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ÌÅÒÎÄÈÊÀ ÈÍÆÅÍÅÐÍÎÃÎ ÐÀÑ×ÅÒÀ 
ÃÐÀÍÓËÈÐÓÞÙÅÃÎ ØÍÅÊÎÂÎÃÎ ÏÐÅÑÑÀ 
ÄËß ÀÊÒÈÂÀÖÈÈ ÁÅÍÒÎÍÈÒÎÂÛÕ ÃËÈÍ 

Ìåòîäèêà ïîçâîëÿåò îïðåäåëÿòü ñèëîâûå õàðàêòåðèñòèêè ïðåññà â çàâèñèìîñòè  
îò ãåîìåòðè÷åñêèõ è êèíåìàòè÷åñêèõ ïàðàìåòðîâ, à òàêæå ñâîéñòâ àêòèâèðóå 
ìûõ áåíòîãëèí. Ýêñïëóàòàöèÿ òåõíîëîãè÷åñêîé ëèíèè íà îïûòíîì çàâîäå ÎÀÎ 
«ÍÈÈÊÌÀ» ïîêàçàëà ñîîòâåòñòâèå ýíåðãåòè÷åñêèõ çàòðàò ðàñ÷åòíûì ïðè ðàçëè÷-
íûõ ðåæèìàõ íàãðóæåíèÿ. 
Êëþ÷åâûå ñëîâà: ïðåññ øíåêîâûé, ðàñ÷åò, ãëèíà áåíòîíèòîâàÿ, àêòèâàöèÿ, ãðàíó-
ëÿöèÿ. 

 

 
 

ññëåäîâàíèÿìè ÍÈÈÊÌÀ [1] 
óñòàíîâëåíà âûñîêàÿ ýôôåê-

òèâíîñòü ïîëó÷åíèÿ ãðàíóëèðîâàííî-
ãî áåíòîíèòà ìåòîäîì õèìèêî-
ìåõàíè÷åñêîé àêòèâàöèè ãëèí åñòåñò-
âåííîé âëàæíîñòè. Äëÿ ïðîìûøëåí-
íîé ðåàëèçàöèè ðåçóëüòàòîâ èññëåäî-
âàíèé áûëà ðàçðàáîòàíà êîíñòðóêöèÿ 
óíèâåðñàëüíîãî ãðàíóëèðóþùåãî 
øíåêîâîãî ïðåññà (ýêñòðóäåðà) äëÿ 
ïåðåðàáîòêè áåíòîíèòîâîãî ñûðüÿ ñ 
ðàçëè÷íûìè ïðèðîäíûìè ñâîéñòâàìè. 

Íà ðèñóíêå ïîêàçàí ãðàíóëèðóþ-
ùèé øíåêîâûé ïðåññ ñ ïðèâîäîì (Ïà-
òåíò ÐÔ íà èçîáðåòåíèå № 2298470 
îò 10.05.2007). Ïðåññ ñîäåðæèò êîð-
ïóñ è  øíåê  íà ïðèâîäíîì âàëó ñ ëî-
ïàñòÿìè äëÿ î÷èñòêè ôîðìóþùåé ðå-
øåòêè, óñòàíîâëåííîé â ðàñøèðåííîì 
âûõîäíîì îêíå êîðïóñà. 

Ïðèâîä ïðåññà 1 ñìîíòèðîâàí íà 
ðàìå 2 è ñîñòîèò èç ýëåêòðîäâèãàòåëÿ 
3 ñ äâóõñòóïåí÷àòûì öèëèíäðè÷åñêèì 
ðåäóêòîðîì 4 è äâóõ ìóôò: óïðóãîé ñ 
òîðîîáðàçíîé îáîëî÷êîé 6 è êóëà÷-
êîâî-äèñêîâîé 5. 

Íåñêîëüêî îïûòíî-ïðîìûøëåííûõ 
îáðàçöîâ ïðåññîâ ýêñïëóàòèðîâàëèñü 
íà îïûòíîì çàâîäå ÎÀÎ «ÍÈÈÊÌÀ» 
äëÿ âûïóñêà íåáîëüøèõ ïàðòèé àêòè-
âèðîâàííîãî ãðàíóëèðîâàííîãî áåí-
òîíèòà ðàçëè÷íîãî íàçíà÷åíèÿ èç ãëèí 
Ìèëëåðîâñêîãî ìåñòîðîæäåíèÿ (Ðîñ-
òîâñêàÿ îáëàñòü). 

Ðàöèîíàëüíûå ãåîìåòðè÷åñêèå ïà-
ðàìåòðû, ÷àñòîòà âðàùåíèÿ è ìîù-
íîñòü äâèãàòåëÿ ïðèâîäà òàêèõ ìàøèí 
îïðåäåëÿþòñÿ ýêñïåðèìåíòàëüíûì 
ïóòåì ñ èñïîëüçîâàíèåì äàííûõ çàâî-
äñêîé ïðàêòèêè è òåõíè÷åñêîé ëèòå-
ðàòóðû [2, 3]. 
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Äëÿ îïðåäåëåíèÿ ïðîèçâîäèòåëü-
íîñòè øíåêîâîãî ïðåññà ñ äîñòàòî÷-
íîé òî÷íîñòüþ ìîæíî ïîëüçîâàòüñÿ 
âûðàæåíèåì: 

2 2( )( ) 60 , / ;
4

π δ ρ− −
=

D d S nQ т час  

ãäå D — íàðóæíûé äèàìåòð öèëèíä-
ðè÷åñêîé âûõîäíîé ÷àñòè øíåêà, ì;  
d — äèàìåòð îñíîâàíèÿ øíåêà, ì;  
S — øàã øíåêà, ì; δ — òîëùèíà ëîïà-
ñòè, ì; n — ÷àñòîòà âðàùåíèÿ øíåêà, 
ìèí-1; ρ — ïëîòíîñòü ìàòåðèàëà íà 
âûõîäå èç ïðåññà, ò/ì3. 

Ñêîðîñòü äâèæåíèÿ ìàññû ïåðåä 
ðåøåòêîé áóäåò ðàâíà 

2 2
4 , / .

3600 ( )π ρ
=

−
QV м с
D d

 

Íà îñíîâå ðåêîìåíäàöèé [2] ÷àñòî-
òó âðàùåíèÿ ïðèíèìàþò ðàâíîé 20—
40 îá/ìèí. Èñïîëüçóÿ ðàñïðîñòðà-
íåííûå ñòàíäàðòíûå ðåäóêòîðû ñ ïå-
ðåäàòî÷íûì ÷èñëîì u = 40 è ýëåêòðî-
äâèãàòåëè ñ näâ = 1465 îá/ìèí ïîëó-
÷àåì n = näâ/u = 36.6 îá/ìèí, äëÿ 
ïðåññîâ ñ äèàìåòðîì âûõîäíîé ÷àñòè 
øíåêà D = 100…200 ìì.  

Ìîùíîñòü äâèãàòåëÿ äëÿ ïðèâîäà 
øíåêîâîãî âàëà ãðàíóëèðóþùåãî 
øíåêîâîãî ïðåññà çàâèñèò îò áîëü-
øîãî êîëè÷åñòâà ôàêòîðîâ [3]: 
ñâîéñòâ ôîðìóåìîé ìàññû, ïðîâî-
ðà÷èâàíèÿ, âîçâðàòà è ñæàòèÿ åå â 
ïðåññå, òðåíèÿ ìàññû î âèíò è êîð-
ïóñ, êà÷åñòâà ïîâåðõíîñòè øíåêà è 
êîðïóñà ïðåññà. 

Ìíîãîôàêòîðíîñòü ïðîöåññà ïëà 
ñòèôèêàöèè ãëèíû îñëîæíÿåò ðàç-
ðàáîòêó ìàòåìàòè÷åñêîé ìîäåëè 
äâèæåíèÿ øíåêîâîãî âàëà ïðåññà, 
èññëåäîâàíèå êîòîðîé ïîçâîëèëî 
áû îïðåäåëèòü ñèëîâûå ïàðàìåòðû 
ìàøèíû. 

Ðàññìîòðèì íåêîòîðûå ñëó÷àè íà-
ãðóæåíèÿ ïðåññà äëÿ ïîëó÷åíèÿ çà-
âèñèìîñòåé ýíåðãåòè÷åñêèõ ïàðàìåò-

ðîâ îò ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê  
øíåêà è êèíåìàòè÷åñêèõ ïîêàçàòå 
ëåé ïðèâîäà, à òàêæå ìåõàíè÷åñêèõ 
ñâîéñòâ ïðåññóåìûõ ãëèí.  

Ðåæèì ìàêñèìàëüíîãî íàãðóæåíèÿ 
ïðåññà ïðè åãî çàøòûáîâêå óïëîòíåí-
íîé ïîëóïëàñòèôèöèðîâàííîé ãëèíîé 
õàðàêòåðèçóåòñÿ îòñóòñòâèåì ïîñòóïà-
òåëüíîãî äâèæåíèÿ ìàòåðèàëà è íàè-
áîëüøèì âðàùàþùèì ìîìåíòîì íà 
ïðèâîäå. Â ýòîì ñëó÷àå ìàòåðèàë çà-
ïîëíÿåò ìåæâèòêîâîå ïðîñòðàíñòâî, 
ïðåâðàùàÿ øíåê â ìîíîëèòíûé ãëè-
íÿíûé öèëèíäð, êîòîðûé ïðè âðàùå-
íèè âçàèìîäåéñòâóåò ñ ãëèíÿíîé ðó-
áàøêîé êîðïóñà.  

Ìîìåíò ñèëû òðåíèÿ Tòð ìîæíî 
îïðåäåëèòü èç âûðàæåíèÿ: 

/ 2=тр трT F D , Í·ì. 

Ñèëà òðåíèÿ Fòð çàâèñèò îò ðàäè-
àëüíîé ñîñòàâëÿþùåé Pr  ñîçäàâàåìî-
ãî ïðåññîì äàâëåíèÿ, âçàèìîñâÿçàí-
íîé ñ îñåâîé ñîñòàâëÿþùåé Pa [2]: 

,ξ=r aР Р  ÌÏà, 

ãäå ξ  — êîýôôèöèåíò ðàäèàëüíîãî 
äàâëåíèÿ, 

2 ,π ξ=тр aF DL P f  Í,  

ãäå L — äëèíà öèëèíäðè÷åñêîé âû-
õîäíîé ÷àñòè øíåêà, ì; f2 — êîýôôè-
öèåíò òðåíèÿ ãëèíû ïî ãëèíå. 

Ñ ó÷åòîì ïîëó÷åííîãî âûðàæåíèÿ 
ìîìåíò îïðåäåëÿåòñÿ: 

2
2 / 2,ξ π=тр aТ D L P f  Í·ì, 

à ïîòðåáëÿåìàÿ ìîùíîñòü P: 
/ 30,π= трР T n  Âò.  

Â ðåæèìå íîìèíàëüíîãî íàãðóæå-
íèÿ óïëîòíåííûé ìàòåðèàë âçàèìî-
äåéñòâóåò ñ ëîïàñòÿìè øíåêà, ïðè 
ýòîì ñèëó òðåíèÿ íà ïåðåäíåé ïî-
âåðõíîñòè îäíîãî âèòêà ìîæíî îïðå-
äåëèòü ïî ñëåäóþùåé ôîðìóëå 

1,α=тр a срF AP сos f  Í, 
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ãäå A — ïëîùàäü îäíîãî âèòêà; αñð — 
óãîë ïîäúåìà âèíòîâîé ëèíèè íà 
ñðåäíåì äèàìåòðå øíåêà; f1 — êîýô-
ôèöèåíò òðåíèÿ ñòàëè ïî ãëèíå. 

Èçíîñ çàäíåé ïîâåðõíîñòè ëîïà-
ñòè, êàê ïîêàçûâàþò íàáëþäåíèÿ, ñî-
ñòàâëÿþò 30…50% îò èçíîñà ïåðåä-
íåé, ïîýòîìó ìîæíî ïðåäïîëîæèòü, 
÷òî äàâëåíèå ïî çàäíåé ïîâåðõíîñòè 
ñîñòàâëÿåò 0,7Pa. Òîãäà ïîëíàÿ ñèëà 
òðåíèÿ ïðè âçàèìîäåéñòâèè ñî âñåìè 
âèòêàìè öèëèíäðè÷åñêîé ñïèðàëè 

11,7 / ,α=тр a срF AP сos f L S  Í. 

Ïîâåðõíîñòü øíåêà ÿâëÿåòñÿ ëè-
íåé÷àòîé, íåðàçâåðòûâàåìîé. Âèòîê 
øíåêà ìîæíî ïðèáëèæåííî ïðåäñòà-
âèòü â âèäå ïëîñêîãî êîëüöåâîãî ñåê-
òîðà [4], ïëîùàäü êîòîðîãî ðàâíà  
A = 0,00218 β(D1

2 – d1
2), ì2, 

ãäå D1 è d1 — âíåøíèé è âíóòðåííèé 
äèàìåòðû êîëüöåâîãî ñåêòîðà ñîîò-
âåòñòâåííî; β — öåíòðàëüíûé óãîë 
ñåêòîðà. 

Ãåîìåòðè÷åñêèå ïàðàìåòðû (β, D1 
è d1) ìîæíî îïðåäåëèòü ïî óíèâåð- 

ñàëüíûì  ôîðìóëàì [4]. Îäíàêî â ðàñ-
ñìàòðèâàåìîì äèàïàçîíå äèàìåòðîâ 
ïðè óãëàõ α ≈100…130 çíà÷åíèÿ β ≈ 
3300, D1 ≈ 1,05D, d1 ≈ 1,15 d, òîãäà 

A = 0,72[(1,05D)2 – (1,15d)2], ì2. 

Ìîìåíò òðåíèÿ è ïîòðåáëÿåìàÿ 
ìîùíîñòü 

2
11,7 / 2 ,α=тр a ср срT AP сos f D L S  Í·ì, 

/ 30,π= трР T n  Âò,  

Dñð =( D + d)/2, ì. 

Ìåòîäèêà èíæåíåðíîãî ðàñ÷åòà 
ãðàíóëèðóþùåãî øíåêîâîãî ïðåññà 
áûëà èñïîëüçîâàíà ïðè ñîçäàíèè òåõ-
íîëîãè÷åñêîé ëèíèè äëÿ ïðîèçâîäñò 
âà ãðàíóëèðîâàííîãî àêòèâèðîâàííî-
ãî áåíòîíèòà, êîòîðàÿ â íàñòîÿùåå 
âðåìÿ ýôôåêòèâíî ýêñïëóàòèðóåòñÿ 
íà îïûòíîì çàâîäå ÎÀÎ «ÍÈÈÊÌÀ». 
Ïîëó÷åííûå çàâèñèìîñòè ìîãóò áûòü 
ïðèìåíåíû ïðè ðàñ÷åòå ïðåññîâûõ 
ìàøèí äëÿ ãðàíóëÿöèè è äðóãèõ ïëà-
ñòè÷íûõ ìàòåðèàëîâ, íàïðèìåð ïðè 
ïðîèçâîäñòâå êåðàìçèòà. 
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UDC 622.78 
 

THE TECHNIQUE ENGINEERING CALCULATION GRANULATING SCREW PRESS  
FOR BENTONITE CLAYS ACTIVATION 
 
Terekhin E.P., PhD, Chief engineer, NIIKMA-OPYT JSC. 

 
 
 

The technique allows to determine the power characteristics of the press, depending on the geometric and 
kinematic parameters, as well as the properties of activated bentonite clays. Operation of the production line 
at JSC «NIIKMA» experimental plant showed the accordance of energy costs with those of calculated under 
various loading conditions. 

Maximum stress regime of a screw extruder jammed with compacted semiplastic clay is characterized by 
the absence of forward motion of clay and the low torque on the drive. In this case, clay clogs spacing of flight 
screws, and the screw turns into a solid clay cylinder that rotates and interacts with clayey jacket of the hous-
ing.  

The engineering design procedure for a granulating screw extruder was used in designing of granulated ac-
tivated bentonite production line that has been successively operated at the pilot plant of NIIKMA JSC. The 
derived relations can be used in calculation of squeezing machines for granulation of other plastic materials, 
e.g., expanded-clay aggregate.  

Key words: screw press, calculation, bentonite clay, activation, granulation. 
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