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ÓÑÒÀÍÎÂÊÀ ÂÈÍÒÎÂÎÃÎ ÎÁÆÀÒÈß ÓÂÎ 20-50 
ÄËß ÓÏÐÎ×ÍÅÍÈß È ÊÀËÈÁÐÎÂÊÈ 
ÖÈËÈÍÄÐÈ×ÅÑÊÈÕ ÄÅÒÀËÅÉ È ÇÀÃÎÒÎÂÎÊ 
ÑÅËÜÑÊÎÕÎÇßÉÑÒÂÅÍÍÎÉ ÒÅÕÍÈÊÈ

INSTALLATION OF SCREW REDUCTION UVO 20-50 
FOR HARDENING AND CALIBRATION OF CYLINDRICAL 
PARTS AND BILLETS OF AGRICULTURAL MACHINERY

Ðàçðàáîòàíà óñòàíîâêà âèíòîâîãî îáæàòèÿ ÓÂÎ 20-50 (äèàìåòð óïðî÷íÿåìûõ èçäåëèé îò 20 äî 55 ìì) ñ çàì-
êíóòîé ñèñòåìîé îõëàæäåíèÿ óïðî÷íåííîãî ïðîêàòà ñ âîçìîæíîñòüþ âñòðàèâàíèÿ îáîðóäîâàíèÿ â ïðîèçâîä-
ñòâåííóþ ëèíèþ èçãîòîâëåíèÿ äåòàëåé. ÓÂÎ ïðåäíàçíà÷àåòñÿ äëÿ ôîðìîîáðàçîâàíèÿ è óïðî÷íåíèÿ öèëèíäðè-
÷åñêèõ äåòàëåé ìåòîäîì âûñîêîòåìïåðàòóðíîé òåðìîìåõàíè÷åñêîé îáðàáîòêè (ÂÒÌÎ) ñ äåôîðìèðîâàíèåì 
ìåòàëëà âèíòîâûì îáæàòèåì (ÂÎ) è îáåñïå÷åíèåì òåõíè÷åñêèõ õàðàêòåðèñòèê èçäåëèé. Èçâåñòíî, ÷òî íåêîòî-
ðûå òåðìîìåõàíè÷åñêèå ñïîñîáû óïðî÷íåíèÿ è ïðîèçâîäñòâà ïðîêàòà, íàïðèìåð ÂÒÌÎ ñòàëåé, ïî ñðàâíåíèþ 
ñ îáû÷íûìè âèäàìè óïðî÷íÿþùåé òåðìè÷åñêîé îáðàáîòêè, îáåñïå÷èâàþò êîìïëåêñ áîëåå âûñîêèõ ñâîéñòâ: 
ïðî÷íîñòü, ïëàñòè÷íîñòü è ñîïðîòèâëåíèå ðàçðóøåíèþ. Îöåíèâàÿ ýôôåêòèâíîñòü ïðèìåíåíèÿ óïðî÷íÿþùåé 
òåðìîìåõàíè÷åñêîé îáðàáîòêè ñîðòîâîãî ïðîêàòà äëÿ âûñîêîíàãðóæåííûõ äåòàëåé, íåîáõîäèìî ïðèâëåêàòü 
êðèòåðèè ìåõàíèêè ðàçðóøåíèÿ, èññëåäîâàòü ñîïðîòèâëåíèå õðóïêîìó è öèêëè÷åñêîìó ðàçðóøåíèþ ñòàëè 
ïðè äåéñòâèè êîíöåíòðàòîðîâ íàïðÿæåíèé, îòðèöàòåëüíûõ òåìïåðàòóð è äðóãèõ ñëîæíûõ óñëîâèé èñïûòà-
íèé è ýêñïëóàòàöèè. Ó÷èòûâàÿ ïîâûøåííûå ñâîéñòâà ñòàëåé ñ ÂÒÌÎ, ñòàíîâèòñÿ âîçìîæíûì ïðèìåíåíèå 
ïîëûõ ïðîôèëåé âçàìåí ñïëîøíîé çàãîòîâêè. Èññëåäîâàííûå ìàòåðèàëû è âûÿâëåííûå çàêîíîìåðíîñòè ïî-
çâîëÿþò ñäåëàòü âûâîä, ÷òî îñîáîòîëñòîñòåííûå ïîëûå äåòàëè, ïðèìåíåíèå êîòîðûõ ýêîíîìèò ìåòàëë è îá-
ëåã÷àåò âåñ êîíñòðóêöèé, äîëæíû ðàññìàòðèâàòüñÿ íå òîëüêî â êà÷åñòâå ïîëíîöåííûõ çàìåíèòåëåé ñïëîøíûõ, 
íî è êàê èìåþùèõ ïðåèìóùåñòâî ïåðåä ïîñëåäíèìè, ãëàâíûì îáðàçîì, â ñâÿçè ñ èõ ëó÷øåé óïðî÷íÿåìîñòüþ 
ïðè ïîâåðõíîñòíîì íàêëåïå è ìåíüøåé ÷óâñòâèòåëüíîñòüþ ê êîíöåíòðàöèè íàïðÿæåíèé ïðè öèêëè÷åñêèõ íà-
ãðóçêàõ, ÷òî äåëàåò èõ áîëåå íàäåæíûìè â ýêñïëóàòàöèè. Óêàçàííûå ðåçóëüòàòû èññëåäîâàíèé îáîñíîâûâàþò 
áîëåå øèðîêîå ïðèìåíåíèå ïîëûõ ïðîôèëåé äëÿ òàêèõ äåòàëåé ñåëüõîçòåõíèêè, êàê ïàëüöà òðàêîâ ãóñåíèöû, 
âàëû, îñè, òîðñèîíû è äðóãèå äåòàëè ðàçëè÷íîãî íàçíà÷åíèÿ.
Êëþ÷åâûå ñëîâà: íàãðåâ, äåôîðìàöèÿ, îõëàæäåíèå, âûñîêîòåìïåðàòóðíàÿ òåðìîìåõàíè÷åñêàÿ îáðàáîòêà, êà-
÷åñòâî ïîâåðõíîñòè, òî÷íîñòü, ìåõàíè÷åñêèå ñâîéñòâà, äîëãîâå÷íîñòü.
Äëÿ öèòèðîâàíèÿ: Äåìåíòüåâ Â.Á., Çàñûïêèí À.Ä., Ñòåðõîâ Ì.Þ., ×óðêèí À.Â. Óñòàíîâêà âèíòîâîãî îá-
æàòèÿ ÓÂÎ 20-50 äëÿ óïðî÷íåíèÿ è êàëèáðîâêè öèëèíäðè÷åñêèõ äåòàëåé è çàãîòîâîê ñåëüñêîõîçÿéñòâåííîé 
òåõíèêè // Òðàêòîðû è ñåëüõîçìàøèíû. 2021. № 3. Ñ. 62–68. DOI: 10.31992/0321-4443-2021-3-62-68.

A screw reduction unit UVO 20-50 (diameter of hardened products from 20 mm to 55 mm) with a closed cooling 
system for hardened rolled products with the ability to integrate equipment into a production line for manufacturing 
parts was developed. The UVO unit is intended for shaping and hardening of cylindrical parts by high-temperature 
thermomechanical treatment (HTMT) with metal deformation by screw compression (VO), ensuring the technical 
characteristics of products. It is known that some thermomechanical methods of hardening and production of rolled 
products, for example, steels HTMT, in comparison with conventional types of hardening heat treatment, provide a 
set of higher properties: strength, ductility and fracture resistance. Evaluating the efficiency of using the hardening 
thermomechanical treatment of long products for highly loaded parts, it is necessary to use the criteria of fracture me-
chanics, to study the resistance to brittle and cyclic fracture of steel under the action of stress concentrators, negative 
temperatures and other difficult test and operating conditions. Taking into account the increased properties of steels 
with HTMT, it becomes possible to use hollow sections instead of solid billets. The investigated materials and the 
revealed patterns allow authors to conclude that thick-walled hollow parts, which are used to save metal and lighten 
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the weight of structures, should be considered not only as full-fledged substitutes for solid ones, but also as having 
an advantage over the latter, mainly due to their better hardenability at surface cold working and less sensitivity 
to stress concentration at cyclic loads, which makes them more reliable in operation. These research results substan-
tiate the wider use of hollow profiles for such parts of agricultural machinery as track pins, shafts, axles, torsion bars 
and other parts for various purposes.
Keywords: heating, deformation, cooling, high temperature thermomechanical treatment, surface quality, precision, 
mechanical properties, longevity.
Cite as: V.B. Dement'yev, A.D. Zasypkin, M.YU. Sterkhov, A.V. Churkin Installation of screw reduction UVO 20-50 
for hardening and calibration of cylindrical parts and billets of agricultural machinery. Traktory i sel’khozmashiny. 
2021. No 3, pp. 62–68 (in Russ.). DOI: 10.31992/0321-4443-2021-3-62-68.

Ââåäåíèå
Ðàçðàáîòàííûé ìåòîä âûñîêîòåìïåðàòóð-

íîé òåðìîìåõàíè÷åñêîé îáðàáîòêè ñ äåôîð-
ìàöèåé âèíòîâûì îáæàòèåì (ÂÒÌÎ ÂÎ) [1] 
çàðåêîìåíäîâàë ñåáÿ êàê îäèí èç ñòàâøèõ òðà-
äèöèîííûìè ñïîñîáîâ òåðìî-ïëàñòè÷åñêîãî 
âîçäåéñòâèÿ íà çàãîòîâêó ñ îäíîâðåìåííûì 
åå óïðî÷íåíèåì ïðè îõëàæäåíèè. Äàëüíåé-
øåå ñîâåðøåíñòâîâàíèå ìåòîäà ïîçâîëèëî 
âåñòè îáðàáîòêó ãîðÿ÷åêàòàíûõ çàãîòîâîê, 
ïðèìåíÿÿ áîëüøîé ñïåêòð òåõíîëîãè÷åñêèõ 
ñõåì è êîíñòðóêòèâíûõ ðåøåíèé â îáëàñòè 
îñíàñòêè è îáîðóäîâàíèÿ [2, 3]. Îäíàêî, íå-
ñìîòðÿ íà ãèáêîñòü ïðîöåññà âèíòîâîãî îá-
æàòèÿ (ÂÎ), òåõíîëîãè÷åñêèå âîçìîæíîñòè 
ìåòîäà îãðàíè÷åíû. Ê ýòîìó ìîæíî îòíåñòè 
òðóäíîñòü ïîëó÷åíèÿ ðàâíîìåðíîé ñòðóê-
òóðû ïî ñå÷åíèþ çàãîòîâîê äëÿ òàêèõ äåòà-
ëåé ñåëüõîçòåõíèêè, êàê âàëû è îñè. Â ñâÿçè 
ñ ýòèì è â ñâåòå äàëüíåéøåãî ðàçâèòèÿ ìåòîäà 
ÂÎ è åãî ìîäèôèêàöèé áûëà ðàçðàáîòàíà 
óñòàíîâêà âûñîêîòåìïåðàòóðíîé òåðìîìåõà-
íè÷åñêîé îáðàáîòêè ÓÂÎ 20-50 ñ âîçìîæíî-
ñòüþ åå èñïîëüçîâàíèè â ëèíèè èçãîòîâëåíèÿ 
öèëèíäðè÷åñêèõ äåòàëåé.

Óñòàíîâêà ÓÂÎ ïðåäíàçíà÷àåòñÿ äëÿ ôîð-
ìîîáðàçîâàíèÿ è óïðî÷íåíèÿ öèëèíäðè÷åñêèõ 

äåòàëåé ñåëüõîçòåõíèêè ìåòîäîì âûñîêîòåì-
ïåðàòóðíîé òåðìîìåõàíè÷åñêîé îáðàáîòêè 
(ÂÒÌÎ) ñ äåôîðìèðîâàíèåì ìåòàëëà âèíòî-
âûì îáæàòèåì (ÂÎ) è îáåñïå÷åíèåì òåõíè÷å-
ñêèõ õàðàêòåðèñòèê òåõíîëîãè÷åñêèõ îïåðà-
öèé, ïðèâåäåííûõ â òàáëèöå 1.

Äåôîðìàöèÿ âèíòîâûì îáæàòèåì öèëèí-
äðè÷åñêèõ äåòàëåé ñåëüõîçòåõíèêè îñíîâàíà 
íà ïðèäàíèè çàãîòîâêå âðàùåíèÿ è îñåâîãî ïå-
ðåìåùåíèÿ ñ ïîñëåäîâàòåëüíûì îáæàòèåì åå 
â íåïðèâîäíûõ ðîëèêàõ (âàëêàõ), êîòîðûå îá-
ðàçóþò êàëèáð îáðàáîòêè.

Êðîìå ÂÒÌÎ íà óñòàíîâêå ìîæíî ïðîâî-
äèòü óïðî÷íåíèå äåòàëåé ìåòîäàìè ÂÒÌÏÎ, 
ÏÏÄ è çàêàëêè ÒÂ×.

ÂÒÌÏÎ – âûñîêîòåìïåðàòóðíàÿ òåðìî-
ìåõàíè÷åñêàÿ ïîâåðõíîñòíàÿ îáðàáîòêà – îò-
ëè÷àåòñÿ îò ÂÒÌÎ òîëüêî ãëóáèíîé ïðîãðå-
âàåìîãî è äåôîðìèðóåìîãî ñëîÿ ïî ñå÷åíèþ. 
Ïðè ÂÒÌÏÎ ïîâåðõíîñòíûé ñëîé ïðîãðåâàåò-
ñÿ è ñîîòâåòñòâåííî äåôîðìèðóåòñÿ íà çàäàí-
íóþ ãëóáèíó.

ÏÏÄ – ïîâåðõíîñòíàÿ ïëàñòè÷åñêàÿ äåôîð-
ìàöèÿ – ïðîâîäèòñÿ íà «õîëîäíîé çàãîòîâêå». 
Â ðåçóëüòàòå îáêàòêè çàãîòîâêè â âàëêàõ ïî-
âåðõíîñòíûé ñëîé ïîëó÷àåò óïðî÷íåíèå â âèäå 
íàêëåïà. 

Òàáëèöà 1 

Òåõíè÷åñêèå õàðàêòåðèñòèêè òåõíîëîãè÷åñêèõ îïåðàöèé

Table 1. Technical characteristics of technological operations

Íàèìåíîâàíèå 
ñòàäèè 

(№ îïåðàöèè)

Ïàðàìåòðû òåõíîëîãè÷åñêîãî ïðîöåññà

Íàèìåíîâàíèå ïàðàìåòðà

Çíà÷åíèå
Òåõíîëîãè÷åñêàÿ 

íîðìà Ïðåäåëüíî 
áåçîïàñíîå

Ïðåäåëüíî 
äîïóñòèìîå

Êðèòè-
÷åñêîå

ìèí. ìàêñ.

1. Íàãðåâ
Òåìïåðàòóðà, °Ñ 980 1000 980 1010 1040
Âðåìÿ, ñ 5 5 5 5 5

2. Äåôîðìàöèÿ
Ñòåïåíü äåôîðìàöèè, , % 20 30 30 30 45
Ñêîðîñòü ïîäà÷è, ì/ñ 0,033 0,033 0,033 0,033 0,033

3. Îõëàæäåíèå Ñêîðîñòü îõëàæäåíèÿ, ãðàä/ñ 30 120 130 130 130
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Çàêàëêà ÒÂ× ïðîâîäèòñÿ áåç äåôîðìèðîâà-
íèÿ çàãîòîâêè â âàëêàõ.

Òàêèì îáðàçîì, óñòàíîâêà ïîçâîëÿåò ïîëó-
÷èòü òåðìîìåõàíè÷åñêè óïðî÷íåííûå èëè çà-
êàëåííûå èëè «íàêëåïàííûå» äåòàëè çàãîòîâ-
êè òèïà âàëîâ è îñåé.

Öåëü èññëåäîâàíèé
Ïðîåêòèðîâàíèå è èçãîòîâëåíèå ñïåöè-

àëèçèðîâàííîãî îáîðóäîâàíèÿ äëÿ óïðî÷íå-
íèÿ è êàëèáðîâêè âûñîêîíàãðóæåííûõ äåòà-
ëåé ñåëüõîçòåõíèêè ÓÂÎ 20-50 ñ âûñîêèìè 
ìåõàíè÷åñêèìè ñâîéñòâàìè ìàòåðèàëà äåòà-
ëåé è âîçìîæíîé çàìåíå ñïëîøíûõ çàãîòîâîê 
íà ïîëûå.

Ìàòåðèàëû è ìåòîäû
Îáðàáîòêà îïûòíûõ ïàðòèé çàãîòîâîê 

èç ñòàëåé 38ÕÑ è 30ÕÃÑÍ2À áûëà ïðîâåäåíà 
íà óñòàíîâêå ÓÂÎ 20-50.

Óñòðîéñòâî è ðàáîòà óñòàíîâêè 
è åå ñîñòàâíûõ ÷àñòåé
Óïðàâëåíèå ñèñòåìîé çàãðóçêè-ðàçãðóçêè 

çàãîòîâîê óñòàíîâêè îñóùåñòâëÿåòñÿ ñ ýëåê-
òðè÷åñêîãî ïóëüòà îñíîâíîãî óçëà, à ñèñòåìîé 
äëÿ íàãðåâà çàãîòîâêè – ñ ïóëüòà óñòàíîâêè 
ÒÂ×. Ìåõàíè÷åñêèõ îðãàíîâ óïðàâëåíèÿ óñòà-
íîâêà íå èìååò.

Ñòðóêòóðà òåõíîëîãè÷åñêîãî 
îáîðóäîâàíèÿ:
– ñèñòåìà äëÿ íàãðåâà çàãîòîâêè (óñòàíîâêà 

ÒÂ×, ìîùíîñòü 100–150 êÂò, ÷àñòîòà 60–100 
êÃö, òèï èñïîëíåíèÿ: òèðèñòîðíàÿ);

– äåôîðìèðóþùåå îáîðóäîâàíèå: êëåòü 
òðåõðîëèêîâàÿ (òðåõâàëêîâàÿ) íåïðèâîäíàÿ 
ñ óïðàâëåíèåì ðàäèàëüíûì ïåðåìåùåíèåì 
è óãëîì ðàçâîðîòà âàëêîâ; êàòàåìûé äèàìåòð,  
20–50 ìì, äëèíà çàãîòîâêè äî 1200 ìì; óãîë 
ðàçâîðîòà ðîëèêîâ 0–6°;

– ïðèâîä âðàùåíèÿ çàãîòîâêè: ìîùíîñòü 
äî 10 êÂò (5,5 êÂò), ÷àñòîòà âðàùåíèÿ 60–120 
îá/ìèí;

– ïðèâîä îñåâîé ïîäà÷è: ìîùíîñòü 1,5 êÂò, 
âåëè÷èíà ïîäà÷è 300–500 ìì/ìèí;

– ñèñòåìà çàãðóçêè-ðàçãðóçêè çàãîòîâîê;
– ñèñòåìà îõëàæäåíèÿ: à) ðàçîìêíóòàÿ 

îò âîäîíàïîðíîé ñåòè è ñëèâîì â ñèñòåìó âîäî-
îòâåäåíèÿ; á) çàìêíóòàÿ ñ óïðàâëÿåìûì ñîñòà-
âîì îõëàæäàåìîé ñðåäû;

– âàðèàíò ñèñòåìû óïðàâëåíèÿ: à) ïî-
ýëåìåíòíàÿ ðó÷íàÿ íàëàäî÷íàÿ (ïðèìåíÿåò-

ñÿ ïðè îòðàáîòêå ðåæèìîâ óïðî÷íåíèÿ íîâîé 
äåòàëè); á) ïîëóàâòîìàòè÷åñêàÿ, îñíîâíàÿ 
(çàïóñê ïðîöåññà óïðî÷íåíèÿ ïðîèçâîäèòñÿ 
îïåðàòîðîì óñòàíîâêè ñ ïóëüòà óïðàâëåíèÿ, 
à îñòàíîâ ïðîèçâîäèòñÿ àâòîìàòè÷åñêè, ïðè äî-
ñòèæåíèè çàäàííîé âåëè÷èíû îáðàáàòûâàåìî-
ãî ðàçìåðà).

Ñóììàðíàÿ ïîäâîäèìàÿ ìîùíîñòü – äî 200 êÂò. 
Íåîáõîäèìî íàëè÷èå íà ó÷àñòêå âîäîíàïîðíîé 
ñåòè è ñèñòåìû âîäîîòâåäåíèÿ. Ìàòåðèàë äå-
ôîðìèðóþùèõ âàëêîâ – òåïëîñòîéêèå øòàìïî-
âûå ñòàëè òèïà 6Õ6Ì1Ô.

Ðåçóëüòàòû è îáñóæäåíèå
Îïèñàíèå ðàáîòû óñòàíîâêè
Óñòàíîâêà ìîæåò ðàáîòàòü ïî äâóì âàðèàí-

òàì (â çàâèñèìîñòè îò êîíñòðóêöèè óïðî÷íÿå-
ìîé äåòàëè) ñëåäóþùèì îáðàçîì. 

1-é âàðèàíò. Îïåðàöèè óïðî÷íåíèÿ è êà-
ëèáðîâêè (äëÿ äåòàëåé òèïà «âàë», «òðóáà») 
íà÷èíàþòñÿ, ïî íåîáõîäèìîñòè, ñ ïåðåìåùå-
íèÿ êàðåòêè 8 (ðèñ.) â ïåðâîíà÷àëüíîå ïîëî-
æåíèå (êðàéíåå ïîëîæåíèå âîçëå êëåòè 6). 
Çàòåì ïðîèñõîäèò çàêðåïëåíèå óïðî÷íÿåìîé 
äåòàëè â òÿãå çàãîòîâêè 11. Ïîñëå ýòîãî íà÷è-
íàåò ðàáîòàòü ñïðåéåð 3, âêëþ÷àåòñÿ ñèñòåìà 
îõëàæäåíèÿ (çàìêíóòàÿ èëè ðàçîìêíóòàÿ – â 
çàâèñèìîñòè îò íåîáõîäèìîñòè ïîëó÷åíèÿ 
íóæíîé ñòðóêòóðû ìàòåðèàëà çàãîòîâêè), è 
ïðîèñõîäèò âêëþ÷åíèå ïðèâîäà âðàùåíèÿ çà-
ãîòîâêè 9, çàòåì âêëþ÷àåòñÿ óñòàíîâêà ÒÂ× 
(ïîëóïðîâîäíèêîâûé ïðåîáðàçîâàòåëü ÷àñòîòû 
ÏÏ×-160-66) è ñ ïîìîùüþ èíäóêòîðà (âõîäÿ-
ùåãî â ñîñòàâ ÏÏ×) ïðîèñõîäèò íàãðåâ «çàõîä-
íîãî» êîíöà çàãîòîâêè äî çàäàííîé òåìïåðà-
òóðû. Ïîñëå ýòîãî âêëþ÷àåòñÿ ïðèâîä îñåâîé 
ïîäà÷è è ïðîèñõîäèò íåïðåðûâíî-ïîñëåäîâà-
òåëüíûé ïðîöåññ íàãðåâà çàãîòîâêè ñ ïîñëå-
äóþùåé êàëèáðîâêîé â êëåòè 6 äî ìîìåíòà 
ïåðåìåùåíèÿ êàðåòêè 8 â êðàéíåå ïîëîæåíèå 
îò êëåòè (çàãîòîâêà ñ òÿãîé 11 íàõîäÿòñÿ â çîíå 
ðàçãðóçêè). Çàòåì ïðîèñõîäèò âûêëþ÷åíèå 
ïðèâîäà îñåâîé ïîäà÷è è ïðèâîäà âðàùåíèÿ çà-
ãîòîâêè 9, ïîñëå ýòîãî âûêëþ÷àåòñÿ ñèñòåìà 
îõëàæäåíèÿ (ñïðåéåð), ïðîèñõîäèò âûãðóçêà 
(îòñîåäèíåíèå) çàãîòîâêè îò òÿãè çàãîòîâêè 11.

2-é âàðèàíò. Îïåðàöèè óïðî÷íåíèÿ è êà-
ëèáðîâêè (äëÿ äåòàëåé ñ îòâåðñòèåì òèïà 
«ãàéêà»). Âàðèàíò îòëè÷àåòñÿ îò ïåðâîãî òåì, 
÷òî âìåñòî òÿãè çàãîòîâêè 11 óñòàíàâëèâàåò-
ñÿ îïðàâêà äåôîðìèðóþùàÿ, à çàãîòîâêà (ñ îò-
âåðñòèåì) çàêðåïëÿåòñÿ â êóëàêàõ êëåòè ñ âíó-
òðåííåé ñòîðîíû âìåñòî ñïðåéåðà, ïîñëå ÷åãî 
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ñ ïîìîùüþ èíäóêòîðà ÒÂ× ïðîèñõîäèò íàãðåâ 
åå âíóòðåííåé ïîâåðõíîñòè. Çàòåì âêëþ÷àåò-
ñÿ ïðèâîä îñåâîé ïîäà÷è, è äåôîðìèðóþùàÿ 
îïðàâêà êàëèáðóåò âíóòðåííþþ ïîâåðõíîñòü 
çàãîòîâêè, ïîñëå ýòîãî âêëþ÷àåòñÿ îáðàòíûé 
õîä ïðèâîäà îñåâîé ïîäà÷è, ïðîèñõîäèò âûêëþ-
÷åíèå õîäà ïðèâîäà îñåâîé ïîäà÷è, à çàãîòîâêà 
ïîïàäàåò â çîíó îõëàæäåíèÿ.

Îïèñàíèå ãðóïï è óçëîâ óñòàíîâêè
Ñòàíèíà 10 – ñâàðíàÿ ìåòàëëîêîíñòðóêöèÿ 

ñëóæèò îñíîâàíèåì, íà êîòîðîì ñìîíòèðîâàíû 
óçëû óñòàíîâêè.

Ïðèâîä âðàùåíèÿ çàãîòîâêè (NMRV 130-15-
93,3-5,5-V5) ïðåäñòàâëÿåò ñîáîé òðåõôàçíûé 

ìîòîð-ðåäóêòîð (ñ ìóôòîé ïðåäîõðàíèòåëüíîé 
êðóòÿùåãî ìîìåíòà ôðèêöèîííîé TL700-2C)
ìîùíîñòüþ 5,5 êÂò è ÷èñëîì îáîðîòîâ 
93,3 îá/ìèí, êðóòÿùèé ìîìåíò 490 Íì, óñòà-
íîâëåííûé íà êàðåòêó 8.

Ïðèâîä îñåâîãî ïåðåìåùåíèÿ çàãîòîâ-
êè (NMRV 063-7,5-186,7-1,5-V5) ïðåäñòàâëÿåò 
ñîáîé òðåõôàçíûé ìîòîð-ðåäóêòîð (ñ ìóôòîé 
ïðåäîõðàíèòåëüíîé êðóòÿùåãî ìîìåíòà 
ôðèêöèîííàÿ TL350-1C) ìîùíîñòüþ 1,5 êÂò 
è ÷èñëîì îáîðîòîâ 186,7 îá/ìèí, óñòàíîâëåí-
íûé íà ìîäóëü êàðåòêè 8.

Êàðåòêà ïðåäñòàâëÿåò ñîáîé «ñáîðêó»: 
ïëàñòèíû êàðåòêè 8 ñ ïðèêðåïëåííûìè 
íà íåå ìîòîð-ðåäóêòîðîì (ñ ïîìîùüþ îïîðû), 

Ðèñ. Îáùèé âèä óñòàíîâêè ÓÂÎ 20-50 äëÿ óïðî÷íåíèÿ íàðóæíûõ ïîâåðõíîñòåé

Fig. General view of the UVO 20-50 installation for hardening the outer surfaces
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îñü êàðåòêè (ïåðåäàþùàÿ âðàùåíèå ñ ìî-
òîð-ðåäóêòîðà íà çàãîòîâêó), è 4 êàðåòêè 
HIWINHGW30CCZ0C (ñëóæàò íàïðàâëÿþùè-
ìè, êîìïåíñèðóþò ïåðåêîñû êàðåòêè âî âðåìÿ 
ðàáîòû), ãàéêà ØÂÏ (øàðèêî-âèíòîâàÿ ïåðå-
äà÷à) êàðåòêè SFU3205 (çàêðåïëÿåòñÿ íåïîä-
âèæíî â îñåâîì íàïðàâëåíèè). Êàðåòêà ïðåä-
íàçíà÷åíà äëÿ ñîâìåùåíèÿ ïðèâîäîâ âðàùåíèÿ 
è îñåâîãî ïåðåìåùåíèÿ è âûâåäåíèÿ èõ íà ïî-
çèöèþ çàãðóçêè-ðàçãðóçêè çàãîòîâêà. 

Ñèñòåìà çàãðóçêè-ðàçãðóçêè ïðåäñòàâëÿåò 
ñîáîé ñîâîêóïíîñòü óçëîâ è ìåõàíèçìîâ ïðè-
âîäîâ âðàùåíèÿ çàãîòîâêè, îñåâîé ïîäà÷è (ïå-
ðåìåùåíèÿ) çàãîòîâêè, à òàêæå òÿãè çàãîòîâ-
êè 11, óïðàâëÿåìûõ ñèñòåìîé óïðàâëåíèÿ.

Äåôîðìèðóþùåå îáîðóäîâàíèå âêëþ÷àåò 
â ñåáÿ êëåòü ñ âàëêàìè 6, ïðåäíàçíà÷åííóþ 
äëÿ ðàäèàëüíîãî îáæàòèÿ è êàëèáðîâêè öèëèí-
äðè÷åñêèõ çàãîòîâîê.

Â êëåòè 6 ñîáðàíû òðè íàïðàâëÿþùèõ, 
íà òîðöàõ êîòîðûõ ñìîíòèðîâàíû íåïðèâî-
äíûå äåôîðìèðóþùèå ðîëèêè, çàêðåïëåí-
íûå íà êóëàêàõ. Êàæäàÿ íàïðàâëÿþùàÿ èìååò 
ãàéêó, ôèêñèðóþùóþ ðàäèàëüíîå ïåðåìåùå-
íèå ðîëèêà ê îñè îáðàáîòêè. Ðàçâîðîò ðîëèêîâ 
îòíîñèòåëüíî îñè îáðàáîòêè îñóùåñòâëÿåòñÿ 
ðåãóëèðîâî÷íûìè áîëòàìè íàñòðîéêè óãëà 
è êîíòðîëèðóåòñÿ ïî ëèìáó.

Ñïðåéåð ïðåäíàçíà÷åí äëÿ çàêàëêè èçäåëèÿ, 
âûïîëíåí â âèäå ñáîðíîãî öèëèíäðà, íà âíó-
òðåííåé ïîâåðõíîñòè êîòîðîãî ðàñïîëîæåíû 
îòâåðñòèÿ äëÿ ðàçáðûçãèâàíèÿ âîäû.

Ñèñòåìà ñëèâà (åìêîñòü äëÿ ñáîðà âîäû) 
ïðåäíàçíà÷åíà äëÿ ñáîðà è îòâîäà èñïîëüçîâàí-
íîé æèäêîñòè èç çîíû îõëàæäåíèÿ èçäåëèÿ â ñè-
ñòåìó âîäîîòâåäåíèÿ (ïðè ïîìîùè ïðèêðåïëåí-
íîãî øëàíãà) êàê ïðîèçâîäñòâåííîãî ó÷àñòêà, 
òàê è â çàìêíóòóþ ñèñòåìó îõëàæäåíèÿ.

Îïèñàíèå ñèñòåìû íàãðåâà ÒÂ×
Ïîëóïðîâîäíèêîâûå ïðåîáðàçîâàòåëè ÷à-

ñòîòû ñåðèè ÏÏ× ïðåäíàçíà÷åíû äëÿ ïðåîáðà-
çîâàíèÿ òðåõôàçíîãî òîêà ïðîìûøëåííîé ÷à-
ñòîòû â ïåðåìåííûé îäíîôàçíûé òîê ñðåäíåé 
÷àñòîòû. Ïðèìåíÿþòñÿ äëÿ ïèòàíèÿ êîëåáà-
òåëüíîãî êîíòóðà èíäóêöèîííûõ ïëàâèëüíûõ 
ïå÷åé, çàêàëî÷íûõ è äðóãèõ ýëåêòðîòåðìè÷å-
ñêèõ óñòðîéñòâ ñ ñåêöèîííûìè óñòðîéñòâàìè.

Â äèàïàçîíå ÷àñòîò îò 8000 äî 70 êÃö èñ-
ïîëüçóþòñÿ ñòàòè÷åñêèå ïðåîáðàçîâàòåëè ÷à-
ñòîòû, ÿâëÿþùèåñÿ èñòî÷íèêîì íàïðÿæåíèÿ 
ñïåöèàëüíîé ôîðìû ñ èìïóëüñíîêîäîâîé ìîäó-

ëÿöèåé, âûïîëíåííîì íà IGBT-òðàíçèñòîðàõ, 
êîòîðûé ïèòàåò ïàðàëëåëüíûé êîëåáàòåëüíûé 
êîíòóð ýëåêòðîòåðìè÷åñêîé óñòàíîâêè.

Ïèòàíèå ÏÏ× äîëæíî îñóùåñòâëÿòüñÿ 
îò ÷åòûðåõïðîâîäíîé ñåòè ñ íîìèíàëüíûì íà-
ïðÿæåíèåì 380 Â. 

Îïèñàíèå ñèñòåìû óïðàâëåíèÿ 
óñòàíîâêîé âèíòîâîãî îáæàòèÿ
Ñèñòåìà óïðàâëåíèÿ âûïîëíÿåò ñëåäóþùèå 

çàäà÷è:
– óïðàâëåíèå ïóñêîì, îñòàíîâêîé, çàùè-

òàìè;
– ñèãíàëèçàöèÿ ðåæèìîâ ðàáîòû è íåèñ-

ïðàâíîñòåé, îáåñïå÷åíèå òðåáóåìûõ çàêîíîâ 
ðåãóëèðîâàíèÿ;

– îáåñïå÷åíèå àëãîðèòìîâ ïîäà÷è è ñíÿòèÿ 
óïðàâëÿþùèõ èìïóëüñîâ äëÿ òèðèñòîðîâ âû-
ïðÿìèòåëÿ è òðàíçèñòîðîâ èíâåðòîðà;

– ôîðìèðîâàíèå èìïóëüñîâ óïðàâëåíèÿ òè-
ðèñòîðàìè ñ çàäàííûìè ïàðàìåòðàìè.

Â òàáë. 2 ïðåäñòàâëåíû òåõíè÷åñêèå õàðàê-
òåðèñòèêè óñòàíîâêè äëÿ óïðî÷íåíèÿ êðóãëîãî 
ïðîêàòà è êîìïëåêò îáîðóäîâàíèÿ äëÿ íàãðåâà 
è îõëàæäåíèÿ.

Â òàáëèöå 3 ïðåäñòàâëåí óðîâåíü ìåõàíè÷å-
ñêèõ ñâîéñòâ, ôîðìèðóþùèõñÿ â ñòàëÿõ 38ÕÑ 
è 30ÕÃÑÍ2À ïðè ðàçëè÷íûõ ñõåìàõ îáðàáîòêè.

Èññëåäîâàíèÿ ìåõàíè÷åñêèõ ñâîéñòâ óãëå-
ðîäèñòûõ ñðåäíåëåãèðîâàííûõ ñòàëåé îïó-
áëèêîâàíû â ðàáîòàõ Ì.Ë. Áåðíøòåéíà, 
Î.È. Øàâðèíà, Â.Á. Äåìåíòüåâà è ìíîãèõ àâ-
òîðîâ, çàíèìàþùèõñÿ âîïðîñàìè óïðî÷íåíèÿ 
ïðè ÂÒÌÎ [4]. Îïðåäåëåííûé èíòåðåñ â íàøåì 
ñëó÷àå ïðåäñòàâëÿåò âëèÿíèå âèäà ÂÎ íà ñâîé-
ñòâà ñòàëè 30ÕÃÑÍ2À è ñòåïåíè äåôîðìà-
öèè λ ïðè îïðàâî÷íîì äåôîðìèðîâàíèè òðóá 
èç ñòàëè 38ÕÑ.

Èç ïðèâåäåííûõ â òàáë. 3 ðåçóëüòàòîâ âèäíî, 
÷òî äëÿ ñòàëè 38ÕÑ íàèëó÷øèå ìåõàíè÷åñêèå 
ñâîéñòâà ïîëó÷åíû ïðè ðåæèìàõ îáðàáîòêè çà-
ãîòîâîê ñî ñòåïåíüþ äåôîðìàöèè 20, 26 è 30 % 
è îòïóñêîâ 200 è 270 °Ñ. Îòñþäà äëÿ ñòàëè 
38ÕÑ âèäíî, ÷òî ïðè ñíèæåíèè òåìïåðàòóðû 
îòïóñêà äî 200 °Ñ ïðåäåë ïðî÷íîñòè âîçðàñòà-
åò íà 128 ÌÏà, ïðåäåë òåêó÷åñòè – íà 100 ÌÏà 
ïðè ñòåïåíè äåôîðìàöèè 30 %, à óäàðíàÿ âÿç-
êîñòü óìåíüøàåòñÿ íåçíà÷èòåëüíî.

Ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà ñòàëè 
30ÕÃÑÍ2À ïîëó÷åíû äëÿ óïðî÷íåííûõ òðóá-
íûõ çàãîòîâîê, îáðàáîòàííûõ ñî ñòåïåíüþ äå-
ôîðìàöèè 25 % [5−7] . 
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Òàáëèöà 2
Òåõíè÷åñêèå õàðàêòåðèñòèêè ÓÂÎ 20-50

Table 2. Technical characteristics of UVO 20-50

Íàèìåíîâàíèå ïàðàìåòðîâ Âåëè÷èíà
1 Íàèáîëüøàÿ äëèíà îáðàáîòêè, ìì 1200

2
Äèàìåòð çàãîòîâêè, ìì:
ìèíèìàëüíûé 
ìàêñèìàëüíûé

20
50

3 Êðóòÿùèé ìîìåíò, Íì äî 500
4 Ñêîðîñòü âðàùåíèÿ çàãîòîâêè, îá/ìèí (çà ñ÷åò ñõåìû óïðàâëåíèÿ ýë. äâèãàòåëÿìè) 60–120
5 Ìàêñèìàëüíîå òÿíóùåå óñèëèå, êÍ 30
6 Ìàêñèìàëüíîå óñèëèå îáæàòèÿ âàëêîâ (ðîëèêîâ), êÍ 90
7 Äèàìåòð îáæèìíûõ âàëêîâ (ðîëèêîâ), ìì 80
8 Õîä êàðåòêè, ìì 1300
9 Óãîë ðàçâîðîòà âàëêîâ (ðîëèêîâ), ãðàä îò 0 äî 6

10 Ñêîðîñòü îñåâîé ïîäà÷è, ìì/ìèí 300–500
11 Íàèáîëüøàÿ âåëè÷èíà îáæàòèÿ, % 20–30
12 Ñóììàðíàÿ ìîùíîñòü ýë. äâèãàòåëåé, êÂò 7
13 Îõëàæäåíèå âîäíîå

14

Ãàáàðèòû óñòàíîâêè, ìì (äëÿ ñïðàâêè):
äëèíà
øèðèíà
âûñîòà

2670
825

1380
15
16
17

Ìàññà îðèåíòèðîâî÷íàÿ (áåç óñòàíîâêè ÒÂ×), êã
Ñèñòåìà çàãðóçêè-ðàçãðóçêè çàãîòîâîê
Ïîëóïðîâîäíèêîâûé ïðåîáðàçîâàòåëü ÷àñòîòû ÏÏ×-160-66 (áëîê ñîãëàñîâàíèÿ, 
Ïðîâîäà ñîåäèíèòåëüíûå ê ÏÏ× è ÁÊ, ñòàíöèÿ îõëàæäåíèÿ ÑÎ-40, 
êîìïëåêò îäíîâèòêîâûõ èíäóêòîðîâ äëÿ äåòàëåé ÓÂÎ)
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Ìåõàíè÷åñêèå ñâîéñòâà ñòàëè 38ÕÑ â çàâèñèìîñòè îò ñòåïåíè äåôîðìàöèè ïðè ÂÒÌÎ è òåìïåðàòóðû îòïóñêà 
(îïûòû 1–6) è âëèÿíèå ñõåìû îáðàáîòêè íà ñâîéñòâà ñòàëè 30ÕÃÑÍ2À 

(îïûòû: 7 – íà äëèííîé îïðàâêå, 8 – íà êîðîòêîé îïðàâêå)

Table 3. Mechanical properties of 38HS steel on the degree of deformation at HTMT 
and tempering temperature (experiments 1–6) and the effect of the treatment scheme on the properties 

of steel 30KHGSN2A (experiments: 7 – on a long mandrel, 8 – on a short mandrel)

№ 
îïûòà Ìàðêà ñòàëè t

îòï.
, °Ñ , % 

0 ,2
, ÌÏà 

B
, ÌÏà , % , % KCU, ÌÄæ/ì2 HRC

ý
, åä

1

38ÕÑ
Îáðàçåö KCU 3õ4 ìì

200 20 1586 1812 12,9 46,1 0,36 47–51
2 270 20 1428 1587 10,7 43,0 0,54
3 200 26 1571 1775 15,3 53,4 0,41
4 270 26 1448 1631 13,5 55,6 0,64
5 200 30 1603 1817 13,1 52,5 0,56
6 270 30 1501 1689 14,9 53,0 0,58
7 30ÕÃÑÍ2À

Îáðàçåö KCU 10õ10 ìì
200 25 1721 1879 13,3 63,5 1,11

8 200 25 1653 1837 14,2 56,0 1,21

Âûâîäû
Ðàçðàáîòàíà è èçãîòîâëåíà óñòàíîâêà âèíòî-

âîãî îáæàòèÿ ÓÂÎ 20-50 ñ çàìêíóòîé ñèñòåìîé 
îõëàæäåíèÿ óïðî÷íåííîãî ïðîêàòà ñ âîçìîæ-
íîñòüþ âñòðàèâàíèÿ îáîðóäîâàíèÿ â ïðîèç-
âîäñòâåííóþ ëèíèþ èçãîòîâëåíèÿ äåòàëåé. 

Óñòàíîâêà ÓÂÎ ïðåäíàçíà÷àåòñÿ äëÿ ôîðìî-
îáðàçîâàíèÿ è óïðî÷íåíèÿ öèëèíäðè÷åñêèõ 
äåòàëåé ìåòîäîì âûñîêîòåìïåðàòóðíîé òåðìî-
ìåõàíè÷åñêîé îáðàáîòêè ñ äåôîðìèðîâàíèåì 
ìåòàëëà âèíòîâûì îáæàòèåì è îáåñïå÷åíèåì 
òåõíè÷åñêèõ õàðàêòåðèñòèê çàãîòîâèòåëüíûõ 
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îïåðàöèé. Ïðîâåäåííûå èññëåäîâàíèÿ ìåõà-
íè÷åñêèõ ñâîéñòâ ñòàëåé 38ÕÑ è 30ÕÃÑÍ2À 
ïîêàçûâàþò, ÷òî ìàòåðèàë ïîëíîñòüþ ñîîòâåò-
ñòâóåò ïî õàðàêòåðó ñòðóêòóðû è ïðî÷íîñòè 
òðàäèöèîííîìó óïðî÷íåíèþ ìåòîäîì ÂÒÌÎ 
è ìîæåò èñïîëüçîâàòüñÿ â ïðîìûøëåííîñòè 
â êà÷åñòâå óïðî÷íåííîé çàãîòîâêè âûñîêîíà-
ãðóæåííûõ òåõíè÷åñêèõ ñèñòåì. Ïðè ýòîì 
îêîí÷àòåëüíîå ôîðìèðîâàíèå ñòðóêòóðû ìàòå-
ðèàëà ïðîèñõîäèò íà ñòàäèè ÂÒÌÎ ÂÎ è íå çà-
âèñèò îò ïðåäøåñòâóþùèõ îïåðàöèé. Èññëåäî-
âàíèÿ ìåõàíè÷åñêèõ õàðàêòåðèñòèê ïîêàçàëè, 
÷òî óðîâåíü ìåõàíè÷åñêèõ ñâîéñòâ íà 15–20 % 
âûøå, ÷åì ïîñëå îáúåìíîé òåðìîîáðàáîòêè.
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