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Â îáðàáîòêå ìåòàëëîâ äàâëåíèåì øèðîêî èñïîëüçóþò ðàçëè÷íîãî ðîäà èçìåðèòåëüíûå

óñòðîéñòâà. Â ñòàòüå ïðåäñòàâëåíà ðàçðàáîòàííàÿ è èçãîòîâëåííàÿ êîíñòðóêöèÿ óãëîìå-

ðà äëÿ èçìåðåíèÿ óãëîâûõ äåôîðìàöèé ïðè óïðóãîì è ïëàñòè÷åñêîì êðó÷åíèè êðóãëûõ

îáðàçöîâ, â îñíîâó êîòîðîãî ïîëîæåí ïðèíöèï ðàáîòû ïëàíåòàðíîãî ìåõàíèçìà áåç ïî-

äâèæíîãî ñîëíå÷íîãî öåíòðàëüíîãî êîëåñà. Óãëîìåð ñîçäàí íà îñíîâå êîíñòðóêöèè óãëî-

ìåðà Áîÿðøèíîâà, â êîòîðóþ äîáàâëåíû êðóãëûé òðàíñïîðòèð ñ äåëåíèÿìè îò 0 äî 360°

è âðàùàþùàÿñÿ íà îñè ñòðåëêà äëÿ ôèêñàöèè óãëîâîãî ïåðåìåùåíèÿ. Èñïîëüçîâàíèå

ïëàíåòàðíîé ïåðåäà÷è ïîçâîëèëî çíà÷èòåëüíî ïîâûñèòü òî÷íîñòü èçìåðåíèÿ óãëîâ ïî-

âîðîòà ïîïåðå÷íûõ ñå÷åíèé îáðàçöà äðóã îòíîñèòåëüíî äðóãà íà ðàññòîÿíèè ðàñ÷åòíîé

äëèíû. Â öåëÿõ óìåíüøåíèÿ âåñà óãëîìåðà åãî îñíîâíûå äåòàëè áûëè èçãîòîâëåíû èç

àëþìèíèåâîãî ñïëàâà Ä16Ò. Ïðè ýòîì íîìèíàëüíûå äèàìåòðû îêðóæíîñòåé öåíòðàëü-

íîãî êîëåñà è ñàòåëëèòà ñîñòàâèëè ñîîòâåòñòâåííî D1 = 220 ìì, D3 = 20 ìì; ìîäóëü çà-

öåïëåíèÿ m = 1 ìì; ÷èñëî çóáüåâ íà êîëåñå ðàâíî 220, à íà ñàòåëëèòå — 20. Íà êðóòèëü-

íîé ìàøèíå ÊÌ-50 ïðîâåäåíû ëàáîðàòîðíûå èñïûòàíèÿ óãëîìåðà íà öèëèíäðè÷åñêîì

îáðàçöå äèàìåòðîì 15 ìì è ðàáî÷åé äëèíîé 120 ìì èç ñòàëè 40Õ, ðåçóëüòàòû êîòîðûõ

ïîçâîëèëè îïðåäåëèòü óïðóãèé ìîäóëü ñäâèãà ñ îòêëîíåíèåì ~2,5 % îò åãî ñïðàâî÷íîãî

çíà÷åíèÿ. Ïî îïûòíûì äàííûì ïîñòðîåíà äèàãðàììà êðó÷åíèÿ, íà îñíîâå êîòîðîé ïî

ôîðìóëå Ï. Ëþäâèêà ïîëó÷åíà äèàãðàììà ñäâèãà ô = ô(ã). Ýòà äèàãðàììà ïåðåñ÷èòàíà ñ

èñïîëüçîâàíèåì òåîðèè ïëàñòè÷íîñòè Ìèçåñà â êðèâóþ óïðî÷íåíèÿ ìàòåðèàëà ó = ó(e).

Ïîëó÷åííûå ìåõàíè÷åñêèå õàðàêòåðèñòèêè ïîçâîëÿþò ñäåëàòü âûâîä î äîñòàòî÷íîé

òî÷íîñòè èçìåðåíèÿ óãëîâûõ ïåðåìåùåíèé ñ ïîìîùüþ äàííîãî óãëîìåðà. Èñõîäÿ èç ýòî-

ãî, ðàçðàáîòàííûé óãëîìåð ìîæíî ðåêîìåíäîâàòü â êà÷åñòâå èñïûòàòåëüíîé òåõíèêè

äëÿ îïðåäåëåíèÿ ìåõàíè÷åñêèõ õàðàêòåðèñòèê ìàòåðèàëà â óñëîâèÿõ ñäâèãîâûõ äåôîð-

ìàöèé. Óãëîìåð äîñòàòî÷íî ïðîñò â èñïîëíåíèè è ïðè ýêñïëóàòàöèè.

Êëþ÷åâûå ñëîâà: óãëîìåð; óãëîâûå äåôîðìàöèè; ïëàñòè÷åñêîå êðó÷åíèå; êðóãëûå

îáðàçöû.
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Processing of metals by pressure suggests using of various measuring devices. We developed and man-

ufactured a device for measuring angular deformations upon elastic and plastic torsion of circular spec-

imens. The design is based on the operation principle of the planetary mechanism without a movable

solar central wheel. Design of the device is based on the Boyarshinov concept added with a round pro-

tractor with a graduated scale from 0 to 360° and rotating needle placed on the axis to indicate the an-

gular displacement. The use of the planetary gear significantly improves the accuracy of measuring the

angles of rotation of the cross sections of the sample relative to each other at a distance of the calcu-

lated length. To low the weight of the device, the main parts were made of aluminum alloy D16Ò.

Rated diameters of the central wheel and satellite are D1 = 220 mm, D3 = 20 mm, respectively; the

linkage module m = 1 mm; the number of teeth on the wheel and satellite is 220 and 20, respectively.

Laboratory tests of the device were carried out on a KM-50 torsional machine using a cylindrical sam-

ple with a diameter of 15 mm and a working length of 120 mm made of steel 40Kh. The results pro-

vided determination of the elastic shear modulus with a deviation of ~2.5% of the reference value. Ex-

perimental data were used to plot the torsion diagram and then to get shear diagram ô = ô(ã) accord-

ing to P. Ludwik’s formula. This diagram was transformed into the hardening curve ó = ó(e) using von

Mises theory of the plasticity. The obtained mechanical characteristics allowed us to draw a conclusion

on the essential accuracy of measuring angular displacements using the developed device. Thus, the
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developed and easy to use device can be recommended as testing equipment for determination of the

mechanical characteristics of materials under conditions of shear deformations.

Keywords: angle gage; angular deformation; elastic and plastic torsion; circular specimens.

Ñóùåñòâóþùèå êîíñòðóêöèè óãëîìåðîâ äëÿ ïðî-

âåäåíèÿ èñïûòàíèé íà êðó÷åíèå öèëèíäðè÷å-

ñêèõ îáðàçöîâ ìîãóò áûòü èñïîëüçîâàíû òîëüêî

äëÿ èçìåðåíèÿ óïðóãèõ ïåðåìåùåíèé. Îäíàêî

äëÿ èññëåäîâàíèé ñîïðîòèâëÿåìîñòè ìàòåðèàëîâ

ïëàñòè÷åñêîìó ñäâèãó î÷åíü ÷àñòî âîçíèêàåò íå-

îáõîäèìîñòü èçìåðåíèÿ íåóïðóãèõ êîíå÷íûõ äå-

ôîðìàöèé â öåëÿõ, íàïðèìåð, ïîñòðîåíèÿ äèà-

ãðàììû ñäâèãà èëè îöåíêè ýôôåêòà Áàóøèíãåðà

ïî ðåçóëüòàòàì èñïûòàíèé íà ðåâåðñèâíîå êðó-

÷åíèå. Ïðè ýòîì, êàê ïðàâèëî, çàêðó÷èâàþò êðóã-

ëûå îáðàçöû ñïëîøíîãî ñå÷åíèÿ, òàê êàê òîíêî-

ñòåííûå òðóáêè âñëåäñòâèå ïîòåðè óñòîé÷èâîñòè

äåôîðìèðîâàòü íà áîëüøèå îòíîñèòåëüíûå óãëû

íåëüçÿ.

Íåðåäêî â ëàáîðàòîðíîé ïðàêòèêå ïðè èñïû-

òàíèÿõ íà êðó÷åíèå óãëîâûå ïåðåìåùåíèÿ çàìå-

ðÿþò ñ òî÷íîñòüþ îòñ÷åòà â îäèí ãðàäóñ ïî òðàíñ-

ïîðòèðó êðóòèëüíîé ìàøèíû, óñòàíîâëåííîìó

íà íåé ñîîñíî ñ äåôîðìèðóåìûì îáðàçöîì. Ïðè

ýòîì îïðåäåëÿþò îòíîñèòåëüíûé ïîâîðîò ïîïå-

ðå÷íûõ ñå÷åíèé, ðàçäåëÿþùèõ ãîëîâêè îáðàçöà è

åãî ðàáî÷óþ ÷àñòü è îòñòîÿùèõ äðóã îò äðóãà íà

ðàññòîÿíèè ðàáî÷åé äëèíû lð. Â ñâÿçè ñ ïðîÿâëå-

íèåì êðàåâîãî ýôôåêòà ñîãëàñíî ïðèíöèïó Ñåí-

Âåíàíà ýòî óãëîâîå ïåðåìåùåíèå íå áóäåò òî÷íî

ñîîòâåòñòâîâàòü îòíîñèòåëüíîìó ïîâîðîòó ïîïå-

ðå÷íûõ ñå÷åíèé â îáðàçöå, ðàññòîÿíèå ìåæäó êî-

òîðûìè ðàâíî ðàñ÷åòíîé äëèíå l0. Ïîýòîìó äèà-

ãðàììû ñäâèãà èññëåäóåìûõ ìàòåðèàëîâ, ïîñòðî-

åííûå ïî óêàçàííûì äàííûì, áóäóò â êàêîé-òî

ìåðå îòëè÷àòüñÿ îò èñòèííûõ.

Â ðàáîòå ïðåäëàãàåòñÿ êîíñòðóêöèÿ óãëîìåðà

äëÿ èññëåäîâàíèÿ ïëàñòè÷åñêîãî êðó÷åíèÿ öè-

ëèíäðè÷åñêèõ îáðàçöîâ. Íà ðèñ. 1 ïðåäñòàâëåíû

ñõåìà (à) è ôîòîãðàôèÿ (á) óãëîìåðà, ïðåäñòàâ-

ëÿþùåãî ñîáîé ïëàíåòàðíóþ ïåðåäà÷ó.

Óãëîìåð âêëþ÷àåò êîëüöî 1, èçãîòîâëåííîå

êàê îäíî öåëîå ñ öåíòðàëüíûì êîëåñîì, èìåþ-

ùèì ðàñ÷åòíûé äèàìåòð D1. Ñ öåíòðàëüíûì êî-

ëåñîì ïî öèëèíäðè÷åñêîé ïîâåðõíîñòè äèàìåò-

ðîì D2 ïî ïîäâèæíîé ïîñàäêå ñîïðÿæåíî âîäèëî

2, èìåþùåå äâà æåñòêî ñêðåïëåííûõ ñ íèì â äèà-

ìåòðàëüíîì íàïðàâëåíèè êðîíøòåéíà 3, íà îä-

íîì èç êîòîðûõ ïàðàëëåëüíî îñè êîëüöà 1 óñòà-

íîâëåíà ïî íåïîäâèæíîé ïîñàäêå îñü 4. Ñàòåëëèò

5 ñ ðàñ÷åòíûì äèàìåòðîì D3 íåïîäâèæíî ñîåäè-

íåí ïî òîðöåâîé ïîâåðõíîñòè ñîîñíî ñ êðóãëûì

òðàíñïîðòèðîì 6, èìåþùèì øêàëó ñ öåíîé äåëå-

íèÿ â îäèí ãðàäóñ, è óñòàíîâëåí ïî ïîäâèæíîé

ïîñàäêå íà îñü 4. Íà ïîñëåäíåé ðàçìåùåí òàêæå

ïî ïîäâèæíîé ïîñàäêå ñ âîçìîæíîñòüþ ôèêñàöèè

óêàçàòåëü 7, ïðåäíàçíà÷åííûé äëÿ îòñ÷åòà óãëî-

âûõ ïåðåìåùåíèé ïî òðàíñïîðòèðó 6. Êîëüöî 8

ñîåäèíåíî ñ êðîíøòåéíîì 9, â îòâåðñòèå êîòîðîãî

âñòàâëåí ñ âîçìîæíîñòüþ çàêðåïëåíèÿ íà íåì ïà-

ðàëëåëüíî îñè îáðàçöà öèëèíäðè÷åñêèé øòîê 10.

Â öåëÿõ óâåëè÷åíèÿ ïåðåäàòî÷íîãî ÷èñëà, íå-

îáõîäèìîãî äëÿ ïîâûøåíèÿ òî÷íîñòè îïðåäåëå-

íèÿ äåôîðìàöèé ïðè çàêðó÷èâàíèè îáðàçöîâ,

òðàíñïîðòèð 6 çàêðåïëÿþò íà ñàòåëëèòå 5, à íå

íà öåíòðàëüíîì êîëåñå.

Ïðè ñáîðêå óãëîìåðà âíà÷àëå óñòàíàâëèâàþò

êîëüöà 1 è 8 ñîîñíî ñ èñïûòóåìûì îáðàçöîì â åãî

ïîïåðå÷íûõ ñå÷åíèÿõ, îòñòîÿùèõ äðóã îò äðóãà

íà ðàññòîÿíèè l0. Êîëüöà êðåïÿò òðåìÿ ââåðíóòû-

ìè â íèõ ïîä óãëîì 120° âèíòàìè 11 ñ îñòðûìè

êîíè÷åñêèìè êîíöàìè. Çàòåì øòîê 10 ñâîáîäíûì

êîíöîì âñòàâëÿþò â îòâåðñòèå âòîðîãî êðîí-
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Ðèñ. 1. Êîíñòðóêòèâíàÿ ñõåìà óãëîìåðà (à) è åãî âíåø-

íèé âèä: 1 — êîëüöî; 2 — âîäèëî; 3 — êðîíøòåéí; 4 —

îñü; 5 — ñàòåëëèò; 6 — òðàíñïîðòèð; 7 — óêàçàòåëü; 8 —

êîëüöî; 9 — âåðõíèé êðîíøòåéí; 10 — øòîê; 11 — âèíò

(Ì5); 12 — âèíò (Ì3); 13 — îáðàçåö



øòåéíà 3 äëÿ ðåàëèçàöèè êèíåìàòè÷åñêîé âçàè-

ìîñâÿçè êîëåö 1 è 8, îáðàçóþùèõ ñîâìåñòíî ñ âî-

äèëîì 2 è ñàòåëëèòîì 5 ïëàíåòàðíóþ ïåðåäà÷ó.

Äëÿ óïðîùåíèÿ ñîâìåñòíîé ñáîðêè êîëåö íà èñ-

ïûòóåìîì îáðàçöå â êðîíøòåéíå 3 äëÿ ñîåäèíå-

íèÿ åãî ñî øòîêîì 10 âûïîëíÿþò ñêâîçíîé ïàç,

âûòÿíóòûé â ðàäèàëüíîì íàïðàâëåíèè, øèðè-

íîé ìåíåå äèàìåòðà øòîêà; ñâîáîäíóþ êîíöåâóþ

÷àñòü øòîêà èçãîòàâëèâàþò â ôîðìå óñå÷åííîãî

êîíóñà. Çàçîð â îêðóæíîì íàïðàâëåíèè ìåæäó

áîêîâûìè ñòåíêàìè ïàçà â êðîíøòåéíå 3 è øòî-

êîì âûáèðàþò ïåðåìåùåíèåì ïîñëåäíåãî âäîëü

îñè îòâåðñòèÿ êðîíøòåéíà 9. Øòîê çàêðåïëÿþò â

êðîíøòåéíå ñ ïîìîùüþ âèíòà 12.

Ïðîñòåéøèé îäíîñòóïåí÷àòûé ïëàíåòàðíûé

ìåõàíèçì îáû÷íî ñîñòîèò èç äâóõ öåíòðàëüíûõ

êîëåñ — ïîäâèæíîãî (íàçûâàåìîãî ñîëíå÷íûì) è

íåïîäâèæíîãî, ñàòåëëèòà è âîäèëà. Íà ðèñ. 2, à

ïðèâåäåíà êèíåìàòè÷åñêàÿ ñõåìà òàêîãî ìåõà-

íèçìà, ïåðåäàòî÷íîå ÷èñëî êîòîðîãî ðàâíî îò-

íîøåíèþ óãëîâîé ñêîðîñòè ñîëíå÷íîãî êîëåñà ê

óãëîâîé ñêîðîñòè âîäèëà [1]. Ãàáàðèòíûå ðàç-

ìåðû äàííîãî ìåõàíèçìà â îñíîâíîì îïðåäåëÿ-

þòñÿ ðàñ÷åòíûì äèàìåòðîì íåïîäâèæíîãî öåí-

òðàëüíîãî êîëåñà. Ïðè åãî çàäàííûõ ïàðàìåòðàõ,

óìåíüøàÿ ðàçìåðû ïîäâèæíîãî öåíòðàëüíîãî êî-

ëåñà, ìîæíî óâåëè÷èòü ïåðåäàòî÷íîå ÷èñëî.

Äëÿ íîðìàëüíîé ðàáîòû ìåõàíèçìà òðåáóåòñÿ

âûñîêàÿ òî÷íîñòü èçãîòîâëåíèÿ åãî ýëåìåíòîâ è

èõ ñáîðêè. Ñëåäóåò îòìåòèòü, ÷òî ïðèìåíåíèå

ïëàíåòàðíîé ïåðåäà÷è äëÿ ïðîâåäåíèÿ èñïû-

òàíèé íà êðó÷åíèå ïðèâåëî áû ê ñóùåñòâåííîìó

óñëîæíåíèþ ýëåìåíòîâ êîíñòðóêöèè èç-çà íà-

ëè÷èÿ ñîëíå÷íîãî öåíòðàëüíîãî êîëåñà. Ïîýòîìó

ïðåèìóùåñòâî ïëàíåòàðíîãî ìåõàíèçìà, êàñàþ-

ùååñÿ ïîëó÷åíèÿ áîëüøîãî ïåðåäàòî÷íîãî ÷èñëà

ïðè åãî ìàëûõ ãàáàðèòàõ, ïðàêòè÷åñêè íåëüçÿ

áûëî áû èñïîëüçîâàòü äëÿ ïîâûøåíèÿ òî÷íîñòè

èçìåðåíèÿ óãëîâûõ ïåðåìåùåíèé. Â ñâÿçè ñ ýòèì

â óãëîìåðå, ïðåäñòàâëåííîì íà ðèñ. 1, ðàññìàòðè-

âàåòñÿ ïëàíåòàðíàÿ ïåðåäà÷à áåç ñîëíå÷íîãî öåí-

òðàëüíîãî êîëåñà. Ïðè ýòîì êèíåìàòè÷åñêàÿ öåïü

ïåðåäà÷è ñîêðàùàåòñÿ íà îäíó ñòóïåíü, çíà÷è-

òåëüíî óïðîùàåòñÿ êîíñòðóêöèÿ óãëîìåðà, ïî-

ñêîëüêó íå òðåáóåòñÿ îòíîñèòåëüíî âûñîêàÿ òî÷-

íîñòü èçãîòîâëåíèÿ åãî ýëåìåíòîâ è èõ ñáîðêè íà

èñïûòóåìîì îáðàçöå. Ýòî ÿâëÿåòñÿ ñóùåñòâåí-

íûì ôàêòîðîì, îáåñïå÷èâàþùèì äîñòàòî÷íóþ

ïðîñòîòó è òî÷íîñòü èçìåðåíèÿ ïåðåìåùåíèé

ïðè èñïûòàíèÿõ íà êðó÷åíèå. Êèíåìàòè÷åñêàÿ

ñõåìà ðàññìàòðèâàåìîãî óñòðîéñòâà ïðåäñòàâëå-

íà íà ðèñ. 2, á. Â äàííîì ñëó÷àå ïåðåäàòî÷íîå

÷èñëî

i23 = ù2/ù3, (1)

ãäå ù2 è ù3 — ñîîòâåòñòâåííî óãëîâûå ñêîðîñòè

ñàòåëëèòà è âîäèëà.

Îáðàçåö 13 â ñáîðå ñ óãëîìåðîì (ñì. ðèñ. 1) óñ-

òàíàâëèâàåòñÿ ãîëîâêàìè â çàõâàòû èñïûòàòåëü-

íîé ìàøèíû è íàãðóæàåòñÿ ìîìåíòîì M. Ïðè åãî

çàêðó÷èâàíèè êîëüöî 8 ñ êðîíøòåéíîì 9, øòîêîì

10 è ñîåäèíåííîå ñ íèì ÷åðåç êðîíøòåéí 3 âîäè-

ëî 2 áóäóò ïîâîðà÷èâàòüñÿ îòíîñèòåëüíî êîëüöà

1. Áëàãîäàðÿ íàëè÷èþ ïëàíåòàðíîé ïåðåäà÷è ñà-

òåëëèò 5, âðàùàÿñü íà îñè 4, áóäåò îáêàòûâàòüñÿ

ïî ñîïðÿãàåìîé ñ íèì ðàñ÷åòíîé ïîâåðõíîñòè

öåíòðàëüíîãî êîëåñà. Çàîäíî ñ ñàòåëëèòîì ïîâåð-

íåòñÿ òàêæå è òðàíñïîðòèð 6 íà ñîîòâåòñòâóþ-

ùèé óãîë, êîòîðûé îòñ÷èòûâàåòñÿ ïî óêàçàòåëþ

7. Âçàèìíûé ïîâîðîò ïîïåðå÷íûõ ñå÷åíèé çàêðó-

÷èâàåìîãî îáðàçöà, â êîòîðûõ êðåïÿòñÿ êîëüöà 1

è 8, îïðåäåëÿåòñÿ ñ ó÷åòîì íåïîäâèæíîñòè îäíîãî

èç íèõ îòíîñèòåëüíî äðóãîãî ïî ôîðìóëå

ö = ö1/i23, (2)

ãäå ö1 — èçìåðåííûé ïî òðàíñïîðòèðó óãîë â

ãðàäóñàõ. Ïðèíèìàÿ âî âíèìàíèå òî îáñòîÿòåëü-

ñòâî, ÷òî çà îäèí îáîðîò âîäèëà ñàòåëëèò äîëæåí

ïîëíîñòüþ îáêàòàòü öåíòðàëüíîå êîëåñî ïî ñî-

ïðÿãàåìîé ñ íèì ðàñ÷åòíîé öèëèíäðè÷åñêîé ïî-

âåðõíîñòè è ñîâåðøèòü ïðè ýòîì D1/D3 îáîðîòîâ,

à òàêæå ó÷èòûâàÿ (2), ìîæíî çàïèñàòü äàííîå âû-

ðàæåíèå â âèäå

ö = ö1D3/D1. (3)

Äëÿ ïðîâåäåíèÿ èñïûòàíèé äëÿ óãëîìåðà

áûëà èçãîòîâëåíà ïëàíåòàðíàÿ çóá÷àòàÿ ïåðå-

äà÷à ñ âíóòðåííèì çàöåïëåíèåì, õàðàêòåðèçó-

åìàÿ ñëåäóþùèìè êèíåìàòè÷åñêèìè ïàðàìå-

òðàìè: íîìèíàëüíûå äèàìåòðû äåëèòåëüíûõ îê-

ðóæíîñòåé öåíòðàëüíîãî êîëåñà è ñàòåëëèòà —

D1 = 220 ìì, D3 = 20 ìì; ìîäóëü çàöåïëåíèÿ

m = 1 ìì; ÷èñëî çóáüåâ íà êîëåñå — 220, à íà ñà-

òåëëèòå — 20. Íîìèíàëüíûé äèàìåòð D2 ñîïðÿ-

ãàåìûõ öèëèíäðè÷åñêèõ ïîâåðõíîñòåé âîäèëà è
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Ðèñ. 2. Êèíåìàòè÷åñêèå ñõåìû èñõîäíîãî (à) è ïðåäëà-

ãàåìîãî (á) ïëàíåòàðíîãî ìåõàíèçìà: 1 — ïîäâèæíîå öåí-

òðàëüíîå êîëåñî; 2 — ñàòåëëèò; 3 — âîäèëî; 4 — íåïî-

äâèæíîå öåíòðàëüíîå êîëåñî



êîëåñà ïðèíÿò ðàâíûì 70 ìì. Âñå îñíîâíûå äåòà-

ëè óãëîìåðà â öåëÿõ óìåíüøåíèÿ åãî âåñà èçãî-

òàâëèâàëè èç àëþìèíèåâîãî ñïëàâà Ä16Ò. Îïû-

òû ïðîâîäèëè íà êðóòèëüíîé ìàøèíå ÊÌ-50 çà-

êðó÷èâàíèåì îáðàçöà èç ñòàëè 40Õ äèàìåòðîì

15 ìì è ðàáî÷åé äëèíîé lð = 120 ìì. Ïðè ýòîì

êîëüöà 1 è 8 êðåïèëè òðåìÿ çàêàëåííûìè ñòàëü-

íûìè âèíòàìè Ì6 íà îáðàçöå â ïîïåðå÷íûõ ñå-

÷åíèÿõ, îòñòîÿùèõ äðóã îò äðóãà íà ðàññòîÿíèè

l0 = 80 ìì.

Äëÿ ïðîâåðêè òî÷íîñòè èçìåðåíèÿ óïðóãèõ

óãëîâûõ ïåðåìåùåíèé ñ ïîìîùüþ ïðåäëàãàåìîãî

óãëîìåðà îïðåäåëÿëè ïî äàííûì îïûòà ìîäóëü

ñäâèãà, çíà÷åíèå êîòîðîãî äëÿ èññëåäîâàííîé

ñòàëè ñîñòàâèëî 7,8 · 104 ÌÏà, ÷òî ìåíüøå ñïðà-

âî÷íîãî çíà÷åíèÿ (8 · 104 ÌÏà) íà 2,5 %. Â öåëÿõ

ïðîâåðêè äîñòîâåðíîñòè ïîëó÷åííûõ ýêñïåðè-

ìåíòàëüíûõ äàííûõ áûëè ñîïîñòàâëåíû òàêæå

ïëàñòè÷åñêèå äåôîðìàöèè ñäâèãà ã íà ðàáî÷åé

ïîâåðõíîñòè îáðàçöà ïîñëå ïîëíîé åãî ðàçãðóçêè,

îïðåäåëåííûå ñ ïîìîùüþ óãëîìåðà è ðàññ÷èòàí-

íûå ïî ôîðìóëå

ã = tg î, (4)

ãäå î — èçìåðåííûé íà èíñòðóìåíòàëüíîì ìèê-

ðîñêîïå ÁÌÈ-1 óãîë ìåæäó ðèñêîé (øèðèíîé è

ãëóáèíîé ~20 ìêì), íàíåñåííîé äî íàãðóæåíèÿ

íà ðàáî÷óþ ïîâåðõíîñòü îáðàçöà ïàðàëëåëüíî åãî

îñè, è ïîñëåäíåé. Ðàñ÷åò ñäâèãîâîé äåôîðìàöèè

ïî äàííûì, ïîëó÷åííûì ñ ïîìîùüþ ïðåäëàãàå-

ìîãî óãëîìåðà, ïðîâîäèëè ïî ôîðìóëå

ã = ðöd/360l0, (5)

ãäå d — äèàìåòð îáðàçöà; ö — óãîë, îïðåäåëåí-

íûé ïî ôîðìóëå (4).

Íà ðèñ. 3 ïðèâåäåíà äèàãðàììà ñäâèãà

ô = ô(ã) (1), ïîñòðîåííàÿ ïî ðåçóëüòàòàì äèôôå-

ðåíöèðîâàíèÿ äèàãðàììû êðó÷åíèÿ M = M(ã) ñî-

ãëàñíî ôîðìóëå Ï. Ëþäâèêà [2]. Çäåñü æå ïðåä-

ñòàâëåíà êðèâàÿ óïðî÷íåíèÿ ó = ó(e) (2), ïîñòðî-

åííàÿ ñ ó÷åòîì ñîîòíîøåíèé òåîðèè ïëàñòè÷-

íîñòè [3]

" �� 3 ; e � � 3 . (6)

Òàêèì îáðàçîì, ïðèâåäåííûå ýêñïåðèìåí-

òàëüíûå äàííûå ïîçâîëÿþò ñäåëàòü âûâîä î äîñ-

òàòî÷íî âûñîêîé òî÷íîñòè èçìåðåíèÿ óãëîâûõ

ïåðåìåùåíèé ñ ïîìîùüþ ðàññìîòðåííîãî óãëîìå-

ðà êàê ïðè óïðóãèõ, òàê è ïðè ïëàñòè÷åñêèõ äå-

ôîðìàöèÿõ. Â ñâÿçè ñ ýòèì óãëîìåð ðåêîìåíäî-

âàí ê ïðèìåíåíèþ ïðè èñïûòàíèÿõ êðóãëûõ îá-

ðàçöîâ íà êðó÷åíèå.

Ðàçðàáîòàííàÿ êîíñòðóêöèÿ óãëîìåðà äëÿ çà-

ìåðà óãëîâûõ äåôîðìàöèé ïðè ïëàñòè÷åñêîì

êðó÷åíèè êðóãëûõ îáðàçöîâ ïîçâîëÿåò îïðåäå-

ëÿòü îñíîâíóþ õàðàêòåðèñòèêó ïîäâåðãàåìûõ

ïëàñòè÷åñêîé îáðàáîòêå äàâëåíèåì ìåòàëëîâ —

êðèâóþ óïðî÷íåíèÿ.
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Ðèñ. 3. Äèàãðàììà ñäâèãà (1) è êðèâàÿ óïðî÷íåíèÿ (2)




