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Ïðîâåäåííîå èññëåäîâàíèå ïîêàçàëî, ÷òî ïðè îïåðåæàþùåì ïîâåðõíîñòíîì ïëàñòè÷å-

ñêîì äåôîðìèðîâàíèè ãëàäêèõ îáðàçöîâ óâåëè÷åíèå ãëóáèíû ñëîÿ ñî ñæèìàþùèìè

îñòàòî÷íûìè íàïðÿæåíèÿìè ïðèâîäèò ê ïîâûøåíèþ ïðåäåëà âûíîñëèâîñòè îáðàçöîâ ñ

íàäðåçàìè çà ñ÷åò óâåëè÷åíèÿ ñæèìàþùèõ îñòàòî÷íûõ íàïðÿæåíèé â èõ îïàñíîì ñå÷å-

íèè. Èññëåäîâàíèÿ ïðîâîäèëè íà îáðàçöàõ äèàìåòðàìè D, ðàâíûìè 10, 25 ìì, à òàêæå

äèàìåòðîì D = 25 ìì ñ îòâåðñòèåì d = 15 ìì, êîòîðûå ïîäâåðãàëè ïíåâìîäðîáåñòðóé-

íîé îáðàáîòêå è îáêàòêå ðîëèêîì. Îñòàòî÷íûå íàïðÿæåíèÿ â ãëàäêèõ îáðàçöàõ îïðåäå-

ëÿëè ìåõàíè÷åñêèì ìåòîäîì. Íà óïðî÷íåííûå ãëàäêèå îáðàçöû ôàñîííûì ðåçöîì íàíî-

ñèëèñü êðóãîâûå íàäðåçû ðàäèóñîì R, ðàâíûì 0,3 è 0,5 ìì. Îñòàòî÷íûå íàïðÿæåíèÿ â

îáðàçöàõ ñ íàäðåçàìè íàõîäèëè ÷èñëåííûì ìåòîäîì ïóòåì ðàñ÷åòà ïåðåðàñïðåäåëåíèÿ

îñòàòî÷íûõ íàïðÿæåíèé ïðè íàíåñåíèè íàäðåçà. Ñ óâåëè÷åíèåì äèàìåòðà îáðàçöîâ ïðè

îäíîé è òîé æå óïðî÷íÿþùåé ïîâåðõíîñòíîé îáðàáîòêå ãëóáèíà ñëîÿ ñî ñæèìàþùèìè

îñòàòî÷íûìè íàïðÿæåíèÿìè âîçðàñòàåò çà ñ÷åò ïîâûøåíèÿ æåñòêîñòè îáðàçöîâ. Îöåí-

êó âëèÿíèÿ ïîâåðõíîñòíîãî óïðî÷íåíèÿ íà ïðåäåë âûíîñëèâîñòè îáðàçöîâ ñ íàäðåçàìè

ïðîâîäèëè ïî êðèòåðèþ ñðåäíåèíòåãðàëüíûõ îñòàòî÷íûõ íàïðÿæåíèé, êîòîðûé ó÷èòû-

âàåò êàê èõ âåëè÷èíó, òàê è ïîëíîòó ýïþðû îñòàòî÷íûõ íàïðÿæåíèé. Äàííûé êðèòåðèé

âû÷èñëÿëè ïî ãëóáèíå íåðàñïðîñòðàíÿþùåéñÿ òðåùèíû óñòàëîñòè, êîòîðàÿ âîçíèêàåò â

ïîâåðõíîñòíîì ñëîå îïàñíîãî ñå÷åíèÿ îáðàçöà ïðè èñïûòàíèè íà óñòàëîñòü íà ïðåäåëå

âûíîñëèâîñòè. Èñïûòàíèÿ íà óñòàëîñòü ïðîâîäèëè â ñëó÷àå ñèììåòðè÷íîãî öèêëà, áàçà

èñïûòàíèé — 3 · 106 öèêëîâ íàãðóæåíèÿ. Îöåíêà ïðèðàùåíèÿ ïðåäåëà âûíîñëèâîñòè

ïîâåðõíîñòíî-óïðî÷íåííûõ öèëèíäðè÷åñêèõ îáðàçöîâ ñ êðóãîâûìè íàäðåçàìè ïîëó-

êðóãëîãî ïðîôèëÿ äàëà ïðèåìëåìûå äëÿ ïðàêòèêè ðåçóëüòàòû. Èñïîëüçîâàíèå ïðåäëî-

æåííîãî ñïîñîáà ïîçâîëèò çíà÷èòåëüíî ñîêðàòèòü äëèòåëüíûå è äîðîãîñòîÿùèå èñïûòà-

íèÿ íà óñòàëîñòü.

Êëþ÷åâûå ñëîâà: äåòàëè ðàçëè÷íîãî äèàìåòðà; ïîâåðõíîñòíîå óïðî÷íåíèå; ïðåäåë

âûíîñëèâîñòè; êðèòåðèé ñðåäíåèíòåãðàëüíûõ îñòàòî÷íûõ íàïðÿæåíèé.
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It is shown that, growth of the layer with compressive residual stresses at advanced surface plastic de-

formation of smooth samples leads to an increase in the endurance limit of the notched specimens due

to an increase in the compressive residual stresses in their dangerous section. The study was conducted

on the specimens with outer diameter D equal to 10 and 25 mm and on a 25 mm specimen with inner

diameter d = 15 mm which were subjected to air shot blasting and roll-in. Residual stresses in smooth

specimens were determined by the mechanical method. Circular incisions (R = 0.3 and 0.5 mm) were

applied on hardened smooth samples with a shaped cutter. Residual stresses in notched specimens

were determined by a numerical method calculating the redistribution of the residual stresses upon

the incision. As the diameter of the samples increases with the same strengthening surface treatment,
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the depth of the layer with the compressive residual stresses increases due to an increase in the rigidity

of the samples. The effect of surface hardening on the endurance limit of notched specimens was evalu-

ated according to the criterion of the average integral residual stresses, which takes into account both

the magnitude and completeness of the residual stresses. This criterion was calculated from the depth

of the non-propagating fatigue crack that occurs in the surface layer in the dangerous section of the

specimen during the fatigue test at the limit endurance. Fatigue tests are carried out in symmetrical

cycle, the test base being 3 × 106 cycles of loading. Estimation of the increment of the limit endurance

of surface-hardened cylindrical specimens with semicircular notches gave the results acceptable for

practice. The use of the proposed method can significantly reduce long-term and expensive fatigue

tests.

Keywords: details of different diameter; surface hardening; limit endurance; criterion of the average

integral residual stresses.

Â ïðàêòèêå ñîâðåìåííîãî ìàøèíîñòðîåíèÿ äëÿ

ïîâûøåíèÿ íàäåæíîñòè è ðåñóðñà äåòàëåé ìåõà-

íèçìîâ è ìàøèí ïðè èõ ôèíèøíîé îáðàáîòêå

øèðîêî ïðèìåíÿþò ìåòîäû ïîâåðõíîñòíîãî ïëà-

ñòè÷åñêîãî äåôîðìèðîâàíèÿ (ÏÏÄ), êîòîðûå

ïðèâîäÿò ê ñóùåñòâåííîìó ïîâûøåíèþ ñîïðî-

òèâëåíèÿ óñòàëîñòè.

Ïðè ýòîì â êàæäîì êîíêðåòíîì ñëó÷àå íåîá-

õîäèìî íàçíà÷àòü îïòèìàëüíûå ïî õàðàêòåðè-

ñòèêàì ñîïðîòèâëåíèÿ óñòàëîñòè äåòàëè ìåòîäû

è ðåæèìû ÏÏÄ. Ïðîâåäåííûå ê íàñòîÿùåìó âðå-

ìåíè ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ [1 – 8]

ïîêàçûâàþò, ÷òî ýôôåêòèâíîñòü îáðàáîòêè ÏÏÄ

çàâèñèò îò âåëè÷èíû è õàðàêòåðà ðàñïðåäåëåíèÿ

ñæèìàþùèõ îñòàòî÷íûõ íàïðÿæåíèé â óïðî÷-

íåííîì ïîâåðõíîñòíîì ñëîå äåòàëåé.

Ïîýòîìó îïòèìàëüíûå ìåòîäû è ðåæèìû

ÏÏÄ äëÿ êîíêðåòíîé äåòàëè ìîæíî íàçíà÷èòü ïî

ðåçóëüòàòàì èññëåäîâàíèÿ ðàñïðåäåëåíèÿ îñòà-

òî÷íûõ íàïðÿæåíèé ïî ãëóáèíå óïðî÷íåííîãî

ñëîÿ åå îïàñíîãî ñå÷åíèÿ.

Èññëåäîâàëè âëèÿíèå ãëóáèíû óïðî÷íåííîãî

ïîâåðõíîñòíîãî ñëîÿ ïðè îïåðåæàþùåì ïîâåðõ-

íîñòíîì ïëàñòè÷åñêîì äåôîðìèðîâàíèè (ÎÏÏÄ)

íà ïðåäåë âûíîñëèâîñòè îáðàçöîâ èç ñòàëè 20

(óâ = 522 ÌÏà, ä = 26,1 %, ó0,2 = 395 ÌÏà, ø =

= 65,9 %, Sk = 1416 ÌÏà) â óñëîâèÿõ êîíöåíòðà-

öèè íàïðÿæåíèé (ðèñ. 1).

Äëÿ ñîçäàíèÿ óïðî÷íåííîãî ñëîÿ ðàçëè÷íîé

ãëóáèíû ãëàäêèå îáðàçöû äèàìåòðàìè D, ðàâ-

íûìè 10, 25 ìì, à òàêæå D = 25 ìì ñ îòâåðñòèåì

äèàìåòðîì d = 15 ìì ïîäâåðãàëè ïíåâìîäðîáå-

ñòðóéíîé îáðàáîòêå (ÏÄÎ) äðîáüþ äèàìåòðîì

1,5 – 2,5 ìì ïðè äàâëåíèè âîçäóõà 0,28 ÌÏà â òå-

÷åíèå 10 ìèí è îáêàòêå ðîëèêîì (ÎÐ) äèàìåòðîì

60 ìì è ïðîôèëüíûì ðàäèóñîì 1,6 ìì ïðè óñèëè-

ÿõ P, ðàâíûõ 0,5 êÍ (ÎÐ1) è 1,0 êÍ (ÎÐ2) ñ ïîäà-

÷åé 0,11 ìì/îá è ñêîðîñòüþ âðàùåíèÿ îáðàçöà

400 îá/ìèí.

Îñòàòî÷íûå íàïðÿæåíèÿ â ãëàäêèõ îáðàçöàõ

îïðåäåëÿëè ìåòîäîì óäàëåíèÿ ÷àñòè öèëèíäðè-

÷åñêîé ïîâåðõíîñòè [9] (D = 10 ìì), à òàêæå ìå-

òîäîì êîëåö è ïîëîñîê [10]. Ðàñïðåäåëåíèå îñå-

âûõ óz îñòàòî÷íûõ íàïðÿæåíèé ïî ãëóáèíå a

óïðî÷íåííîãî ïîâåðõíîñòíîãî ñëîÿ ãëàäêèõ îá-

ðàçöîâ ïîêàçàíî íà ðèñ. 2. Èç ïðèâåäåííûõ íà

íåì ýïþð îñòàòî÷íûõ íàïðÿæåíèé ìîæíî âèäåòü,

÷òî â îáðàçöàõ äèàìåòðîì D = 25 ìì ñæèìàþùèå

îñòàòî÷íûå íàïðÿæåíèÿ è ãëóáèíà èõ çàëåãàíèÿ

íåñêîëüêî âûøå, ÷åì â îáðàçöàõ äèàìåòðîì

D = 10 ìì, çà ñ÷åò ïîâûøåíèÿ æåñòêîñòè îáðàç-

öîâ ñ óâåëè÷åíèåì äèàìåòðà.

Ìàêñèìàëüíûå ñæèìàþùèå îñòàòî÷íûå íà-

ïðÿæåíèÿ ïîñëå èñïîëüçîâàíèÿ ìåòîäîâ ïîâåðõ-

íîñòíîãî óïðî÷íåíèÿ ðàçëè÷àþòñÿ íåçíà÷èòåëü-

íî, ñîñòàâëÿÿ ïîñëå ïíåâìîäðîáåñòðóéíîé îáðà-

áîòêè – 338 ÌÏà (D = 10 ìì) è – 342 ÌÏà (D =

= 25 ìì), à ïîñëå îáêàòêè ðîëèêîì — – 362 ÌÏà

(D = 10 ìì) è – 364 ÌÏà (D = 25 ìì).

Îäíàêî ãëóáèíà ñëîÿ ñî ñæèìàþùèìè îñòà-

òî÷íûìè íàïðÿæåíèÿìè (ãëóáèíà óïðî÷íåííîãî

ñëîÿ) ðàçëè÷àåòñÿ ñóùåñòâåííî: ïîñëå ÏÄÎ —

0,29 ìì (D = 10 ìì) è 0,33 ìì (D = 25 ìì); ïîñëå

ÎÐ ïðè P = 0,5 êÍ — 0,48 ìì (D = 10 ìì)

è 0,52 ìì (D = 25 ìì), à ïîñëå ÎÐ ïðè P =

= 1,0 êÍ — 0,69 ìì (D = 10 ìì) è 0,71 ìì

(D = 25 ìì). Ñëåäîâàòåëüíî, ãëóáèíà óïðî÷íåí-

íîãî ñëîÿ ñî ñæèìàþùèìè îñòàòî÷íûìè íàïðÿ-

æåíèÿìè ïîñëå îáêàòêè ðîëèêîì ïðè P = 1,0 êÍ
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Ðèñ. 1. Öèëèíäðè÷åñêèé îáðàçåö ñ íàäðåçîì è íåðàñïðî-

ñòðàíÿþùàÿñÿ òðåùèíà óñòàëîñòè



ïðåâûøàåò ñîîòâåòñòâóþùóþ ãëóáèíó ñëîÿ ïîñëå

ïíåâìîäðîáåñòðóéíîé îáðàáîòêè â 2,2 – 2,4 ðàçà.

Ñëåäóåò îòìåòèòü, ÷òî ñæèìàþùèå îñòàòî÷-

íûå íàïðÿæåíèÿ â ãëàäêèõ îáðàçöàõ äèàìåòðîì

D = 10 ìì è â îáðàçöàõ äèàìåòðîì D = 25 ìì

ñ îòâåðñòèåì d = 15 ìì ïîñëå îäíîé è òîé æå

óïðî÷íÿþùåé îáðàáîòêè áûëè ïðàêòè÷åñêè îäè-

íàêîâûìè, ïðè÷åì ðàçëè÷èå ïîñëå ÏÄÎ áûëî

çíà÷èòåëüíî ìåíüøå, ÷åì ïîñëå ÎÐ. Òàêîå ñîâïà-

äåíèå ðàñïðåäåëåíèé ñæèìàþùèõ îñòàòî÷íûõ

íàïðÿæåíèé ïî ãëóáèíå ïîâåðõíîñòíîãî ñëîÿ äëÿ

öèëèíäðè÷åñêèõ ñïëîøíûõ îáðàçöîâ ðàçëè÷íîãî

äèàìåòðà ñ îòâåðñòèåì â ñëó÷àå, êîãäà óäâîåííàÿ

ãëóáèíà ñòåíêè ðàâíà äèàìåòðó ãëàäêîãî îáðàç-

öà, îïèñàíî â ðàáîòàõ [11, 12].

Íà âñå íåóïðî÷íåííûå è óïðî÷íåííûå ãëàä-

êèå îáðàçöû ôàñîííûì ðåçöîì íàíîñèëè êðóãî-

âûå íàäðåçû ïîëóêðóãëîãî ïðîôèëÿ ðàäèóñàìè

R, ðàâíûìè 0,3 è 0,5 ìì. Îñòàòî÷íûå íàïðÿæå-

íèÿ â óïðî÷íåííûõ îáðàçöàõ ñ íàäðåçàìè îïðåäå-

ëÿëè êàê àíàëèòè÷åñêè, òàê è ÷èñëåííûì ìåòî-

äîì — ïóòåì ðàñ÷åòà ïåðåðàñïðåäåëåíèÿ îñòà-

òî÷íûõ íàïðÿæåíèé, îáóñëîâëåííîãî íàíåñåíèåì

íàäðåçîâ [13]. Ðàñïðåäåëåíèå îñåâûõ óz îñòàòî÷-

íûõ íàïðÿæåíèé ïî ãëóáèíå a ïîâåðõíîñòíîãî

ñëîÿ íàèìåíüøåãî ñå÷åíèÿ îáðàçöîâ ñ íàäðåçàìè

ïðèâåäåíî íà ðèñ. 3. Âèäíî, ÷òî â óïðî÷íåííûõ

ðîëèêîì îáðàçöàõ ñ íàäðåçàìè ñæèìàþùèå îñòà-

òî÷íûå íàïðÿæåíèÿ ñóùåñòâåííî âûøå êàê íà

ïîâåðõíîñòè, òàê è ïî ãëóáèíå ïîâåðõíîñòíîãî

ñëîÿ íàèìåíüøåãî ñå÷åíèÿ, ÷åì â îáðàçöàõ,
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à

á

Ðèñ. 2. Ðàñïðåäåëåíèÿ îñåâûõ ó
z

îñòàòî÷íûõ íàïðÿæå-

íèé â ãëàäêèõ îáðàçöàõ äèàìåòðàìè D, ðàâíûìè 10 ìì,

25 ìì ñ îòâåðñòèåì d = 15 ìì (à) è 25 ìì (á): 1 — ÏÄÎ;

2 — ÎÐ1; 3 — ÎÐ2

Ðåçóëüòàòû èñïûòàíèé íà óñòàëîñòü îáðàçöîâ ñ íàäðåçàìè

D, ìì d, ìì R, ìì

Íåóïðî÷íåííûå îáðàçöû Óïðî÷íåííûå îáðàçöû

ó
–1

, ÌÏà Îáðàáîòêà ó
–1

, ÌÏà �îñò
, ÌÏà �

�

10 0 0,3 110 ÏÄÎ 155 –126 0,357

OP1 230 –337 0,356

ÎÐ2 267,5 –454 0,347

0,5 120 ÏÄÎ 137,5 –48 0,365

OP1 187,5 –178 0,379

ÎÐ2 250 –333 0,390

25 0 0,3 107,5 ÏÄÎ 137,5 –87 0,345

OP1 165 –171 0,336

ÎÐ2 175 –202 0,334

0,5 112,5 ÏÄÎ 130 –52 0,337

OP1 150 –111 0,338

ÎÐ2 172,5 –169 0,355

25 15 0,3 95 ÏÄÎ 127,5 –88 0,368

OP1 155 –181 0,331

ÎÐ2 177,5 –248 0,333

0,5 110 ÏÄÎ 127,5 –47 0,372

OP1 152,5 –128 0,332

ÎÐ2 182,5 –218 0,333



óïðî÷íåííûõ ïíåâìîäðîáåñòðóéíîé îáðàáîòêîé.

Íàáëþäàåìîå ðàçëè÷èå â ðàñïðåäåëåíèè îñòàòî÷-

íûõ íàïðÿæåíèé îáðàçöîâ ñ íàäðåçàìè îáóñëîâ-

ëåíî òåì, ÷òî ãëóáèíà óïðî÷íåííîãî ïîâåðõíîñò-

íîãî ñëîÿ ãëàäêèõ îáðàçöîâ ïîñëå îáêàòêè ðîëè-

êîì áîëüøå, ÷åì ïîñëå ïíåâìîäðîáåñòðóéíîé îá-

ðàáîòêè (ñì. ðèñ. 2).

Èñïûòàíèÿ íà óñòàëîñòü ïðè èçãèáå â ñëó÷àå

ñèììåòðè÷íîãî öèêëà îáðàçöîâ ñ íàäðåçàìè äèà-

ìåòðîì D = 10 ìì ïðîâîäèëè íà ìàøèíå

ÌÓÈ-6000, äèàìåòðîì D = 25 ìì — íà ìàøèíå

ÓÌÌ-01 [14]; áàçà èñïûòàíèé — 3 · 106 öèêëîâ

íàãðóæåíèÿ. Ðåçóëüòàòû îïðåäåëåíèÿ ïðåäåëà

âûíîñëèâîñòè ó–1 ïðèâåäåíû â òàáëèöå.

Èç íåå ñëåäóåò, ÷òî ïðåäåë âûíîñëèâîñòè îá-

ðàçöîâ ñ íàäðåçàìè ïîñëå îáêàòêè ðîëèêîì ñóùå-

ñòâåííî âûøå, ÷åì ïîñëå ïíåâìîäðîáåñòðóéíîé

îáðàáîòêè. Ïðè ðàäèóñå íàäðåçà R = 0,3 ìì ïðå-

äåë âûíîñëèâîñòè ó–1 îáðàçöîâ ïîñëå ÎÐ2 ïîâû-

ñèëñÿ â 2,4 (D = 10 ìì) è â 1,6 (D = 25 ìì) ðàçà,

à ïîñëå ÏÄÎ òîëüêî â 1,4 (D = 10 ìì) è â 1,3

(D = 25 ìì) ðàçà.

Ñ óâåëè÷åíèåì ðàäèóñà íàäðåçà äî 0,5 ìì ýòî

ðàçëè÷èå âîçðàñòàåò. Ñëåäîâàòåëüíî, ñ óâåëè÷å-

íèåì ãëóáèíû óïðî÷íåííîãî ïîâåðõíîñòíîãî ñëîÿ

(ãëóáèíû ñëîÿ ñî ñæèìàþùèìè îñòàòî÷íûìè íà-

ïðÿæåíèÿìè) ãëàäêèõ îáðàçöîâ ïðè ÎÏÏÄ ïðå-

äåë âûíîñëèâîñòè îáðàçöîâ ñ íàäðåçàìè, íà-

íåñåííûìè íà ýòè ãëàäêèå îáðàçöû, ïîâûøàåòñÿ.

Â óïðî÷íåííûõ îáðàçöàõ ïîñëå èñïûòàíèé íà

óñòàëîñòü îáíàðóæåíû íåðàñïðîñòðàíÿþùèåñÿ

òðåùèíû óñòàëîñòè, êîòîðûå äëÿ îáðàçöîâ äèà-

ìåòðîì D = 10 ìì èìåëè êîíöåíòðè÷åñêóþ,

à äëÿ îáðàçöîâ äèàìåòðàìè D = 25 ìì è D/d =

= 25 ìì/15 ìì — ñåðïîâèäíóþ ôîðìó.

Êîíöåíòðè÷åñêàÿ ôîðìà íåðàñïðîñòðàíÿ-

þùåéñÿ òðåùèíû îáúÿñíÿåòñÿ òåì, ÷òî èñïû-

òàíèÿ îáðàçöîâ äèàìåòðîì D = 10 ìì ïðîâîäèëè

ïðè èçãèáå ñ âðàùåíèåì, äèàìåòðàìè D = 25 ìì

è D/d = 25 ìì/15 ìì — ïðè èçãèáå â îäíîé ïëîñ-

êîñòè.

Íà ðèñ. 4 ïðåäñòàâëåíû ôîòîãðàôèè èçëîìîâ

îáðàçöîâ äèàìåòðîì D = 10 ìì (à) è äèàìåòðîì

D/d = 25 ìì/15 ìì (á), íà êîòîðûõ âèäíû íåðàñ-

ïðîñòðàíÿþùèåñÿ òðåùèíû óñòàëîñòè 2. Â îáðàç-

öàõ ðàçëè÷íûõ äèàìåòðîâ, èñïûòàííûõ ïðè

íàïðÿæåíèÿõ, ðàâíûõ ïðåäåëó âûíîñëèâîñòè,

ñðåäíÿÿ êðèòè÷åñêàÿ ãëóáèíà (têð) òðåùèí ñóùå-

ñòâåííî îòëè÷àëàñü: ïðè D = 10 ìì — têð =

= 0,201 ìì (R = 0,3 ìì) è têð = 0,197 ìì (R =

= 0,5 ìì); ïðè D = 25 ìì — têð = 0,525 ìì (R =

= 0,3 ìì) è têð = 0,523 ìì (R = 0,5 ìì); ïðè

D/d = 25 ìì/15 ìì — têð = 0,446 ìì (R = 0,3 ìì)

è têð = 0,442 ìì (R = 0,5). Ýòî ñîîòâåòñòâóåò äàí-

íûì ðàáîòû [5] î çàâèñèìîñòè têð îò äèàìåòðà

îïàñíîãî ñå÷åíèÿ ïîâåðõíîñòíî-óïðî÷íåííûõ îá-

ðàçöîâ è äåòàëåé, èçãîòîâëåííûõ èç äðóãèõ ñòà-

ëåé è ñïëàâîâ.

Îöåíêó âëèÿíèÿ ïîâåðõíîñòíîãî óïðî÷íåíèÿ

íà ïðåäåë âûíîñëèâîñòè îáðàçöîâ ñ íàäðåçàìè
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à á â

Ðèñ. 3. Ðàñïðåäåëåíèÿ îñåâûõ ó
z

îñòàòî÷íûõ íàïðÿæåíèé â îáðàçöàõ äèàìåòðàìè D, ðàâíûìè 10 ìì (à), 25 ìì (á) è

D = 25 ìì, d = 15 ìì (â) ñ íàäðåçàìè R, ðàâíûìè 0,3 ìì (ñïëîøíàÿ ëèíèÿ) è 0,5 ìì (ïóíêòèðíàÿ ëèíèÿ): 1 — ÏÄÎ; 2 —

ÎÐ1,3 — ÎÐ2

à

á

Ðèñ. 4. Èçëîìû óïðî÷íåííîãî äðîáüþ îáðàçöà äèàìåò-

ðîì D = 10 ìì (à) è óïðî÷íåííîãî ðîëèêîì îáðàçöà ñ îò-

âåðñòèåì äèàìåòðîì D/d = 25 ìì/15 ìì (á) ñ íàäðåçàìè

R = 0,5 ìì: 1 — íàäðåç; 2 — íåðàñïðîñòðàíÿþùàÿñÿ òðå-

ùèíà; 3 — çîíà äîëîìà



ïðîâîäèëè ïî êðèòåðèþ ñðåäíåèíòåãðàëüíûõ îñ-

òàòî÷íûõ íàïðÿæåíèé [15]

�

�

� �

�

�îñò d�

�

�

2

1 2
0

1

z ( )
,

ãäå óz(î) — îñåâûå îñòàòî÷íûå íàïðÿæåíèÿ â íàè-

ìåíüøåì ñå÷åíèè îáðàçöà (äåòàëè) ïî ãëóáèíå

ïîâåðõíîñòíîãî ñëîÿ a; å = a/têð — ðàññòîÿíèå îò

äíà íàäðåçà äî òåêóùåãî ñëîÿ, âûðàæåííîå â äî-

ëÿõ têð (ñì. ðèñ. 1); têð — êðèòè÷åñêàÿ ãëóáèíà íå-

ðàñïðîñòðàíÿþùåéñÿ òðåùèíû óñòàëîñòè, âîçíè-

êàþùåé ïðè ðàáîòå îáðàçöà (äåòàëè) íà ïðåäåëå

âûíîñëèâîñòè.

Ïðèðàùåíèå ïðåäåëà âûíîñëèâîñòè óïðî÷-

íåííûõ îáðàçöîâ Äó–1 ñ èñïîëüçîâàíèåì êðèòå-

ðèÿ � îñò
îïðåäåëÿëè ïî çàâèñèìîñòè

Äó–1 = � �
�
| |,îñò

ãäå �
�

— êîýôôèöèåíò âëèÿíèÿ ïîâåðõíîñòíî-

ãî óïðî÷íåíèÿ íà ïðåäåë âûíîñëèâîñòè ïî ðàçðó-

øåíèþ.

Çíà÷åíèÿ êðèòåðèÿ ñðåäíåèíòåãðàëüíûõ îñ-

òàòî÷íûõ íàïðÿæåíèé � îñò
è êîýôôèöèåíòà �

�

ïðèâåäåíû â òàáëèöå. Âèäíî, ÷òî êîýôôèöèåíò

�
�

èìååò íåáîëüøîå ðàññåÿíèå, ñîñòàâëÿÿ â ñðåä-

íåì 0,366, 0,341, 0,345 äëÿ îáðàçöîâ äèàìåòðàìè

10, 25 è 25 ìì/15 ìì ñîîòâåòñòâåííî. Îí íåçíà÷è-

òåëüíî îòëè÷àåòñÿ îò �
�

= 0,36, óñòàíîâëåííîãî

â [5] äëÿ óïðî÷íåííûõ îáðàçöîâ è äåòàëåé ñ àíà-

ëîãè÷íîé êîíöåíòðàöèåé íàïðÿæåíèé. Ìåíüøåå

â ñðåäíåì çíà÷åíèå êîýôôèöèåíòà �
�

äëÿ îáðàç-

öîâ äèàìåòðîì 25 ìì îáúÿñíÿåòñÿ, î÷åâèäíî,

áîëüøåé êîíöåíòðàöèåé íàïðÿæåíèé ñ óâåëè÷å-

íèåì äèàìåòðà îáðàçöà ïðè îäíîì è òîì æå ðà-

äèóñå ïîëóêðóãëîãî íàäðåçà [16].

Ïðîâåäåííîå èññëåäîâàíèå ïîêàçàëî, ÷òî ïðè

îïåðåæàþùåì ïîâåðõíîñòíîì ïëàñòè÷åñêîì äå-

ôîðìèðîâàíèè ãëàäêèõ îáðàçöîâ óâåëè÷åíèå ãëó-

áèíû ñëîÿ ñî ñæèìàþùèìè îñòàòî÷íûìè íàïðÿ-

æåíèÿìè ïðèâîäèò ê ïîâûøåíèþ ïðåäåëà âûíîñ-

ëèâîñòè îáðàçöîâ ñ íàäðåçàìè çà ñ÷åò óâåëè÷åíèÿ

ñæèìàþùèõ îñòàòî÷íûõ íàïðÿæåíèé â èõ îïàñ-

íîì ñå÷åíèè.

Ñ óâåëè÷åíèåì äèàìåòðà ãëàäêèõ îáðàçöîâ

(äåòàëåé) ïðè îäíîé è òîé æå ïîâåðõíîñòíîé óï-

ðî÷íÿþùåé îáðàáîòêå ãëóáèíà ñëîÿ ñî ñæèìàþ-

ùèìè îñòàòî÷íûìè íàïðÿæåíèÿìè âîçðàñòàåò çà

ñ÷åò ïîâûøåíèÿ æåñòêîñòè îáðàçöîâ.

Êðèòè÷åñêàÿ ãëóáèíà íåðàñïðîñòðàíÿþùåéñÿ

òðåùèíû óñòàëîñòè têð äëÿ îáðàçöîâ èç ñòàëè 20

äèàìåòðàìè 10, 25 è 25 ìì/15 ìì ñîîòâåòñòâóåò

óñòàíîâëåííîé ðàíåå çàâèñèìîñòè têð îò äèàìåòðà

îïàñíîãî ñå÷åíèÿ îáðàçöîâ è äåòàëåé, èçãîòîâ-

ëåííûõ èç äðóãèõ ìàòåðèàëîâ.

Îöåíêà ïðèðàùåíèÿ ïðåäåëà âûíîñëèâîñòè

ïîâåðõíîñòíî óïðî÷íåííûõ îáðàçöîâ ïî êðèòå-

ðèþ ñðåäíåèíòåãðàëüíûõ îñòàòî÷íûõ íàïðÿæå-

íèé äàåò ïðèåìëåìûå äëÿ ïðàêòèêè ðåçóëüòàòû,

÷òî ïîçâîëèò çíà÷èòåëüíî ñîêðàòèòü äëèòåëüíûå

è äîðîãîñòîÿùèå èñïûòàíèÿ íà óñòàëîñòü.
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