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(57) Ðåôåðàò:

Èçîáðåòåíèå îòíîñèòñ  ê îáðàáîòêå ìåòàëëîâ
äàâëåíèåì, à èìåííî ê èçãîòîâëåíèþ çàãîòîâîê
óçëîâ ãàçîòóðáèííîãî äâèãàòåë , è ìîæåò áûòü
èñïîëüçîâàíî â àâèàäâèãàòåëåñòðîåíèè è
ìàøèíîñòðîåíèè. Ñïîñîá âêëþ÷àåò íàãðåâ ïðóòêà
èç æàðîïðî÷íîãî ñïëàâà è åãî äåôîðìàöèþ çà
íåñêîëüêî ïåðåõîäîâ. Äë  äîñòèæåíè 
îäíîðîäíîñòè õèìè÷åñêîãî ñîñòàâà è ñòðóêòóðû ïî
îáúåìó çàãîòîâêè è ïîâûøåíè  òåõíîëîãè÷åñêèõ
ñâîéñòâ ñïëàâà ïðè ïîñëåäóþùåé ìåõàíè÷åñêîé

îáðàáîòêå, ïî ìåíüøåé ìåðå, îäèí ïåðåõîä
îñóùåñòâë þò ïðè òåìïåðàòóðå, ïðåâûøàþùåé
òåìïåðàòóðó íà÷àëà ðàñòâîðåíè  óïðî÷í þùåé
èíòåðìåòàëëèäíîé ôàçû ñïëàâà. Ïîñëå ÷åãî
îñóùåñòâë þò øòàìïîâêó â èíòåðâàëå òåìïåðàòóð
îò òåìïåðàòóðû íà÷àëà ðåêðèñòàëëèçàöèè äî
òåìïåðàòóðû êîíöà ðåêðèñòàëëèçàöèè äë 
ïîëó÷åíè  îäíîðîäíîé ìåëêîçåðíèñòîé ñòðóêòóðû,
÷òî îáåñïå÷èâàåò âûñîêèé óðîâåíü îáùèõ ôèçèêî-
ìåõàíè÷åñêèõ ñâîéñòâ çàãîòîâêè è èçäåëè  â öåëîì.
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(54) METHOD OF PLASTIC WORKING OF THE HIGH-TEMPERATURE RESISTANT ALLOYS BARS
USED FOR PRODUCTION OF GAS-TURBINE ENGINE COMPRESSOR BLADES
(57) Abstract: 

FIELD: aircraft industry; mechanical
engineering; methods of metals plastic working.

SUBSTANCE: the invention is pertaining to the
methods of metals plastic working, in particular,
to production of blanks for units of a gas
turbine engine and may be used in production of
aircraft engines and in mechanical engineering.
The method includes heating of a high-temperature
resistant alloy bar and its straining during
several runs. For obtaining a homogeneity of the
blank chemical composition and structure in the
whole volume of the blank and for increasing the
alloy mechanical properties during the blank
subsequent machining at least one run is
conducted at the temperature exceeding the

temperature of the beginning of the alloy
hardening inter-metallic phase dissolution. Then,
they conduct a press forming in the interval of
the temperatures from the temperature of a
recrystallization process start to the
temperature of the recrystallization process end
for production of the uniform fine grained
structure, that ensures a high level of general
physical-mechanical properties of the blank and
the item as a whole.

EFFECT: the invention ensures production of
the uniform fine-grained structure and a high
level of general physical-mechanical properties
of the blank and the item as a whole.
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Èçîáðåòåíèå îòíîñèòñ  ê îáðàáîòêå ìåòàëëîâ äàâëåíèåì, à èìåííî ê èçãîòîâëåíèþ
çàãîòîâîê, íàïðèìåð, äë  óçëîâ ÃÒÄ, è ìîæåò áûòü èñïîëüçîâàíî â àâèàäâèãàòåëåñòðîåíèè
è ìàøèíîñòðîåíèè.

Èçâåñòåí ñïîñîá øòàìïîâêè çàãîòîâîê, âêëþ÷àþùèé íàãðåâ çàãîòîâêè, åå øòàìïîâêó è
îõëàæäåíèå çà íåñêîëüêî ïåðåõîäîâ (ñì. àâòîðñêîå ñâèäåòåëüñòâî ÑÑÑÐ ¹660770, ÌÊÈ Â
21 Ê 3/04, îïóáë. 05.05.79 ã.) - àíàëîã.

Îäíàêî äàííûé ñïîñîá íå ïîçâîë åò ïîëó÷èòü íåîáõîäèìóþ ìàêðî- è ìèêðîñòðóêòóðó
çàãîòîâêè, ÷òî îòðèöàòåëüíî ñêàçûâàåòñ  íà êà÷åñòâå ïîëó÷àåìûõ èçäåëèé.

Èçâåñòåí ñïîñîá îáðàáîòêè äàâëåíèåì æàðîïðî÷íûõ ñïëàâîâ, âêëþ÷àþùèé íàãðåâ
çàãîòîâêè è åå äåôîðìàöèþ çà íåñêîëüêî ïåðåõîäîâ (ñì. ïàòåíò ÐÔ ¹2134308, Ñ 22 F
1/18, îïóáë. 10.08.1999 ã.) - ïðîòîòèï.

Íåäîñòàòêàìè äàííîãî ðåøåíè   âë þòñ  íåñòàáèëüíîñòü ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ
èçäåëè  è âûñîêà  òðóäîåìêîñòü ïðîöåññà îáðàáîòêè.

Ïðåäëàãàåìîå èçîáðåòåíèå ðåøàåò çàäà÷ó ïîâûøåíè  òàêèõ õàðàêòåðèñòèê èçäåëè , êàê
íàäåæíîñòü è óñòàëîñòü, ïóòåì îïòèìèçàöèè ñòðóêòóðû è ìåõàíè÷åñêèõ ñâîéñòâ çàãîòîâêè,
ïðè îäíîâðåìåííîì ñíèæåíèå òðóäîåìêîñòè ïðîöåññà.

Ïîñòàâëåííà  çàäà÷à ðåøàåòñ  òåì, ÷òî â ñïîñîáå îáðàáîòêè ïðóòêîâ èç æàðîïðî÷íûõ
ñïëàâîâ äë  ïîëó÷åíè  ëîïàòîê êîìïðåññîðà ãàçîòóðáèííîãî äâèãàòåë , âêëþ÷àþùåì
íàãðåâ ïðóòêà è åãî äåôîðìàöèþ çà íåñêîëüêî ïåðåõîäîâ, ïî ìåíüøåé ìåðå, îäèí ïåðåõîä
âûïîëí þò ïðè òåìïåðàòóðå, ïðåâûøàþùåé òåìïåðàòóðó íà÷àëà ðàñòâîðåíè 
óïðî÷í þùåé èíòåðìåòàëëèäíîé ôàçû ñïëàâà, ïîñëå ÷åãî âûïîëí þò øòàìïîâêó â
èíòåðâàëå òåìïåðàòóð îò òåìïåðàòóðû íà÷àëà ðåêðèñòàëëèçàöèè äî òåìïåðàòóðû êîíöà
ðåêðèñòàëëèçàöèè.

Äë  æàðîïðî÷íûõ, íàïðèìåð íèêåëåâûõ è òèòàíîâûõ, ñïëàâîâ òåìïåðàòóðû íà÷àëà
ðàñòâîðåíè  óïðî÷í þùèõ èíòåðìåòàëëèäíûõ ôàç Ti3 (Al, Sn), Ni3 (Al, Ti), êàê ïðàâèëî,
ðàñïîëîæåíû â èíòåðâàëå îò 1040° Ñ äî 1200° Ñ. Íàãðåâ çàãîòîâêè ïåðåä îïåðàöèåé
äåôîðìàöèè äî òåìïåðàòóðû ðàñòâîðåíè  óïðî÷í þùåé èíòåðìåòàëëèäíîé ôàçû
îáåñïå÷èâàåò äîñòèæåíèå îäíîðîäíîñòè õèìè÷åñêîãî ñîñòàâà è ñòðóêòóðû ïî îáúåìó
çàãîòîâêè, ïîâûøàåò òåõíîëîãè÷åñêèå ñâîéñòâà ñïëàâà ïðè ïîñëåäóþùåé ìåõàíè÷åñêîé
îáðàáîòêå.

Âûïîëíåíèå, ïî ìåíüøåé ìåðå, îäíîãî ïåðåõîäà â èíòåðâàëå òåìïåðàòóð îò
òåìïåðàòóðû íà÷àëà ðåêðèñòàëëèçàöèè äî òåìïåðàòóðû êîíöà ðåêðèñòàëëèçàöèè ïîçâîë åò
ïîëó÷èòü äîñòàòî÷íî îäíîðîäíóþ ìåëêîçåðíèñòóþ ñòðóêòóðó, îáåñïå÷èâàþùóþ âûñîêèé
óðîâåíü îáùèõ ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ çàãîòîâêè, à ñëåäîâàòåëüíî, è èçäåëè  â
öåëîì.

Òåìïåðàòóðà íà÷àëà ðåêðèñòàëëèçàöèè æàðîïðî÷íûõ ñïëàâîâ, êàê ïðàâèëî, âûøå
900 ° Ñ, ïðè÷åì êîíêðåòíûå çíà÷åíè  òåìïåðàòóð âûáèðàþò â çàâèñèìîñòè îò çàäàííîé
òåõíè÷åñêèìè óñëîâè ìè âåëè÷èíû çåðíà, êîòîðîå íåîáõîäèìî ïîëó÷èòü â ãîòîâîì
èçäåëèè.

Ïðîâåäåíèå îïåðàöèé îáðàáîòêè äàâëåíèåì ïðè çà âëåííûõ òåìïåðàòóðàõ ñî ñêîðîñòüþ
äåôîðìàöèè (10-2 - 10-3) ñ-1 ïîçâîë åò îáåñïå÷èòü äîñòèæåíèå ýôôåêòà ñâåðõïëàñòè÷íîñòè
â ñïëàâå è ìèíèìàëüíûõ óñèëèé ïðè äåôîðìàöèè, íàïðèìåð ïðè øòàìïîâêå, ÷òî ïîçâîëèò
èñïîëüçîâàòü ìåíåå ìîùíîå îáîðóäîâàíèå.

Íàïðèìåð, äë  ñïëàâà ÂÒ3-1 òåìïåðàòóðà íà÷àëà ðåêðèñòàëëèçàöèè ñîñòàâë åò
880 ° Ñ, à òåìïåðàòóðà îêîí÷àíè  ðåêðèñòàëëèçàöèè 930° Ñ. Ïðè íàãðåâàíèè åãî äî
òåìïåðàòóðû 910-930° Ñ è ïðîâåäåíèè èçîòåðìè÷åñêîé øòàìïîâêè ïðè ìàëûõ ñêîðîñò õ

äåôîðìàöèè, íàïðèìåð 10-3 ñ-1, ýòè òåìïåðàòóðû ñîîòâåòñòâóþò èíòåðâàëó
ñâåðõïëàñòè÷íîñòè ñïëàâà (δ ≈ 350%, σ s ≈ 4 êã/ìì2). Ïðè äàííûõ ïàðàìåòðàõ
äåôîðìèðîâàíè  èìååò ìåñòî õîðîøåå çàïîëíåíèå øòàìïîâ ïðè èçãîòîâëåíèè äåòàëåé
ñëîæíîé ôîðìû, ñ îäíîâðåìåííûì ôîðìèðîâàíèåì îïòèìàëüíîé ìàêðîñòðóêòóðû äåòàëè.

Ïðèìåð 1
Ðàññìîòðèì ïðîöåññ îáðàáîòêè íèêåëåâûõ ñïëàâîâ, ïðåäíàçíà÷åííûõ äë  èçãîòîâëåíè 

ëîïàòîê êîìïðåññîðà ãàçîòóðáèííîãî äâèãàòåë  èç ñïëàâà ÝÏ 718 ÈÄ, äë  êîòîðîãî (ïî
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äèàãðàììå):
òåìïåðàòóðà íà÷àëà ðàñòâîðåíè  óïðî÷í þùåé èíòåðìåòàëëèäíîé ôàçû ïî äèàãðàììå

ðàâíà 1080° Ñ,
òåìïåðàòóðà íà÷àëà ðåêðèñòàëëèçàöèè ðàâíà 880° Ñ,
òåìïåðàòóðà êîíöà ðåêðèñòàëëèçàöèè 950° Ñ.
Ïðóòîê ðàçðåçàëè íà ìåðíûå çàãîòîâêè äèàìåòðîì 15 ìì è äëèíîé 20 ìì è ïîìåùàëè èõ

â ýëåêòðè÷åñêóþ ïå÷ü äë  íàãðåâà äî òåìïåðàòóðû 1150° Ñ, ïîñëå ÷åãî îñóùåñòâë ëè
âûäàâëèâàíèå çàãîòîâîê íà ïðåññå ñ ïðåäâàðèòåëüíûì ôîðìèðîâàíèåì ïåðà è çàìêà
ëîïàòêè.

Ïîñëå ýòîãî âíîâü íàãðåâàëè çàãîòîâêó äî òåìïåðàòóðû 1160° Ñ è îñóùåñòâë ëè
øòàìïîâêó. Ïîñëå ÷åãî ïðîèçâîäèëè îáðåçêó îáëî , çà÷èùàëè, êîíòðîëèðîâàëè çàãîòîâêó è
ïðîèçâîäèëè åå íàãðåâ äî òåìïåðàòóðû 900° Ñ, ïîñëå ÷åãî îñóùåñòâë ëè øòàìïîâêó
ëîïàòêè äî çàäàííûõ ðàçìåðîâ.

Â ðåçóëüòàòå áûëè ïîëó÷åíû ëîïàòêè ñî ñëåäóþùèìè ìåõàíè÷åñêèìè ñâîéñòâàìè:

σβ =126,5 (êã/ìì2), σ0,2=78,5 (êã/ìì2), δ =26%, ψ =47,3%, ÊÑU=12,2 (êã× ì/ñì2);
ïðè òðåáîâàíèè òåõíè÷åñêèõ óñëîâèé:

σβ =115,0 (êã/ìì2), σ0,2=70,0 (êã/ìì2), δ =12%, ψ =14,0%, KCU=3,5 (êã× ì/ñì2).
Ïðèìåð 2
Ðàññìîòðèì ïðîöåññ èçãîòîâëåíè  ëîïàòêè êîìïðåññîðà íèçêîãî äàâëåíè 

ãàçîòóðáèííîãî äâèãàòåë  èç ñïëàâà ÂÒ3-1, äë  êîòîðîãî òåìïåðàòóðà íà÷àëà ðàñòâîðåíè 
óïðî÷í þùåé èíòåðìåòàëëèäíîé ôàçû ñïëàâà - 1080° Ñ,

òåìïåðàòóðà íà÷àëà ðåêðèñòàëëèçàöèè ñïëàâà - 880° Ñ,
òåìïåðàòóðà êîíöà ðåêðèñòàëëèçàöèè ñïëàâà - 930° Ñ.
Øòàìïîâêó îñóùåñòâë þò çà òðè îïåðàöèè: âûñàäêà, øòàìïîâêà ïðè òåìïåðàòóðå,

ïðåâûøàþùåé òåìïåðàòóðó íà÷àëà ðàñòâîðåíè  óïðî÷í þùåé èíòåðìåòàëëèäíîé ôàçû
ñïëàâà, è øòàìïîâêà â èíòåðâàëå òåìïåðàòóð îò òåìïåðàòóðû íà÷àëà ðåêðèñòàëëèçàöèè äî
òåìïåðàòóðû êîíöà ðåêðèñòàëëèçàöèè ñïëàâà.

Ñíà÷àëà ïðîèçâîäèëè âûñàäêó êðóãëîé çàãîòîâêè äèàìåòðîì 13 ìì è äëèíîé 200 ìì ñ
äâóõ ïðîòèâîïîëîæíûõ ñòîðîí ñ íàáîðîì ìåòàëëà ïîä äâà õâîñòîâèêà ëîïàòêè. Ìåñòíûé
íàãðåâ çàãîòîâêè ïîä âûñàäêó îñóùåñòâë ëè ìåòîäîì ýëåêòðè÷åñêîãî ñîïðîòèâëåíè  äî
òåìïåðàòóðû 950-980° Ñ. Ïîñëå íàãðåâà è êàíòîâêè âûñàäèëè äâå çàãîòîâêè äèàìåòðîì 30
ìì è âûñîòîé 20 ìì. Ïðè ýòîì öåíòðàëüíóþ ÷àñòü ïðóòêà íå íàãðåâàëè, ïîýòîìó ïîñëå
âûñàäêè ïîëó÷åííà  çàãîòîâêà ïî âñåìó îáúåìó èìååò ðàçíîçåðíèñòóþ ñòðóêòóðó.

Äë  âûðàâíèâàíè  ïîñëåäíåé è ïîëíîãî ðàñòâîðåíè  óïðî÷í þùåé èíòåðìåòàëëèäíîé
ôàçû Ti3 (Al) íàãðåâ çàãîòîâêè ïîä ïåðåõîäû øòàìïîâêè, îñóùåñòâë åìûå ïðè
òåìïåðàòóðå, ïðåâûøàþùåé òåìïåðàòóðó íà÷àëà ðàñòâîðåíè  óïðî÷í þùåé
èíòåðìåòàëëèäíîé ôàçû, ïðîèçâîäèëè äî òåìïåðàòóðû 1100° Ñ.

Ïîñëå ÷åãî îñóùåñòâë ëè ïåðåõîäû øòàìïîâêè â èçîòåðìè÷åñêèõ óñëîâè õ, ïðè ýòîì
íàãðåâ çàãîòîâêè îñóùåñòâë ëè äî òåìïåðàòóðû â èíòåðâàëå òåìïåðàòóð îò Òí.ð. äî Òê.ð.
äë  äàííîãî ñïëàâà, à èìåííî äî òåìïåðàòóðû 920° Ñ.

Â ðåçóëüòàòå áûëè ïîëó÷åíû ñëåäóþùèå ðåçóëüòàòû:

σβ = 105,2 (êã/ìì2), δ = 21,2%, ψ = 55,3%, KCU = 5,7 (êã× ì/ñì2);
ïðè òðåáîâàíèè òåõíè÷åñêèõ óñëîâèé:

σβ = 100,0-120,0 (êã/ìì2), δ ≥ 12%, ψ ≥ 3,5%, KCU≥ 3,0 (êã× ì/ñì2).

Ôîðìóëà èçîáðåòåíè 
Ñïîñîá îáðàáîòêè ïðóòêîâ èç æàðîïðî÷íûõ ñïëàâîâ äë  ïîëó÷åíè  ëîïàòîê êîìïðåññîðà

ãàçîòóðáèííîãî äâèãàòåë , âêëþ÷àþùèé íàãðåâ ïðóòêà èç æàðîïðî÷íîãî ñïëàâà è åãî
äåôîðìàöèþ çà íåñêîëüêî ïåðåõîäîâ, îòëè÷àþùèéñ  òåì, ÷òî, ïî ìåíüøåé ìåðå, îäèí
ïåðåõîä îñóùåñòâë þò ïðè òåìïåðàòóðå, ïðåâûøàþùåé òåìïåðàòóðó íà÷àëà ðàñòâîðåíè 
óïðî÷í þùåé èíòåðìåòàëëèäíîé ôàçû ñïëàâà, ïîñëå ÷åãî îñóùåñòâë þò øòàìïîâêó â
èíòåðâàëå òåìïåðàòóð îò òåìïåðàòóðû íà÷àëà ðåêðèñòàëëèçàöèè äî òåìïåðàòóðû êîíöà
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ðåêðèñòàëëèçàöèè.
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