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Ñòàëü S690QL ïðåäíàçíà÷åíà äëÿ ñâàðíûõ òÿæåëî íàãðóæåííûõ êîíñòðóêöèé: ãðóçîïîäú-

åìíûõ ñòðåë, òðàâåðñîâ, ïðèöåïîâ òÿæåëîâîçîâ è äð. Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû

èññëåäîâàíèÿ ìåõàíè÷åñêèõ ñâîéñòâ è ìèêðîñòðóêòóðû ñòàëè S690QL îòå÷åñòâåííîãî è çà-

ðóáåæíîãî ïðîèçâîäñòâà è âÿçêèõ ñâîéñòâ ñâàðíûõ îáðàçöîâ ïðè ðàçíûõ òåìïåðàòóðàõ. Èñ-

ïîëüçîâàëè ìåòîäû ýìèññèîííîé àòîìíîé ñïåêòðîñêîïèè, èñïûòàíèé íà ðàñòÿæåíèå è

óäàðíóþ âÿçêîñòü, ìèêðîñòðóêòóðíîãî àíàëèçà. Òâåðäîñòü îïðåäåëÿëè ìåòîäîì Âèêêåðñà.

Óñòàíîâëåíî, ÷òî õèìè÷åñêèé ñîñòàâ îáåèõ ñòàëåé ïðàêòè÷åñêè èäåíòè÷åí. Çíà÷åíèÿ óäàð-

íîé âÿçêîñòè îáðàçöîâ èç îòå÷åñòâåííîé S690QL ïðåâûøàþò ïîêàçàòåëè çàðóáåæíîé. Îñî-

áåííî ýòî êàñàåòñÿ ìåòàëëà, íå ïîäâåðãíóòîãî ñâàðî÷íûì ïðîöåññàì (óäàðíàÿ âÿçêîñòü äëÿ

ðîññèéñêîé ñòàëè â ýòîé çîíå ñîñòàâèëà 200 Äæ/ñì2 ïðè –40 °C, ÷òî ïðåâûøàåò óäàðíóþ

âÿçêîñòü äëÿ çàðóáåæíîé ñòàëè â òîé æå çîíå ïî÷òè íà 80 %). Îïðåäåëåíû òåìïåðàòóðû

õðóïêî-âÿçêîãî ïåðåõîäà äëÿ çîí ñâàðíûõ ñîåäèíåíèé èç ðîññèéñêîé S690QL. Ó çîí íà-

ïëàâëåííîãî ìåòàëëà è òåðìè÷åñêîãî âëèÿíèÿ ýòà òåìïåðàòóðà ñîñòàâèëà –40 °C. Âî âñåõ

çîíàõ ñâàðíîãî øâà êîíòðîëüíûõ ñâàðíûõ ñîåäèíåíèé ñòàëè îáîèõ ïðîèçâîäñòâ îáëàäàþò

ñõîæåé ìèêðîñòðóêòóðîé. Òâåðäîñòü â èññëåäóåìûõ îáðàçöàõ èìååò áëèçêèå çíà÷åíèÿ è

ñõîæåñòü èçìåíåíèÿ ïî çîíàì ñâàðíûõ ñîåäèíåíèé. Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü

èñïîëüçîâàíû â ìàøèíîñòðîåíèè ïðè ñåðòèôèêàöèè è ïðîåêòèðîâàíèè ñâàðíûõ êîíñòðóê-

öèé ïðåæäå âñåãî äëÿ àðêòè÷åñêîé çîíû.

Êëþ÷åâûå ñëîâà: âûñîêîïðî÷íûå êîíñòðóêöèîííûå ñòàëè; õëàäîñòîéêîñòü; óäàðíàÿ âÿç-

êîñòü; S690QL.
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Steel S690QL is designed for welded heavy-loaded structures: lifting booms, traverses, trailers of heavy

trucks, etc. We present the results of studying the mechanical properties and the microstructure of

S690QL steel manufactured both in Russia and abroad, as well as the viscous properties of welded samples

at different temperatures. The methods of atomic emission spectroscopy, tensile and impact strength

tests, and microstructural analysis were used. Hardness was determined by the Vickers method. It is

shown that the chemical composition of both grades of steel is almost identical. The values of the impact

strength of samples made of domestic S690QL exceed those of foreign ones. This is especially true for

metal that has not been subjected to welding processes (the impact strength for Russian steel S690QL in

this zone was 200 J/cm2 at –40°C, which exceeds the impact strength for foreign analogs in the same zone

by almost 80%). The temperatures of brittle-viscous transition (BVT) for zones of welded joints made of

Russian steel S690QL were determined. In the areas of welded metal deposit and heat affected zones the

BVT temperature was –40°C. The microstructures of both steels are similar in all areas of the weld seam of

control welded joints. The hardness in the studied samples of welded joints has similar values and similar
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changes in the zones of welded joints. The results obtained can be used in mechanical engineering for cer-

tification and design of welded structures, primarily for the Arctic zone.

Keywords: high-strength structural steels; cold resistance; impact strength; steel S690QL.

Ââåäåíèå

Â îòå÷åñòâåííîì ìàøèíîñòðîåíèè ðàíåå ÷àñ-

òî èñïîëüçîâàëèñü çàðóáåæíûå ìàòåðèàëû. Òàê,

äëÿ ïðîèçâîäñòâà íàãðóæåííûõ äåòàëåé è ìåõà-

íèçìîâ (ïîäúåìíèêîâ, êðàíîâ, ñòàëüíûõ ïëàò-

ôîðì, ñòðîèòåëüíûõ ìàøèí, òðàíñïîðòíûõ öèñ-

òåðí è äð.) ïðèìåíÿëàñü ñòàëü S690QL [1, 2].

Ëèñòîâîé ãîðÿ÷åêàòàíûé ïðîêàò èç S690QL õà-

ðàêòåðèçîâàëñÿ âûñîêèìè ïîêàçàòåëÿìè ïëîñêî-

ñòíîñòè, ìèíèìàëüíûìè îñòàòî÷íûìè íàïðÿæå-

íèÿìè è îïòèìàëüíûìè ìåõàíè÷åñêèìè ñâîéñò-

âàìè, ÷òî ñïîñîáñòâîâàëî ïîëó÷åíèþ âûñîêîé

òî÷íîñòè íà ãîòîâûõ èçäåëèÿõ ïîñëå ãèáêè.

Â íàñòîÿùåå âðåìÿ ðàçðàáîòàí îòå÷åñòâåí-

íûé àíàëîã S690QL, êîòîðûé ìîæíî èñïîëüçî-

âàòü â øèðîêîì äèàïàçîíå òåìïåðàòóð (îò –70 äî

300 °C) äëÿ èçäåëèé àâòîìîáèëåñòðîåíèÿ, ïîäú-

åìíî-òðàíñïîðòíîãî ìàøèíîñòðîåíèÿ è äð. Çàìå-

òèì, ÷òî ïðîêàò èç âûñîêîïðî÷íîé ñòàëè ñ ïðå-

äåëîì òåêó÷åñòè äî 700 ÌÏà ìîæåò èìåòü ðÿä

íåäîñòàòêîâ: çà÷àñòóþ îí ïîñòàâëÿåòñÿ â íàïðÿ-

æåííîì ñîñòîÿíèè, îáëàäàåò âûñîêîé ñòåïåíüþ

àíèçîòðîïèè, ìîãóò áûòü îòêëîíåíèÿ ïî ïëîñ-

êîñòíîñòè, ñâîéñòâà ìåòàëëà â ðàçíûõ ïàðòèÿõ

ìîãóò ðàçëè÷àòüñÿ [3 – 5]. Ýòî ñêàçûâàåòñÿ íà ïî-

ñëåäóþùèõ òåõíîëîãè÷åñêèõ îïåðàöèÿõ ïðîèç-

âîäñòâà (ãèáêà ëèñòîâ ìîæåò ñîïðîâîæäàòüñÿ îá-

ðàçîâàíèåì òðåùèí è ðàññëîåíèåì ìàòåðèàëà,

ïðè ñâàðêå òàêæå ìîãóò âîçíèêàòü òðåùèíû)

[6, 7].

Öåëü ðàáîòû — èññëåäîâàíèå ìåõàíè÷åñêèõ

ñâîéñòâ è ìèêðîñòðóêòóðû ñòàëè S690QL îòå÷å-

ñòâåííîãî è çàðóáåæíîãî ïðîèçâîäñòâà â ñâàðíûõ

êîíñòðóêöèÿõ.

Ìàòåðèàëû, ìåòîäèêà, îáîðóäîâàíèå

Èññëåäîâàëè îáðàçöû ñòàëè ìàðêè S690QL

(EN 10025-6) çàðóáåæíîãî è ðîññèéñêîãî ïðîèç-

âîäñòâà. Äëÿ ïîäãîòîâêè ñâàðíûõ ïðîá èñïîëüçî-

âàëè ëèñòû â ñîñòîÿíèè ïîñòàâêè (çàêàëêà ñ ïðî-

êàòíîãî íàãðåâà ñ ïîñëåäóþùèì îòïóñêîì ïî ðå-

æèìó ïîñòàâùèêà). S690QL — êîíñòðóêöèîííàÿ

âûñîêîïðî÷íàÿ ñòàëü ôåððèòíî-ïåðëèòíîãî êëàñ-

ñà. Õèìè÷åñêèé ñîñòàâ è ìåõàíè÷åñêèå ñâîéñòâà

ñòàëè ïî íîðìàòèâàì ïðåäñòàâëåíû â òàáë. 1, 2.

Îòìåòèì, ÷òî äëÿ îòå÷åñòâåííîé S690QL óäàðíàÿ

âÿçêîñòü ãàðàíòèðóåòñÿ òîëüêî â ïðîäîëüíîì íà-

ïðàâëåíèè.

Îáðàçöû äëÿ èñïûòàíèé âûðåçàëè èç ñâàðåí-

íûõ âñòûê êîíòðîëüíûõ ïëàñòèí ðàçìåðîì

350 × 150 × 14 ìì. Ñâàðêó âûïîëíÿëè ïëàâÿ-

ùèìñÿ ýëåêòðîäîì íà îáîðóäîâàíèè Fronius

TransSteel 5000 ñâàðî÷íîé ïðîâîëîêîé ESAB OK

AristoRod 69 ïî îäèíàêîâûì òåõíîëîãè÷åñêèì

ðåæèìàì (òàáë. 3) ïðè ïîñòîÿííîì òîêå îáðàòíîé

ïîëÿðíîñòè ñ ïîäîãðåâîì è êîíòðîëåì ìåæâàëè-

êîâîé òåìïåðàòóðû (ðàñõîä çàùèòíîãî ãàçà 82 %

Ar + 18 % CO2 — 15 – 18 ë/ìèí).

Äëÿ èñïûòàíèÿ íà óäàðíûé èçãèá èçãîòàâëè-

âàëè îáðàçöû Øàðïè ñ V-îáðàçíûì êîíöåíòðàòî-

ðîì (ÃÎÑÒ 9454) (ðàçìåð — 10 × 10 × 55 ìì, âû-

ñîòà ñå÷åíèÿ ïî ëèíèè íàäðåçà — 8 ìì). Îáðàçöû

âûðåçàëè èç ñâàðåííûõ êîíòðîëüíûõ ñîåäèíå-

íèé â ðàçíûõ îáëàñòÿõ îòíîñèòåëüíî ñâàðíîãî
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Òàáëèöà 1. Õèìè÷åñêèé ñîñòàâ ñòàëè S690QL ðîññèéñêîãî è çàðóáåæíîãî ïðîèçâîäñòâà

Table 1. Chemical composition of S690QL steel of Russian and foreign production

Ñòàëü

Ìàêñèìàëüíîå ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, %

C Si Mn P S Cr Mo Ni Cu Nb V Al

S690QL 0,20 0,8 1,7 0,02 0,01 1,5 0,7 2,0 0,50 0,06 0,12 0,1

S690QL (Ðîññèÿ) 0,20 0,86 1,8 0,018 0,01 1,0 0,50 1,1 0,30 0,07 0,14 0,05

Òàáëèöà 2. Ìåõàíè÷åñêèå ñâîéñòâà ñòàëè S690QL ðîññèéñêîãî è çàðóáåæíîãî ïðîèçâîäñòâà

Table 2. Mechanical properties of S690QL steel of Russian and foreign production

Ñòàëü

Ïðåäåë

òåêó÷åñòè,

ÌÏà

Ïðåäåë

ïðî÷íîñòè,

ÌÏà

Îòíîñèòåëüíîå

óäëèíåíèå, %

Óäàðíàÿ âÿçêîñòü KCV
–40

, Äæ/ñì2

â ïðîäîëüíîì íàïðàâëåíèè
â ïîïåðå÷íîì

íàïðàâëåíèè

S690QL 690 770 – 940 14 37,5 33,75

S690QL (Ðîññèÿ) 690 770 – 940 14 80 — äëÿ òîëùèí <40 ìì

37,5 — äëÿ òîëùèí 
40 ìì

—



øâà òàêèì îáðàçîì, ÷òîáû äëÿ êàæäîé èç òðåõ

ãðóïï îáðàçöîâ êîíöåíòðàòîð ïîïàäàë â çîíû íà-

ïëàâëåííîãî ìåòàëëà (ÍÌ), òåðìè÷åñêîãî âëèÿ-

íèÿ (ÒÂ) è îñíîâíîãî ìåòàëëà (ÎÌ).

Õèìè÷åñêèé ñîñòàâ îïðåäåëÿëè ìåòîäîì

ýìèññèîííîé àòîìíîé ñïåêòðîñêîïèè ñ ïîìîùüþ

ñïåêòðîìåòðà Foundry-Master UVR. Èñïûòàíèÿ

íà ðàñòÿæåíèå (ÃÎÑÒ 1497) äëÿ îïðåäåëåíèÿ

ñîîòâåòñòâèÿ ìåõàíè÷åñêèõ ñâîéñòâ ñòàëåé èõ

ñòàíäàðòàì ïðîâîäèëè áåç âîçäåéñòâèÿ íà íèõ

ñâàðêè, èñïûòàíèÿ íà óäàðíóþ âÿçêîñòü (ÃÎÑÒ

9454) — íà ìàÿòíèêîâîì êîïðå ÌÊ-300 (äèàïà-

çîí òåìïåðàòóð — –80 – 20 °C, øàã — 20 °C). Ïðè

îïðåäåëåíèè òåìïåðàòóðû õðóïêî-âÿçêîãî ïåðå-

õîäà ñòàëè S690QL ðîññèéñêîãî ïðîèçâîäñòâà èñ-

ïîëüçîâàëè çíà÷åíèÿ óäàðíîé âÿçêîñòè KCV. Äëÿ

ìèêðîñòðóêòóðíîãî àíàëèçà îáðàçöû ãîòîâèëè

ñòàíäàðòíûì ñïîñîáîì, âêëþ÷àþùèì øëèôîâêó,

ïîëèðîâêó è õèìè÷åñêîå òðàâëåíèå â 4 %-íîì

ñïèðòîâîì ðàñòâîðå HNO3 [8]. Òâåðäîñòü èçìåðÿ-

ëè ïî ìåòîäó Âèêêåðñà (ISO 6507-1) ñ èñïûòà-

òåëüíûìè íàãðóçêàìè 98,07 Í (HV10) íà òâåðäî-

ìåðå DuraVision20 (ðèñ. 1).

Îáñóæäåíèå ðåçóëüòàòîâ

Â òàáë. 4, 5 ïðèâåäåíû ðåçóëüòàòû õèìè-

÷åñêîãî àíàëèçà îáðàçöîâ è èõ ôàêòè÷åñêèå ìå-

õàíè÷åñêèå ñâîéñòâà (áåç âîçäåéñòâèÿ ñâàðêè).

Â öåëîì ìåõàíè÷åñêèå ñâîéñòâà ñòàëåé ñîîòâåò-

ñòâóþò ñòàíäàðòàì, ïî êîòîðûì îíè èçãîòîâ-

ëÿëèñü.

Äëÿ èññëåäóåìûõ îáðàçöîâ ðàññ÷èòûâàëè

ôàêòè÷åñêèå óãëåðîäíûå ýêâèâàëåíòû (Ýýêâ).

Äëÿ S690QL Ýýêâ ñîñòàâèë 0,513, äëÿ S690QL

(Ðîññèÿ) — 0,474 % (ïî íîðìàòèâó — äî 0,65 è

0,55 % ñîîòâåòñòâåííî). Ìîæíî çàêëþ÷èòü, ÷òî

òåîðåòè÷åñêè îáðàçöû îáëàäàþò ïðàêòè÷åñêè

îäèíàêîâîé ñâàðèâàåìîñòüþ.

Ðåçóëüòàòû èñïûòàíèé íà óäàðíûé èçãèá

ïðåäñòàâëåíû íà ðèñ. 2.

Ó÷èòûâàÿ ïîãðåøíîñòè, ìîæíî çàêëþ÷èòü,

÷òî ñâàðíûå ñîåäèíåíèÿ èç ñòàëåé S690QL è

S690QL (Ðîññèÿ) ïðè –40 °C â çîíå ÍÌ èìåþò

ïðèáëèçèòåëüíî îäèíàêîâóþ óäàðíóþ âÿçêîñòü.

Äëÿ ó÷àñòêîâ ÎÌ óäàðíàÿ âÿçêîñòü (S690QL

(Ðîññèÿ)) ñîñòàâëÿåò îêîëî 200 Äæ/ñì2, ÷òî ïðå-

âûøàåò (áîëåå ÷åì â 1,5 ðàçà) çíà÷åíèÿ äëÿ çàðó-

áåæíîé ñòàëè â òîé æå çîíå. Ñëåäîâàòåëüíî, îòå-

÷åñòâåííàÿ S690QL èìååò áîëåå âûñîêèå âÿçêèå

ñâîéñòâà ïî ñðàâíåíèþ ñî ñòàëüþ çàðóáåæíîãî
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Òàáëèöà 3. Ðåæèìû ñâàðêè êîíòðîëüíûõ ïëàñòèí

Table 3. Welding modes for control plates

Ïàðàìåòð ñâàðêè Êîðåíü øâà Çàïîëíåíèå øâà Îáëèöîâî÷íûé øîâ

Íàïðÿæåíèå U, Â 17,2 26,5 27,3

Ñèëà òîêà I, À 123 250 277

Ñêîðîñòü ïîäà÷è ïðîâîëîêè V, ì/ìèí 3,3 7,8 9,0

Òàáëèöà 4. Ôàêòè÷åñêèé õèìè÷åñêèé ñîñòàâ ñòàëåé

Table 4. Actual chemical composition of steels

Ñòàëü

Ìàêñèìàëüíîå ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, %

C Si Mn P S Cr Mo Ni Cu Nb V Al

S690QL 0,172 0,472 1,457 0,014 0,0006 0,045 0,004 0,026 0,015 0,026 0,001 0,018

S690QL (Ðîññèÿ) 0,160 0,340 1,250 0,010 0,001 0,280 0,220 0,030 0,050 0,020 0,003 0,040

Òàáëèöà 5. Ôàêòè÷åñêèå ìåõàíè÷åñêèå ñâîéñòâà ñòàëåé

Table 5. Actual mechanical properties of steels

Ñòàëü
Ïðåäåë

òåêó÷åñòè, ÌÏà

Ïðåäåë

ïðî÷íîñòè, ÌÏà

Îòíîñèòåëüíîå

óäëèíåíèå, %

Óäàðíàÿ âÿçêîñòü

KCV
–40

, Äæ/ñì2

S690QL 768 826 17 127,5

S690QL (Ðîññèÿ) 790 850 17,5 203,75

Ðèñ. 1. Ñõåìà îïðåäåëåíèÿ òâåðäîñòè â ñå÷åíèè îáðàçöîâ

Fig. 1. Scheme of hardness measurements in the cross sec-

tion of samples



ïðîèçâîäñòâà. Îäíàêî ïî ñå÷åíèþ ñâàðíîãî øâà

íàáëþäàåòñÿ ïåðåïàä çíà÷åíèé KCV â 2,7 ðàçà,

÷òî ìîæåò ñîçäàâàòü ãðàäèåíòû íàïðÿæåíèé ïðè

ýêñïëóàòàöèè èçäåëèé è ñïîñîáñòâîâàòü óñêîðåí-

íîìó ðàçðóøåíèþ.

Çàìåòèì, ÷òî çíà÷åíèÿ óäàðíîé âÿçêîñòè â

çîíå ÒÂ äëÿ S690QL (Ðîññèÿ) íèæå íîðìàòèâíîãî

ïîêàçàòåëÿ ïî ñîáñòâåííîìó ÑÒÎ íà 6,25 %, íî

âûøå íîðìàòèâíîãî çíà÷åíèÿ ïî ISO EN 10025-6

áîëåå ÷åì íà 120 %.

Â òàáë. 6 äëÿ S690QL (Ðîññèÿ) ïðåäñòàâëåíû

ðåçóëüòàòû èñïûòàíèé íà óäàðíóþ âÿçêîñòü â çà-

âèñèìîñòè îò òåìïåðàòóðû. Îòìåòèì, ÷òî, íå-

ñìîòðÿ íà ñõîæåñòü ïîâåäåíèÿ ñòàëåé ôåððèò-

íî-ïåðëèòíîãî êëàññà ïðè ïîíèæåíèè òåìïåðàòó-

ðû, îòå÷åñòâåííàÿ S690QL îáëàäàåò áîëüøåé

õëàäîñòîéêîñòüþ ïî ñðàâíåíèþ, íàïðèìåð, ñî

ñòàëÿìè 09Ã2Ñ è 350 [9, 10].

Ïîëó÷åííûå äàííûå ïîêàçûâàþò, ÷òî óäàð-

íàÿ âÿçêîñòü â çîíàõ ÍÌ è ÒÂ íèæå ïî ñðàâíå-

íèþ ñ ÎÌ áîëåå ÷åì â 2 ðàçà. Ïðè ýòîì èçìåíå-

íèå óäàðíîé âÿçêîñòè ÎÌ â çàâèñèìîñòè îò òåì-

ïåðàòóðû áîëåå ïëàâíîå, ÷åì â äðóãèõ çîíàõ. Äëÿ

çîí ÍÌ è ÒÂ ìîæíî âûäåëèòü òåìïåðàòóðó õðóï-

êî-âÿçêîãî ïåðåõîäà, êîòîðàÿ ïðèìåðíî ñîñòàâëÿ-

åò –40 °C.

Ïðè ïîíèæåíèè òåìïåðàòóðû äî –60 °C âÿç-

êàÿ ñîñòàâëÿþùàÿ â èçëîìå â çîíàõ ÒÂ è ÍÌ

ñâàðíîãî ñîåäèíåíèÿ èç S690QL (Ðîññèÿ) îòñóò-

ñòâóåò, â òî âðåìÿ êàê ÎÌ ïðè òîé æå òåìïåðàòó-

ðå èìååò óäàðíóþ âÿçêîñòü 155 Äæ/ñì2.

Íà ðèñ. 3 ïðèâåäåíû ìèêðîñòðóêòóðû ñâàð-

íûõ ñîåäèíåíèé, ïîëó÷åííûå ñ ïîìîùüþ ìå-

òàëëîãðàôè÷åñêîãî àíàëèçà. Âèäíî, ÷òî ñòàëü

S690QL ìåëêîçåðíèñòàÿ [11 – 13]. ÎÌ îáðàçöîâ

ïðåäñòàâëåí ôåððèòíûìè çåðíàìè ñ âêëþ÷åíèÿ-

ìè ñîðáèòà îòïóñêà. Ó S690QL ãðàíèöû çåðåí

ôåððèòà ìåíåå ÷åòêèå ïî ñðàâíåíèþ ñ S690QL

(Ðîññèÿ), à òàêæå ïðîñëåæèâàþòñÿ ñëåäû ïîëîñ-

÷àòîñòè ïîñëå ïðîêàòà.

Çîíà ÒÂ ó èññëåäóåìûõ îáðàçöîâ èìååò îäè-

íàêîâûå ñòðóêòóðíûå ñîñòàâëÿþùèå: çåðíà ôåð-

ðèòà ñ âêëþ÷åíèÿìè òðîîñòîñîðáèòà. Âûäåëÿþò-

ñÿ ãðàíèöû áûâøåãî çåðíà àóñòåíèòà, ðàçìåð êî-

òîðîãî ñîñòàâëÿåò 35 (S690QL (Ðîññèÿ)) è 24 ìêì

(S690QL). Îäíàêî ó S690QL íàáëþäàþòñÿ ïðè-

çíàêè âèäìàøòåòòîâîé ñòðóêòóðû.

Ñòðóêòóðíûå ñîñòàâëÿþùèå çîíû ÍÌ äëÿ

îòå÷åñòâåííîé è çàðóáåæíîé S690QL âêëþ÷àþò

ôåððèò è ñôåðîèäèçèðîâàííûé ñîðáèòîîáðàç-

íûé ïåðëèò. Çåðíà èìåþò íàïðàâëåííîñòü, ïà-

ðàëëåëüíóþ òåïëîîòâîäó, êîòîðûé áûë ïðè êðè-

ñòàëëèçàöèè ïîñëå ñâàðêè. Îäíàêî ó çàðóáåæíîé

S690QL îòìå÷àþòñÿ ïðèçíàêè ëèêâàöèè, âîç-

íèêøåé âñëåäñòâèå íåðàâíîâåñíûõ óñëîâèé

îõëàæäåíèÿ.

Ðåçóëüòàòû ìèêðîñòðóêòóðíîãî àíàëèçà ñâè-

äåòåëüñòâóþò, ÷òî ñâàðíûå îáðàçöû èç S690QL

(Ðîññèÿ) èìåþò ìåíüøå ñòðóêòóðíûõ äåôåêòîâ,

÷åì îáðàçöû èç ñòàëè çàðóáåæíîãî ïðîèçâîäñòâà.

Ýòî ìîæåò ãîâîðèòü î ñòàáèëüíîñòè ñòðóêòóðîîá-

ðàçîâàíèÿ âî âðåìÿ ñâàðêè ïðè óñëîâèè ñîáëþäå-

íèÿ òåõíîëîãèè. Âìåñòå ñ òåì áîëåå êðóïíîå çåð-

íî â çîíå ÒÂ ìîæåò áûòü ïðè÷èíîé ñíèæåíèÿ ìå-

õàíè÷åñêèõ ñâîéñòâ îòå÷åñòâåííîé ñòàëè, â ÷àñò-

íîñòè, óäàðíîé âÿçêîñòè ïðè ïîíèæåííûõ òåìïå-

ðàòóðàõ [14 – 16].

Ðåçóëüòàòû îïðåäåëåíèÿ òâåðäîñòè îáðàçöîâ

ìåòîäîì Âèêêåðñà â çàâèñèìîñòè îò çîíû ñâàðíî-

ãî ñîåäèíåíèÿ ïðåäñòàâëåíû íà ðèñ. 4.

Ðàñïðåäåëåíèå òâåðäîñòè ïî ñå÷åíèþ øâà

óêëàäûâàåòñÿ â òåîðåòè÷åñêèå ðàìêè [17, 18].

Äëÿ S690QL (Ðîññèÿ) òâåðäîñòü ñå÷åíèÿ ñâàðíî-

ãî ñîåäèíåíèÿ êîëåáëåòñÿ â ïðåäåëàõ 230 – 250,

äëÿ S690QL — 215 – 255 HV10. Â ñëó÷àå îòå÷å-

ñòâåííîé ñòàëè çíà÷åíèÿ òâåðäîñòè ìåíÿþòñÿ

áîëåå ïëàâíî, ÷òî ïîëîæèòåëüíî âëèÿåò íà äàëü-

íåéøóþ ýêñïëóàòàöèþ èç-çà îòñóòñòâèÿ áîëüøèõ

ãðàäèåíòîâ. Â çîíå ÍÌ çíà÷åíèÿ òâåðäîñòè äëÿ

èññëåäóåìûõ îáðàçöîâ íèæå íà 2 – 3 % ïî ñðàâ-

íåíèþ ñ òâåðäîñòüþ ÎÌ. Â çîíå ÒÂ òâåðäîñòü ó

îòå÷åñòâåííîé S690QL íèæå îòíîñèòåëüíî ÎÌ

íà 5, ó çàðóáåæíîé — íà 15 %.
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Ðèñ. 2. Çàâèñèìîñòè óäàðíîé âÿçêîñòè îáðàçöîâ îò çîíû

ñâàðíîãî øâà

Fig. 2. Dependence of the impact strength of samples on

the weld zone

Òàáëèöà 6. Óäàðíàÿ âÿçêîñòü KCV, Äæ/ñì2, ñâàðíûõ îá-

ðàçöîâ èç ñòàëè S690QL (Ðîññèÿ) â çàâèñèìîñòè îò òåìïå-

ðàòóðû èñïûòàíèÿ

Table 6. Dependence of the impact strength KCV, J/cm2 of

welded samples made of S690QL steel (Russia) on the test

temperature

Çîíà ñâàð-

íîãî øâà

Òåìïåðàòóðà èñïûòàíèÿ, °C

20 –20 –60 –80

ÍÌ 130,6 113,6 0 0

ÒÂ 164,4 120 0 0

ÎÌ 253,9 224,9 154,7 75



Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ

ïîêàçàëè, ÷òî ïî íîðìàòèâàì îáðàçöû ñòàëè

S690QL îòå÷åñòâåííîãî è çàðóáåæíîãî ïðîèçâîä-

ñòâà ïî õèìè÷åñêîìó ñîñòàâó è óãëåðîäíîìó ýêâè-

âàëåíòó îòëè÷àþòñÿ ìåæäó ñîáîé íåçíà÷èòåëüíî.

Òðåáîâàíèÿ ê ìåõàíè÷åñêèì ñâîéñòâàì ïðàêòè÷å-

ñêè èäåíòè÷íû, çà èñêëþ÷åíèåì íàïðàâëåíèÿ

ïðîêàòà ïðè îïðåäåëåíèè óäàðíîé âÿçêîñòè.

Ôàêòè÷åñêèé ñîñòàâ ñòàëåé, ïî äàííûì õèìè÷å-

ñêîãî àíàëèçà, òàêæå ïðàêòè÷åñêè îäèíàêîâ.

Áëèçêèå ðåçóëüòàòû èñïûòàíèé íà ðàñòÿæå-

íèå (ÎÌ) ãîâîðÿò î ñîîòâåòñòâèè ñòàíäàðòàì. Âî

âñåõ çîíàõ ñâàðíîãî øâà êîíòðîëüíûõ ñâàðíûõ

ñîåäèíåíèé ñòàëè îáëàäàþò ñõîæåé ìèêðîñòðóê-

òóðîé. Ïðè ýòîì â çîíå ÒÂ S690QL (Ðîññèÿ) îòëè-

÷àåòñÿ áîëüøåé âåëè÷èíîé çåðåí (ïðàêòè÷åñêè

íà 45 % áîëüøå, ÷åì ó S690QL), ÷òî ìîæåò îêàçû-

âàòü âëèÿíèå íà óäàðíóþ âÿçêîñòü ïðè ïîíèæåí-

íûõ òåìïåðàòóðàõ. Îäíàêî ó çàðóáåæíîé S690QL

âûÿâëåíû ïðèçíàêè âèäìàíøòåòòà, ÷òî òàêæå

íåãàòèâíî ñêàçûâàåòñÿ íà óäàðíîé âÿçêîñòè.

ÎÌ îòå÷åñòâåííîé S690QL õàðàêòåðèçóåòñÿ

áîëåå âûñîêîé (áîëåå 1,5 ðàçà) óäàðíîé âÿçêî-

ñòüþ ïî ñðàâíåíèþ cî ñòàëüþ çàðóáåæíîãî ïðîèç-

âîäñòâà. Óäàðíàÿ âÿçêîñòü çîí ÒÂ è ÍÌ â ñâàð-

íîì ñîåäèíåíèè äëÿ îáåèõ ñòàëåé óäîâëåòâîðÿåò

íîðìàòèâó ISO EN 10025-6. Âìåñòå ñ òåì çíà÷å-

íèÿ óäàðíîé âÿçêîñòè â çîíå ÒÂ äëÿ S690QL

(Ðîññèÿ) íèæå íîðìàòèâíîãî ïîêàçàòåëÿ ñîáñò-

âåííîãî ÑÒÎ íà 6,25 %, ÷òî, îäíàêî, ìîæåò áûòü

ñâÿçàíî ñ ïîãðåøíîñòüþ. Äëÿ S690QL (Ðîññèÿ)

óäàðíàÿ âÿçêîñòü â çîíàõ ÍÌ è ÒÂ íèæå çíà÷å-

íèé óäàðíîé âÿçêîñòè ÎÌ â 2 ðàçà. Ó çîí ÍÌ è

ÒÂ ìîæíî âûäåëèòü òåìïåðàòóðó õðóïêî-âÿçêîãî

ïåðåõîäà (–40 °C). Ñíèæåíèå òåìïåðàòóðû äî

–60 °C è íèæå âûçûâàåò ïîëíîñòüþ õðóïêîå ðàç-

ðóøåíèå ñâàðíîãî ñîåäèíåíèÿ. Â òî æå âðåìÿ ÎÌ

ïðè äàííîé òåìïåðàòóðå èìååò óäàðíóþ âÿçêîñòü

155 Äæ/ñì2.

Òâåðäîñòü â èññëåäóåìûõ îáðàçöàõ ñâàðíûõ

ñîåäèíåíèé èìååò áëèçêèå çíà÷åíèÿ è ñõîæåñòü

èçìåíåíèÿ ïî çîíàì ìåòàëëà. Îäíàêî äëÿ çàðó-

áåæíîé ñòàëè S690QL õàðàêòåðíî áîëåå ðåçêîå

èçìåíåíèå òâåðäîñòè â çàâèñèìîñòè îò çîíû

ñâàðíîãî øâà.
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Ðèñ. 3. Ìèêðîñòðóêòóðû ñâàðíûõ ñîåäèíåíèé èç S690QL (Ðîññèÿ) (à, â, ä) è S690QL (á, ã, å): à, á — ÎÌ; â, ã — ÒÂ; ä, å —

ÍÌ (×500)

Fig. 3. Microstructures of welded joints made of S690QL (Russia) (a, c, e) and S690QL (b, d, f): a, b — BM (base metal); c, d —

HAZ (heat affected zone); e, f — WM (weld metal) (×500)

S690QL (Ðîññèÿ) S690QL

Çîíà ñâàðíîãî øâà

Ðèñ. 4. Çàâèñèìîñòè òâåðäîñòè îáðàçöîâ îò çîíû ñâàðíî-

ãî øâà

Fig. 4. Dependence of the hardness of samples on the weld

zone



S690QL (Ðîññèÿ) ìîæåò âûñòóïàòü àíàëîãîì

ñòàëè çàðóáåæíîãî ïðîèçâîäñòâà ïî òàêèì õàðàê-

òåðèñòèêàì, êàê õèìè÷åñêèé ñîñòàâ, ìåõàíè÷å-

ñêèå ñâîéñòâà ïðè èñïûòàíèÿõ íà ðàñòÿæåíèå è

óäàðíóþ âÿçêîñòü ïðè –40 °C (ISO EN 10025-6).

Äëÿ ïîâûøåíèÿ è âûðàâíèâàíèÿ ìåõàíè÷åñêèõ

ñâîéñòâ ïî ñå÷åíèþ ñâàðíîãî ñîåäèíåíèÿ ïîòðå-

áóåòñÿ ïðîâåäåíèå òåðìè÷åñêîé îáðàáîòêè.
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