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Abstract

Introduction. High-strength aluminum-based alloys of the Al-Zn-Mg-Cu alloying system are commonly used in aircraft
manufacturing. However, there is a need to address the issue of achieving the desired level of mechanical properties in
large-scale parts made from these alloys during heat treatment. Additionally, studies on the evaluation of corrosion
resistance during heat treatment are also essential. The aim of this work was to determine the modes of heat treatment to
achieve the necessary values of mechanical properties and resistance to corrosion cracking of parts made of large-sized
deformed blanks of alloys of the Al-Zn-Mg-Cu alloying system.

Materials and Methods. The research was conducted on parts made from forged 1933 alloy forgings and B93pch
stamped blanks. The influence of heat treatment on the mechanical properties (strength, ductility, hardness) and
microstructure, as well as electrical conductivity, was determined. Tensile tests were carried out both on samples
subjected to heat treatment after cutting from forgings and stamped blanks, and on samples cut from massive templets
that were heat treated together with the products. Electrical conductivity allowed us to assess the level of solid solution
supersaturation and predict resistance to corrosion cracking.

Results. The results of the study showed the necessity of a differentiated approach to assigning the duration of aging
stages, depending on the alloy grade, configuration, and dimensions of the products, as well as the requirements for the
level of properties. Variants and modes of heat treatment were proposed for products made from alloys 1933 and
B93pch, providing the necessary level of mechanical properties and resistance to corrosion cracking.

Discussion and Conclusion. Cases of inconsistency in strength properties in the longitudinal and transverse (in width)
directions of the fiber of parts made from large-sized blanks of alloys 1933 and B93pch have been established. Modes
and options for heat treatment of parts were proposed, allowing the achievement of the required values of mechanical
properties and corrosion resistance. This provides for a halving of the aging time for alloy 1933 or an increase of 25%
for alloy B95pch.
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U3J1eJIMi MepcrneKTHBHOH ABHALIMOHHON TeXHUKHU U3 CIIaBOB cucTeMbl Al-Zn-Mg-Cu

B.C. Myparos!""', H.C. Ixkumon>"">' <
!Camapckuii rocy1apcTBeHHbIN Texauyeckuil yuusepeurer, r. Camapa, Poccuiickas @enepanmst
2A0 «Asuaarperary, r. Camapa, Poccuiickas ®enepauus

D4 andrej.bakin2013@yandex.ru

AHHOTANNSA

Bgeoenue. BricokonpouHbIe CIIaBbl HA aJJFIOMHHHUEBOW OCHOBE CHCTEMBI JierupoBanus Al-Zn-Mg-Cu HpoKo UCTIONB3Y-
I0TCSL UL M3TOTOBJICHUS JAeTalled aBHAalMOHHOW TexHMKH. TpeOyer pemieHus mpoGiieMa NOCTHXKEHHS HEOOXOAUMOTO
YPOBHsI MEXaHUUECKUX CBOICTB KPyIHOraOapUTHBIX A€Taleil U3 CIUIaBOB 3TOM CUCTEMBbI JITHPOBAHUSA IIPU TEPMUUECKON
00paboTke. AKTyalbHBI TAaKKe MCCIIEIOBAHMUS IO OICHKE 0COOEHHOCTEH (HhOpMHUPOBaHUS KOPPO3HOHHBIX CBOMCTB B IPO-
Iecce peam3ayy ornepanuii TepMuiaeckon 00padbotku. Llenp manHON paboTHl — ONPENeNUTh PEKIMBI TEPMHUYECKOH 00-
pabOTKM JUIS JOCTIKEHHUS HEOOXOANMBIX 3HAaYEHHH MEXaHHYECKUX CBOMCTB M CTOMKOCTH K KOPPO3HOHHOMY PacTpPECKH-
BaHMIO JieTaJiell N3 KPYITHOTabapuTHBIX Ae(OPMUPOBAHHBIX 3arOTOBOK CIIABOB CUCTEMBI JierupoBanust Al-Zn-Mg-Cu.
Mamepuanvt u memoowl. ViccnenoBaHusi BBINOJIHEHBl Ha JETaNsX, M3rOTAaBJIMBAaEMbIX M3 IOKOBOK cIuiaBa 1933 u
LITaMITIOBaHHBIX 3aroTOBOK cruiaBa B93mu. Omnpenersioch BIUsHUE PEKUMOB TEPMUYECKOH 00pabOTKM Ha KOMILIEKC
MEXaHHYECKUX CBOMCTB (XapaKTEPUCTUKH MPOYHOCTH, IUITACTUYHOCTH, TBEPAOCTH), MHUKPOCTPYKTYPY H 3JIEKTPONPO-
BOJIHOCTb CIUTaBOB. VICTIBITaHUS Ha pacTsHKEHHE PEeaTn30BBIBATIMCH Kak Ha 00pasnax, MOABEPTrHYTHIX TEPMHUYECKOH 00-
paboTke mociie BBIPE3KH W3 MOKOBOK M IMITAMIIOBAaHHBIX 3arOTOBOK, TaK M Ha 00pasliax, BBIPE3aHHBIX U3 MACCHUBHBIX
TEMILJIETOB, KOTOPbIE MOABEPrajiMCh TEPMUUECKONW 00pabOTKE BMECTE C U3ACIUSMH. DIIEKTPOIIPOBOJAHOCTH MO3BOJISIIA
OIIEHUBATh CTETIEHb MEPECHIIIEHHOCTH TBEPJIOT0 PacTBOpa M NMPOTHO3UPOBATH COMPOTHBISIEMOCTh CIUIaBa KOPPO3HOH-
HOMY PacTPECKHUBAHHUIO.

Pezynvmamut uccnedosanus. Iloxazana Heo6XoaUMOCTh TU(HEPEHIIMPOBAHHOTO TOAX0/1a K HA3HAYEHHUIO JIUTEIBHOCTH
CTyTICHEH CTapeHWs! B 3aBUCHMOCTH OT MapKd CIUIaBa, KOHQHUI'Ypaluu U radapuToB W3/ENHH, TpeOOBaHMI K YPOBHIO
cBoiicTB. [IpennokeHpl BapUaHTHI U PEKUMBI TEPMUYECKON 00paboTku i n3nennit n3 cruaBoB 1933 u B93my, obecme-
YHBAOLIME HEOOXOIMMBIN yPOBEHb MEXAHIMYECKUX CBOMCTB 1 COMPOTHBISIEMOCTH KOPPO3HOHHOMY PacTPECKUBAHHIO.
Obcyscoenue u 3aknrouenue. Y CTaHOBICHB! ClIydall HECOOTBETCTBUSI IIPOYHOCTHBIX CBOICTB B MPOJAOJIEHOM U MOINEped-
HOM (110 IIMpPHHE) HAIPaBJICHNSIX BOJIOKHA JIeTajlel, M3rOTaBINBacMBbIX U3 KPYITHOIa0ApUTHBIX 3arOTOBOK CIIaBoB 1933 n
B93mu. IIpennoxkeHbl pe)kKMMbI M BapUaHThl TEPMUYECKOH 00paOOTKM JeTalied, MO3BOJIONINE JOCTUraTh TpeOyeMbIX
3HaYCHUH MEXaHHMYECKHX CBOMCTB U KOPPO3HMOHHOM CTOMKOCTH, KOTOPBIE NIPEelyCMaTPUBAIOT COKpAIlleHHE B JiBa pa3a (s
cmaBa 1933) nnu yBenuuerue Ha 25 % (mi1s crmaBa B9Smd) BpeMeHu BBIIEPKKH TIPH CTYIEHAX CTapeHMS.

KutoueBble cj10Ba: amoMUHKUEBbIE CIUIABbI, KPYITHOra0apUTHBIE U3IENHsL, TepMUYEcKast 00paboTKa, CTPYKTypa, CBOHCTBA

BaarogapHocTH. ABTOPBI BBIPAXAIOT OJIaroJapHOCTh PEAAKIIMA U PEICH3CHTAM 3a BHUMATEIHHOE OTHOIICHHE K
CTaThe M yKa3aHHBIE 3aMEYaHHUs, YCTPAaHEHNE KOTOPBIX MTO3BOJIMIIO MTOBBICUTD €€ KadeCTBO.

Jns nutuposanusa. Myparos B.C., fAxumos H.C. Brmsiare pexxumMoB TepMudeckoil 00pabOTKH Ha CTPYKTYpYy W CBOMCTBa
KpYyIHOTa0ApUTHBIX HM3IENHI NEpCIIeKTHBHON aBHAIMOHHOM TEXHWKHM U3 CIuaBoB chcteMbl Al-Zn-Mg-Cu. Besonacrocmu
mexHoeeHHbIX U npupooHsix cucmem. 2024;8(3):78-87. https://doi.org/10.23947/2541-9129-2024-8-3-78-87

Introduction. In the production of modern and promising aircrafts and helicopters of new generation, first and
foremost, attention should be paid to the reliability and safety of flights and transportation [1], as well as the reduction
in product weight [2]. This requires the use of high-strength alloys [3] with good fatigue resistance [4], fracture
toughness [5], and corrosion resistance [6]. In recent years, high-strength aluminum alloys, in particular alloys 1933 and
B93pch, have been widely used for the production of new promising civil aircrafts such as SSJ-NEW, MS-21, Tu-214,
11-96, etc. They are designed for the manufacture of critical power components of the aircraft — frames, traverse,
fittings, rods, frames, housings, spars [7]. Aluminum high-strength alloys [8] of Al-Zn-Mg-Cu alloying system [9] are
one of the main structural materials [10] for the manufacture of aviation equipment [11]. This group includes alloys of
grades B93 [12], B93pch [13], B95 [14], B95och [15], B95pch [16], 1933. Alloy 1933 is a modification of alloy B93,
not differing from B93 in terms of content of the main components. Alloy 1933 contains 0.12% Zr instead of Fe as an
additive. Such a change in composition provides higher strength, fracture toughness and fatigue resistance, but
alloy 1933 has a lower hardenability than alloy B93 [17].
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One of the challenges in ensuring the successful operation of products made from alloys based on the Al-Zn-Mg-Cu system is
ensuring sufficient corrosion resistance. Analysis of the corrosion damage processes in aluminum alloys has shown that the
development of structural deterioration under the main corrosion mechanisms — corrosion cracking (CC) and intergranular
damage — occurs in a similar manner. It should be noted that CC is mainly inherent in dispersion-hardened aluminum-based
alloys. CC is not typical for alloys characterized by a reduced supersaturation of solid solution. The sensitivity to CC of
alloys [15] of a certain alloying system depends on the number of alloying elements [17].

Susceptibility of aluminum alloys to CC reliably correlates with the degree of supersaturation of solid solutions and
is significantly less dependent on the electron concentration and inhomogeneity of electrochemical potential that occurs
during the decomposition of supersaturated solid solutions. The process of delayed destruction, occurring in mildly
aggressive environments (for example, in air having a relative humidity of about 50%), develops at sufficiently high
values of atomic concentration of elements used for alloying. Aluminum alloys of the Al-Zn-Mg-Cu alloying system
have a 10 CC score, which means corrosion damage in mildly aggressive environments on uncut samples. At the same
time, the main way to increase resistance to dangerous types of corrosion is the development and implementation of
stepwise modes of softening aging (T2, T3)".

According to [18], reliable correlations of mechanical properties (yield strength 6o, strength o, elongation 6) and
values of specific electrical conductivity y were obtained for aluminum alloys hardened during heat treatment. It has
been revealed that with a decrease in the specific electrical conductivity of such alloys, strength increases and ductility
decreases. It should be borne in mind that the values of electrical properties are determined not only by the chemical
composition of alloys, but also by the peculiarities of the state of the crystal lattice structure, which are formed by the
modes of deformation and thermal treatments. All of the above makes it possible to evaluate corrosion resistance based
on electrical conductivity values.

There is a problem with the formation of specified properties in large-sized parts made from alloys 1933 and
B93pch, which are used for SSI-NEW and Tu-214 aircraft, after heat treatment. It is also necessary to conduct research
to assess the characteristics of how the level of mechanical and corrosion properties is formed in critical power
components during heat treatment operations.

The aim of the authors of this article is to determine heat treatment modes to achieve the necessary values of
mechanical properties and resistance to corrosion cracking of parts made of large-sized deformed blanks of alloys of the
Al-Zn-Mg-Cu alloying system.

Materials and Methods. The research was conducted on parts made from large-sized forgings of the 1933 alloy
produced at the Kamensk-Ural Metallurgical Plant, and stamped blanks made of the B93pch alloy produced at the
Arkonik SMP (Samara). Figure 1 provides the dimensions of the forgings. The overall dimensions of the stamped
blanks were 1790x980 mm. Chemical composition of the studied alloys is shown in Table 1.

Heat treatment of the products was carried out in electric furnaces PA-56 and PA-54. Microstructural studies were
performed using an Olympus GX71 light microscope. Electrical conductivity measurements were conducted with a
Constant K6 device. Mechanical properties were tested in accordance with GOST 1497-84. The test samples were made
from templets (cut from blanks) of sizes 70%70x140 mm, which were heat-treated together with the products.
Proportional cylindrical W type samples with initial diameters of 5 mm or 15 mm were used. Tensile tests of the
samples were performed on a GURM-20 installation. The Brinell method was used to determine their hardness
(GOST 9012-9, 1SO 410-82)>.

2,545419(2,485)

—10
+30
(885)

1930:1¢

Fig. 1. Sketch of a large-sized forging made of alloy 1933

'GOST 1497-84. Metals. Methods o f tension test. Moscow: Standartinform; 2008. 26p. URL: https:/files.stroyinf.ru/Data2/
1/4294852/4294852801.pdf (accessed: 29.04.2024). (In Russ.)

2 GOST 9012-59. ISO 410-82 Metals. Method of Brinell hardness measurement. Moscow: Standartinform; 2008. 40 p URL: https:/files.stroyinf.ru
/Data2/1/4294850/4294850482.pdf (accessed: 29.04.2024). (In Russ.)
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Table 1
Chemical composition of the studied alloys (wt., %)

Alloy Si Fe Cu Mn Mg Cr Zn Ti Zr Be Al

1933 0.020 | 0.090 | 0.900 | 0.010 | 1.800 | 0.010 | 6.500 | 0.400 0.040 0.001 Base

B93pch - 0.310 | 1.000 - 1.900 - 6.700 | 0.010 - - Base

Figure 2 shows the parts subjected to hardening heat treatment (arrows indicate the places where the electrical
conductivity of the alloy was measured).

Fig. 2. Heat-treated parts: a — traverse made of 1933 alloy; b — frame of the shock-absorbing strut made of B93pch alloy

Results. Studies in the state as received (after annealing) of the macrostructure of forgings and stamped workpieces,
fractures, and performed ultrasonic inspection did not reveal unacceptable deviations. The electrical conductivity of
alloy 1933 was 24.7 mSm/m, and for alloy B93h — 23.5 mSm/m. Figure 3 shows the microstructure of the 1933 alloy
in the delivery state. The grain structure of the alloy did not have a pronounced oriented character.

Fig. 3. Microstructure of alloy 1933 in the state as received

The characteristics of mechanical properties on longitudinal and transverse in width and transverse in thickness samples,
which were made from forged and stamped blanks, were determined. Heat treatment of samples (standard version) was
performed according to the following modes: alloy 1933 — the temperature of heating for quenching was 470 °C, cooling in
water with a temperature of 75-85 °C, artificial aging: 1 stage — 110 °C (holding time 24 hours, air cooling), 2 stage — 180 °C
(holding time 10-12 hours, cooling outdoors); alloy B93pch — quenching heating temperature 460 °C, holding time
180 minutes, cooling in water at a temperature of 75-85 °C, artificial aging: 1 stage — 120 °C (holding time — 8 hours, air
cooling), 2 stage — 170 °C (holding time — 8 hours, air cooling). The results of the studies are shown in Table 2. It follows from
the presented data that the values obtained after heat treatment of samples cut from forgings and stamped blanks comply with the

requirements of regulatory documents (RD).
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Table 2
Values of mechanical properties of heat-treated samples cut from forgings (alloy 1933)
and stamped blanks (alloy B93pch)
Results of mechanical properties RD Standard

. . Go,2, o 6,%, not | HB, not

Fiber direction o5, MPa MPa 3, % HB G5, MPa Go,2, MPa less than | less than
Lo 430 17.0 440-530 7.0
Longitudinal 480 | 433 | 112 430-500 | 2070 7.0
480 12.2 430-530 5.0
T in width - — === 4 2.0

ransverse in wid 500 457 2.0 149 430-500 390470 5.0 o

Transverse in 490 B 8.1 163 420-500 B 3.0
thickness 470 3.5 430-500 3.0

Note. The numerator contains the property values for alloy 1933, and the denominator — for alloy B93pch.

The technological process of manufacturing the products in question was multi-stage. After mechanical processing,
hardening heat treatment was carried out on large-sized parts with complex geometries. After heat treatment of the parts
according to traditional modes, a discrepancy in the indicators of RD mechanical properties was revealed. In this regard,
a number of modes and options of heat treatment have been investigated (Table 3):

Mode No. 1 (1933) — a typical version of heat treatment of a “traverse” part made of alloy 1933 according to the
production instructions;

Mode No. 2 (1933) — cither a variant of repeated heat treatment carried out to correct the discrepancy in the level of
properties after Mode No. 1 (1933), or a variant of heat treatment instead of Mode No. 1 (1933);

Mode No. 1 (B93) — a typical variant of heat treatment of a “frame” part made of B93pch alloy according to the
production instructions;

Mode No. 2 (B93) — either a variant of repeated heat treatment carried out to correct the discrepancy in the level of
properties after Mode No. 1 (B93), or a variant of heat treatment instead of Mode No. 1 (B93).

Table 3
Hardening heat treatment modes of “traverse” parts made of alloy 1933 and “frame” parts made of alloy B93
Heat treatment mode Tempering First stage of aging Second stage of aging
T =470°C, starting point
temperature — 455°C, holding T =110°C, holding T = 180°C, holding
Mode No. 1 . . . . . . . .
(1933) time — 250 min., cooling time — 24 h., cooling medium | time — 10-12 h., cooling
medium — water, — air medium — air
twater = 75-85°C
T =470°C, starting point
Mode No. 2 temperature — 455°C, holding T =110°C, holding T =180°C, holding
' time — 250 min., cooling time — 12 h., cooling time — 6 h., cooling
(1933) . . . . .
medium — water, medium — air medium — air
twater = 75-85°C
T =460°C, starting point
t ture — 445°C, holdi T =170°C, holdi
Mode No. 1 emperature == 4257, OINE | 1~ 120°C, holding time 8 h., ; nolane
time — 180 min., cooling . . . time — 8 h., cooling
(B93) . cooling medium — air . .
medium — water, medium —air
twater = 75—85°C
T =460 °C, starting point
temperature — 445 °C, holding T =120°C, holding T =175°C, holding
Mode No. 2 . . i . . . .
time — 180 min., cooling time — 10 h., cooling time — 10 h., cooling
(B93) . . . . .
medium — water, medium — air medium — air
twater = 75—85°C
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Table 4 shows the results of evaluating the mechanical properties after the studied modes and heat treatment options
for alloy 1933. Mode No. 2 (1933), presented in Table 3, allows you to obtain the required mechanical properties
corresponding to RD, and this mode can also be used as a repeated heat treatment to eliminate negative results after
processing according to Mode No. 1 (1933) — an unacceptably low level of alloy strength in the longitudinal and
transverse (width) direction of fiber.

Table 4

Results of mechanical properties tests after hardening heat treatment of the “traverse” part made of alloy 1933

Heat treatment mode

Mechanical properties

os, MPa | 692, MPa 0, % HB
Longitudinal direction of fiber
Mode No. 1 (1933) 430 370 10.1 129
Mode No. 2 (1933) (in re-processing option) 480 430 12.2 -
Mode No. 2 (1933) (in option of replacing Mode No. 1) 480 400 16.1 138
RD requirement 440-530 | 380480 | Not less than 7.0 | Not less than 110
Transverse direction of fiber (in width)
Mode No. 1 (1933) 420 370 13.2 129
Mode No. 2 (1933) - 470 450 113 _
(in re-processing option)
Mode No. 2 (1933)
(in option of replacing Mode No. 1) 480 410 il 138
RD requirement 430-530 | 370470 | Not less than 4.0 | Not less than 110
Transverse direction of fiber (in thickness)
Mode No. (1933) 430 - 16.3 129
Mode No. 2 (1933) (in re-processing option) 480 - 16.2 -
Mode No. 2 (1933) (in option of replacing Mode No. 1) 460 - 10.4 138
RD requirement 420-500 - Not less than 2.5 | Not less than 110

Table 5 shows the results of evaluating the mechanical properties after the studied modes and heat treatment options

for B93pch alloy.

Table 5

Results of mechanical properties test after hardening heat treatment of the “frame” part made of B93pch alloy

Mechanical properties

Heat treatment mode

G5, MPa 5, % HB
Longitudinal direction of fiber
Mode No. 1 (B93) 510 12.4 163
Mode No. 2 (B93) (in re-processing option) 450 15.5 121
Mode No. 2 (B93) (in option of replacing
Mode No. 1) 480 13.0 143
RD requirement 440-500 Not less than 7.0 Not less than 110

Transverse direction of fiber (in width)

Mode No. 1 (B93) 510 7.2 163
Mode No. 2 (B93) (in re-processing option) 440 13.5 121
Mode No. 2 (B93) (in option of replacing
4 . 14
Mode No. 1) 80 8.0 3
RD requirement 430-500 Not less than 4.0 Not less than 110

Transverse direction of fiber (in thickness)
Mode No.1 (B93) 490 4.0 163
Mode No. 2 (B93) (in re-processing option) 431 9.0 121
Mode No. 2 (B93) (in option of replacing
4 . 14
Mode No. 1) 80 8.0 3
RD requirement 420-500 Not less than 3.0 Not less than 110

Chemical Technologies, Materials Sciences, Metallurgy
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As it can be seen from the presented data, Mode No. 1 (B93) does not provide the required level of strength
properties in the longitudinal and transverse (in width) directions of the fiber of the part. The level of properties is
overestimated. At the same time, Mode No. 2 (B93) allows you to achieve the necessary property values when it is
implemented both in the re-processing option and in the replacement option of Mode No. 1.

Thus, the longitudinal and transverse (in width) directions of fiber are the most sensitive to the influence of heat
treatment modes in large-sized products made of alloys of the Al-Zn-Mg-Cu system. It is possible to achieve the
required level of strength properties by correcting the aging modes of alloys — either by reduction (alloy 1933) or by
increase (alloy B93pch) of duration.

The performed microstructural studies confirmed the absence of signs of burnout after quenching during processing
in all modes and variants of heat treatment. Figure 4 shows the microstructure of the studied alloys after hardening heat
treatment according to Mode No. 2 (1933) and Mode No. 2 (B93pch) (in options of replacing Mode No. 1). Since
significantly longer aging was used during heat treatment of alloy B93pch, dispersed particles of strengthening phases
are detected in the microstructure.

b)

Fig. 4. Structure of alloys after hardening heat treatment according to the modes:
a — Mode No. 2 (1933); b — Mode No. 2 (B93pch) (in options of replacing Mode No. 1)

The authors conducted studies on electrical conductivity of alloys 1933 and B93pch after different modes and
variants of heat treatment. Based on the results of these studies, it was possible to evaluate the P.1.22 extent of
decomposition of the supersaturated solid solution under different aging conditions, as well as the corrosion resistance
of the alloy, according to TU 1-804-475-2008. According to the RD requirements, in order to confirm satisfactory
corrosion resistance on semi-finished products made of alloy 1933 in the T2 and T3 states, electrical conductivity
index (Y') should be at least 22.5 mSm/m in the T2 state and at least 23.5 mSm/m in the T3 state; for alloy B93pch, the
electrical conductivity index should be within the range of 21-25 mSm/m. Electrical conductivity measurements were
carried out by the device on the most massive parts of the part (indicated by arrows in Fig. 2). In the state of delivery,
the electrical conductivity of alloy B93pch was 22.7-23.8 mSm/m. The measurement results are presented in Table 6.
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Table 6
Values of electrical conductivity at various stages of hardening heat treatment of alloys 1933 and B93pch

Heat treatment mode Condition of the workpiece during Electrical conductivity, mSm/m
heat treatment
After tempering 18.5-18.6
Mode No. 1 (1933) After the st stage of aging 19.6-19.8
Mode No. 1 (B95)
. 25.1-25.9
After the 2nd stage of aging 215036
After tempering 18.5-18.6
Mode No. 2 (1933)
Mode No. 2 (B95) After the Ist stage of aging 19.6-19.7
(in re-processing option)
. 25.1-25.7
After the 2nd stage of aging 242950
After tempering 18.5-18.7
Mode No. 2 (1933)
Mode No. 2 (B95) After the Ist stage of aging 19.6-19.7
(in option of replacing Mode No. 1) Aot o 2l stame of anin 759957
er e snastage 0T agie 24.3-25.0

As follows from the above data, as the processes of decomposition of a supersaturated solid solution develop during
aging, there is an increase in the electrical conductivity of the alloy, which is associated with a decrease in
supersaturation of a crystal lattice with atoms of alloying elements. At the same time, despite the shortened duration of
aging in the first and second stages, when implementing Mode No. 2 (1933), the values of electrical conductivity
practically coincide with the values after Mode No. 1 (1933). This indicates a sufficiently high degree of decomposition
of the supersaturated solid solution at the stages of aging during treatment according to Mode No. 2 (1933). The values
of electrical conductivity of the alloy confirm its sufficient CC resistance. The electrical conductivity of alloy B93pch
also meets the RD requirements.

Discussion and Conclusion. During hardening heat treatment of SSJ-NEW and TU 214 aircraft parts made from
large-sized forgings of the 1933 alloy and stamped blanks of the B93pch alloy, cases of inconsistency of strength
properties in the longitudinal and transverse (in width) directions of fiber of the parts were revealed.

It is shown that, depending on the configuration and dimensions of parts, the levels of the required characteristics of
mechanical properties of aging stages duration should be assigned differentially. The modes and options of heat
treatment of parts using a shortened (for alloy 1933) or increased (for alloy B95pch) holding time at aging stages are
proposed, which allows you to ensure the necessary level of mechanical properties and resistance to corrosion cracking
of large-sized products.

The studies conducted to investigate the effect of implementing different heat treatment stages on the electrical
conductivity of the 1933 alloy have confirmed the achievement of an adequate level of decomposition of the
supersaturated solid solution with the use of a shortened aging period for this alloy. This approach provides the
necessary strength and corrosion resistance levels. By extending the aging time for the B93pch alloy, a higher level of
electrical conductivity can be achieved.
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