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The alternative Ti-6Al-7Nb alloy has gained extensive progres-
sion due to its ability to eliminate the cytotoxicity of vanadium (V)
in Ti-6Al-4V alloy for orthopedic implants. The production of tita-
nium alloys by centrifugal casting shows significant potential to re-
duce costs. Heat treatment and aging can tailor the microstructure
and improve the corrosion resistance of titanium alloys. This study
examines the effects of various ageing times on the microstructure
and corrosion resistance of a centrifugal cast Ti-6Al-7Nb alloy that
has previously been heated and treated at a temperature of 1050 °C,
and subsequently cooled to room temperature in argon atmo-
sphere gas. Ageing was carried out at a temperature of 550 °C with
variable times of 0, 4, 6, and 8 hours. The surface morphology, metal
phase changes, and electrochemical characterization were tested
using an optical microscope (OM), X-ray diffraction (XRD), po-
tentiodynamic polarization (PDP), and electrochemical impedance
spectroscopy (EIS). The basket-weave microstructure is formed
where globularization occurs in some phases as ageing time increases.
Increasing the FWHM o value is correlated with increasing the
amount of o martensite phase. As an ageing time enhances, the
temperature might offer a greater driving constrain for the nuclea-
tion and expansion of the lamellar phase (o). Ageing of 8 hours
has the lowest corrosion rate, 0.0023 mpy and highest corrosion
resistance, 90457 Q-cm?, due to the partially bimodal structure
and grain refinement with a smallest grain size of 327.87 pum.
Tafel polarization results show that all passivated samples are
stable in the Solution Body Fluid (SBF). This work can be used
as a starting point for developing microstructural evolution in
titanium alloys.

Keywords: orthopedic implant, titanium alloy, ageing time, mi-
crostructure, corrosion resistance.
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The object of research is the deformation-force characteristics
of spring elements of thermostatic steam traps with the shape me-
mory effect.

The research solves the problem related to the imperfection of
the design of steam traps controlling elements and their high inertia.

Experimental studies on the impact of the spring force elements
cooling rate on the deformation-force characteristics were conducted.
Experimental studies showed that the significant impact of the
spring force elements cooling rate on the deformation-force cha-
racteristics is observed exceptionally under the deformation mode
at a temperature t<My. Based on the results of the experiments, it
was found that decreasing the cooling rate from 66.7 to 0.013 °C/s
has a positive effect on the spring element deformation-force cha-
racteristics.

Distinctive feature of the work is the study of winding pitch
and thermal force cycling impact on the deformation-force charac-
teristics of spring elements. It was found that using thermal force
cycling makes it possible to reduce the force required for complete
compression of the spring element by 60 %. Intensive decrease in the
force required for the complete compression of the spring elements
occurs during the first 100 thermal force cycles.

The rational method for spring elements heat treatment has
been given. It is based on the next steps: heating to a temperature

of 400-500 °C for 1 hour; exposure at this temperature for an hour;
cooling with rate 0.013 °C/s, the number of thermal force cycles is at
least 100 with a winding pitch of 8-10~% m. Based on research results,
an improved design of thermostatic steam trap with controlling
element in the form of cylindrical compression spring made of the
VSP-1 alloy based on nitinol has been presented.

Keywords: steam trap, spring element, shape memory effect,
inertia, thermal force cycling.
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The welding process plays a central role in the welding industry,
where the joint zone undergoing the welding process experiences
structural and mechanical property changes. This research evaluates
the comparison of current strength and parameters in the direc-
tional welding joint model, a critical aspect of addressing common
weaknesses in welded joints. The research objects include four
current levels (100, 120, 140, 160 A) and three types of welding
directions (longitudinal, transversal, and combination). The aim of
this study is to detect the optimal combination in welded joints that
can produce a maximum tensile strength ratio. The research method
involves tensile testing on various specimen models of joint types at
specific current strength levels.

The research results indicate that at the current strength level
of 120 A, the combined directional welding joint model (longitu-
dinal+transverse) provides a maximum tensile strength reaching
335.370 MPa. This finding stands out significantly, surpassing the
tensile strength values at other current levels and welding model
types, such as at 100 A (331.574 MPa), 140 A (332.315 MPa), and
160 A (332.685 MPa). This discovery highlights that the combined
joint model yields a substantial improvement in joint strength,
making it an optimal solution for various current strength levels and
joint models.

The key feature of this research involves specific recommen-
dations for the welding industry, including guidelines on selecting
optimal parameters to enhance the tensile strength of joints. The di-
rectional welding joint models can be a reference in designing weld-
ing procedure specifications to incorporate construction elements
using ST 42 material. This research contributes both theoretically
and practically, offering opportunities for improving efficiency and
structural safety in the welding process, thus positively impacting
the quality of joints in construction and manufacturing applications.

Keywords: current strength simulation, welding direction joint
model, tensile strength.
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EJIEKTPOXIMIYHA XAPAKTEPUCTHKA TA MIKPOCTPYKTVYPA CIIJIABY TI-6AL-7NB BI/IHEHTPOBUM JINTTAM J1JIA
OPTOITEIMYHOTO IMIIIAHTATY HA OCHOBI BAPIAIII YACY CTAPIHHA (c. 6-15)

Anjar Oktikawati, Rini Riastuti, Damisih Damisih, I Nyoman Jujur, Agus Paul Setiawan Kaban

Anprepratusnuii ciias Ti-6Al-7Nb nabys 3HauHOro mporpecy saBAsku CBOT 34aTHOCTI ycyBaTH IUTOTOKCHYHICTH BaHamio (V)
y ciunasi Ti-6Al-4V puist oproneauunux iMrianTaTis. BUpoOHUIITBO THTAHOBUX CILIABIB METOIOM BiIIIEHTPOBOTO JIUTTSI IEMOHCTPY€E 3HAYHII
MOTEHI[A Ut 3HIKEHHsT BUTPAT. Tepmiuna 06po0Ka Ta cTapiHHsA MOXKYTb a/[alTyBaTH MIKPOCTPYKTYPY Ta IIOKPAIUTH KOPO3iliHy CTIlKicTh
TUTAHOBUX CIJIABIB. Y IOMY IOCJI/KEHHI JOCTI/KYETHCS BILUINB Pi3HOTO Yacy CTApiHHs HA MiKPOCTPYKTYPY Ta KOPO3iiiHYy CTilKiCTh Bif-
1eHTpoBo JuToro criasy Ti-6Al-7Nb, akuii monepennbo HarpiBanu ta 06podusu mpu temneparypi 1050 °C, a moTiM 0X0I0KYBaIH 10 KiM-
HaTHOI TeMmepaTypu B arMocdepi aprony. Crapinns nposoauin ipu temreparypi 550 °C 3i aminaum vacom 0, 4, 6 i 8 rogun. Mopdodiorio
1oBepxHi, ha3oBi 3MiHU METATY Ta €JIEKTPOXIMIUYHY XapaKTEPUCTHKY TTEPEBIPSIIN 32 IOTIOMOTOIO OTITUYHOTO MiKPOCKOIIA, PEHTIeHiBChKOT Tnud-
paxitii, TOTeHIioAMHAMIYHOI MOJIAPU3aIlii Ta CIEeKTPOCKOIi eTeKTpoXiMigHoro iMmegancy. MikpocTpyKTypa nepernsieTents Koumka Gopmy-
€ThCA TaM, Jie BiiOyBaeThest rI00y Ispu3altis Ha gesKuX azax y Mipy 30iblierHs yacy crapitns. 361IbIIeH s 3HaYeHHs 0L TOBHOI IUPUHU Ha
MOJIOBUHI MAKCUMYMY KOPEJIIOE 31 301IbIIEHHIM KiJIbKOCTI MapTeHCUTHOI (hadu . Y Mipy TOro, SIK 4ac ctapins 301JIbIIyEThCsT, TEMIIepaTypa
MOJKe 3allPOIIOHYBaTH OlJIbliie PyTITiiiHe 0OMEKEHHS JIs 3aPO/KEHHS Ta PO3MIMPEHHs macTuiyactoi hasu (o). CrapinHs IpOTIroM 8 roauH
Mae HaiiHuskuy mBuaKicts koposii, 0,0023 mpy, i HaiiBunty koposiiiny crifikicrs, 90457 Q-cm?, 3aBasgku yacTKOBO GiMopaNbHil CTPYKTYpi
Ta MOAPIGHEHHIO 3epHa 3 HaliMeHIUM po3Mipom 3epHa 327,87 mxm. Pesyssratu mossipusartii 3a TadesiemM MOKasyioTh, 1110 BCi TTACHBOBaHi
3pasku crabinbHi B posunuHiil piguui. [Ig pobora Moke O6yTH BUKOpHCTaHA K BifllpaBHA TOYKA sl PO3POOKU €BOJIOIIT MIKPOCTPYKTYPHU
B THTAHOBHUX CILTABaX.

Kuro4oBi ciroBa: opTonenyHuil iMIITAHTAT, THTAHOBUI CIJIAB, Yac CTapiHHs, MiKPOCTPYKTYPa, CTIHKICTh 10 KOPO3ii.
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IMOKPAIIIEHHA XAPAKTEPUCTHUK TEPMOCTATUYHINX KOHAEHCATOBI/IBI/IHUKIB 3ACTOCYBAHHAM
IPYKUHHUX EJIEMEHTIB 3 EOEKTOM ITAM’ATI ®OPMMU (c. 16-22)

B. I. IImnuak, O. A. €unidanos, II. A. Ianypkoscekuii, 0. O. lllanoBanos

OG6’exToM srocaijukertst € aehopMalliiiHo-CUIOBI XapaKTePUCTUKU TPYKUHHUX €JIEMEHTIB TepMOCTATHYHUX KOHIEHCATOBIIBIIHIKIB
3 edpexroM mam’ati hopmu. IIpoBeseHi JOCAIKEeHHA BUPILLYIOTh POGIEMY, OB A3aHy 3 HEAOCKOHATICTIO KOHCTPYKIIii BUKOHABYMX OPraHiB
KOH/IEHCATOBI/BI[THUKIB Ta iX BUCOKOIO iIHEPINiHICTIO.

IIpoBeneHo excriepuMeHTaNbHI OCTIZIZKEHHS BIIMBY IIBU/IKOCTI OXOJIOJPKEHHS MIPY’KNHHNUX CUJIOBUX eJIeMEHTIB Ha jlehopMaltiiiHo-cu-
JIOBI XapaKTepUCTHKU. ExcriepuMeHTaIbHI OCTI/DKEHHS MOKa3ay, 1[0 3HAYHMUN BIUIMB IIBUAKOCTI OXOJIO/UKECHHST IPYKMHHUX CHJIOBUX
eJIeMeHTiB Ha JeopMalliiiHo-CUIOBI XapaKTePUCTUKHU CIIOCTEPIracThesl BUK/IIOUHO B PeXKUMi HaBeJleHHs fedopmMallii npu TemnepaTypi (< M;.
3a pesyJibTaTaMy €KCIePHMEHTIB BCTAaHOBJICHO, 1110 3HMKEHHS MIBUJKOCTI 0X0s10/ukeHHs 3 66,7 10 0,013 °C/c no3utnBHO BiMBae Ha jedop-
MaIliiiHO-CHUJIOBI XapaKTePUCTUKH HPYKUHHOTO eJIeMeHTa.

BinminHO© prcoio pobOTH € MOCIKEHH ST BIUIMBY KPOKY HAMOTYBAHHS Ta TEPMOCKJIOBOTO I[MKJIYBaHHS Ha JaehopMaliiiHo-C1IOBI Xa-
PaKTEPUCTUKHU TIPYKUHHKUX eJIEMEeHTiB, BCTaHOBJIEHO, 1110 BUKOPUCTAHHS TEPMOCHJIOBOTO IIUKJTYBAHHST JI03BOJISIE 3MEHIITUTH CUITY, HEOOXiHY
JUIST TIOBHOTO CTHCHEHHS TMPYKUHHOTO esieMenTa, Ha 60 %. [HTeHCHBHE 3HIKEHHST CHIIH, HEOOXIMHOI UIsl TOBHOTO CTHCHEHHS MPYKHHHUX
eJIeMeHTIB, Bif0yBaeTbest mpoTsirom nepinux 100 [UKIIiB TePMOCUIOBOTO IIUKJTY BAHHS.

[IpesicTaBieno parionasby TEXHOIOTIIO TEPMOOOPOOKH TPYKIHHNX eeMeNTIiB. BoHa CKITaaeThest 3 HACTYIHIX €TaTliB: HATPIBAHIS 10
temreparypu 400—-500 °C nporsirom 1 roguHu, BUTPUMKa IIPU 1Miil TEMIIEPATYPI IPOTIATOM rOAUHM, 0X0J0/KeHHs 31 mBuakicTio 0,013 °C/c,
KiTBKiCTB TIMKTIB TepMOoCHIOBOTO MK IyBamHs He Mermre 100 3 kpokom HamoTyBanHs 8-107° M. 3a pesyssTaTaMu I0CTiIKeHb TIPe/ICTaBIeHO
B/IOCKOHAJIEHY KOHCTPYKIIIO TEPMOCTATHYHOTO KOH/ICHCATOBI/IBI/THIKA 3 BUKOHABYNM €JIEMEHTOM y BUIJIS/I ITMJIHPUYHOI IPY’KUHK CTHC-
HenHs 3i crlaBy BCII-1 Ha 0CHOBI THTaH-HIKeJIEBOTO CIIABY.

Koro4oBi ciroBa: KOH/IEHCATOBIIBIIHIK, TIPYKUHHUIT eleMeHT, eeKT rmam’siti hopMu, iHepIiiiHiCTh, TEPMOCHIIOBE ITNKJTY BAHHSL.
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OIITUMI3ALIA IIAPAMETPIB MOJEJI HAIIPAMRY 3BAPIOBAHHA JIA HIABUIIEHHA MIITHOCTI HA PO3PUB
3’€AHAHD 31 CTAJII ST 42 IIJIAXOM MOJEJIOBAHHA 3MIHU CUJIU CTPYMY (c. 23-31)

Saripuddin M, Ariyanto, Sriwati, Muhammad Fathur Rahman

TTportec 3BapioBaHHst rpae HaBasKIMBIITY POJIb Y 3BaPIOBAJBHII rasysi, e B 30H1 3'€iHAHHS, 10 Ti/JAEThCs 3BapIOBAHHIO, Bi0yBa-
I0ThCS 3MiHUM CTPYKTYPHUX Ta MEXaHIYHUX BJIACTUBOCTEH. Y JOCIHIIKEHH] IIPOBOAUTHCS TTOPIBHAHHSA CUJIM CTPYMY i ITapaMeTpiB Mojesi
CIIPSIMOBAHOTO 3'€IHAHHS 3BAPIOBAHHSIM, IO € BAKJIMBHUM aCIIEKTOM JUIST YCYHEHHS 3aralbHIX HEJIOMIKIB y 3BapHuX 3'enHanHsax. O6’ek-
TaMU JIOCJI/PKeHHs € yotupu piBHi cusm ctpymy (100, 120, 140, 160 A) i Tpu Tunu HANPSIMKiB 3BapioBanHs (MO3/I0BXKHE, MOTIEPEYHE TA
KoMGiHOBaHe). MeTow MOC/IIPKEHHs € BU3HAUYEHHS ONTUMAJIbHOTO TOEAHAHHS Y 3BAPHUX 3'€[IHAHHSX, 110 J03BOJISAE 3a0€3II€UNTU MaK-
CUMaJBHUN KoeDillieHT MIlIHOCTI Ha po3puB. MeTo A0CIDKEH S BKIIOYAE BUTIPOOYBAaHHS Ha PO3PUB 3Pa3KiB PI3HUX TUIIB 3'€HAHD 32
IIeBHUX PiBHIB CUJIM CTPYMY.

PesysibraTi OCITIKEHb OKAa3yI0Th, O MpU piBHI cuan ctpymy 120 A Mojenb KOMGIHOBAHOTO CIIPSIMOBAHOTO 3'€IHAHHS 3Bapio-
BaHHAM (MO30BKHETTIONEpeYHe) 3a0e3nedye MaKCHUMaJbHy MII[HICTh Ha po3puB, 1o jgocsarae 335,370 MIla. Ileil pesysbraT 3HauHO



MepeBepIIyE 3HAUEHHsI MIITHOCTI Ha PO3PHB 3a IHIMX PIBHIB CUJIM CTPYMY i THIB Mojiesiell 3BaptoBanHst, Takux sik 100 A (331,574 M11a),
140 A (332,315 MIIa) ta 160 A (332,685 MIIa). Ile BiAKPUTTS MiAKPECITIOE, MO MOJEIb KOMOIHOBAHOTO 3'€/lHAHHS 3a0e31euye iCToT-
He TIOJIIIIeH s MIIIHOCTI 3'€IHanHs, MO POOUTH 11 ONTUMAJBHUM PIllEHHSAM IS PI3HUX PIBHIB CHJIM CTPYMY Ta MoJeJell 3'€lHaHusl.

Ki11040B010 0c06IMBICTIO JOCTIZKEHHST € KOHKPETHI PeKOMEeH/allii A1 3BapioBaibHOl rajysi, BKJIIOUAl0Ul peKOMeHAalii o/10 BUOO-
PY ONTHMaJIbHUX MAapaMeTPiB /IS MiABUMIEHHSA MIIIHOCTI 3’€iHanb Ha po3pus. Mojesi cripsMOBanOTO 3’ €AHAHHS 3BaPIOBAHHAM MOXKYTh
CITYSKUTH OPIEHTHPOM MIPU PO3POOII TEXHIYHIX YMOB 3BapIOBAIbHIX POOIT M1 BKIIOYEHHST KOHCTPYKTUBHIX €JIEMEHTIB 3 BUKOPUCTAH-
usam marepiany ST 42. [lane nociripkeHHsSI BHOCHTD SIK TEOPETUYHMI, TaK 1 IPAKTUYHIIT BHECOK, IIPOTIOHYIOUN MOSKJIMBOCTI JIJIs T /IBUIIIEH-
HsT eeKTHBHOCTI Ta KOHCTPYKTUBHOI Oe3MeKy B MPOIeCi 3BapIOBAHHS, 0 TO3UTHBHO TTO3HAYAETHCS Ha SIKOCTI 3'€HAHD B OYIiBHUIITBI
Ta BUPOOHUIITBI.

Kio4oBi ciioBa: MO/Ie/IIOBaHHS CUJTH CTPYMY, MOJIEJb CIIPSIMOBAHOTO 3BAPHOTO 3'€/[HAHHS, MIillHICTh HA PO3PUB.



