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HccnenoBanbl 00pasiibl Kperneka — 00T, TAWKK U IIAOBI C UHKOBBIM OKPHITHEM, HAHECEHHBIM pas3-
JIUYHBIMHM CIIOCO0aMHU, 8 UMEHHO TajbBAaHMYECKUM, TePMOTUGP(PY3MOHHBIM, Ta30TEPMUYCCKUM, TOPSIUM
IIMHKOBaHWEM B paciliaBe IIMHKA U B paciuiaBe ranbdan (Zn + 5 % Al), a Takke ¢ IUHK-IAaMETBHBIM TTOKPHI-
TreM. [lomydeHsl maHHBIE MIEPOXOBATOCTH, MAUKPOTBEPAOCTH U KOd(pHIHEeHTa TPEHHS [IMHKOBBIX ITOKPHI-
TUH. YCTaHOBJICHO, YTO HauOOJbIICH TBEPIOCTHIO 001amaeT TepMoauddy3noHHOE MOKPHITHE, & HAMMEHb-
el — MNOKPBITUE, IOIYYEHHOE rOpsSYMM [IUHKOBAHHEM B paciliaBe IUHKA. MakcuMmanbHas IEpOXOBaTOCTh
R, HabmomaeTcs y ra3oTepMudeckoro u TepMonudGy3uoHHOTO MOKPHITHS. HarMeHbIast mepoxoBaTocTh y
MOKPBITHH, ITOJyYESHHBIX TOPSYUM ITMHKOBAaHUEM U rajbBaHMYCCKUM ocaxaeHueM. KoadduumenTsl TpeHus
MIOKPBITHI U3ydYaau B TEOMETPUU MANEI—IUCK JIJIS1 BCEX BHUJIOB MOKPHITUH. YCTAaHOBIEHO, YTO HAMOOJIBIIIHIA
k03 PHUIMEHT TPEHU UMEIOT IIMHK-TIaMelIbHOE U TepMoandPpy3noHHOE MTOKPHITHS, & HAMMEHBIITHH — Ta30-
TEPMUYECKOE TMOKPHITHE U MOJIYICHHOE TOPSINM ITUHKOBaHMEeM. PaccunTaHbl HOMUHAIBHBIE MOMEHTHI 3a-
TsOKKU 1711 0ontoB M3, M10 u M16. YcTaHOBIIEHO, YTO MOMEHT 3aTSKKH IOKPBITHI, HAHECEHHBIX METOI0M
rOpsYero LMHKOBaHUS B pacIijlaBe IMHKA M Ta30TePMHUYECKUM HAINbUIEHHEM, COOTBETCTBYET HOpMaM
P/137.001.131-89. ¥V ocTanbHBIX MOKPHITHI KOAQPHULIHEHT TpeHUs TpeOyeT KOPPEKTUPOBKH 3a CUET HCIIOIb-
30BaHMSI CMA3KU WM HAHECEHUS OTIOTHUTENBHBIX MOKPHITUN. [lomyueHHbIe pe3yIbTaThl MOTYT HUCIOIb30-
BaThCsI TIPH BHIOOPE IIMHKOBOTO MTOKPBITHS TSI KPETIEXKHBIX U3JISITUH.
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Abstract

Samples of fasteners were studied — bolts, nuts and washers with a zinc coating applied in various ways,
namely galvanic, thermal diffusion, gas thermal, hot galvanizing in molten zinc and in melt galfan
(Zn + 5% Al), as well as with zinc lamellar coating. Data on roughness, microhardness and friction coeffi-
cient of zinc coatings were obtained. It has been established that the thermal diffusion coating has the greatest
hardness, and the coating obtained by hot-dip galvanizing in molten zinc has the least hardness. The maxi-
mum roughness R is observed in gas-thermal and thermal-diffusion coatings. The lowest roughness is found
in coatings obtained by hot-dip galvanizing and galvanic deposition. The friction coefficients of coatings
were studied in finger-disk geometry for all types of coatings. It has been established that zinc-lamella and
thermal diffusion coatings have the highest coefficient of friction, and the lowest — gas-thermal coating and
those obtained by hot-dip galvanizing. The nominal tightening torques for bolts M3, M10 and M16 are cal-
culated. It has been established that the tightening torque of coatings applied by hot-dip galvanizing in molten
zinc and gas-thermal spraying complies with the standards of RD 37.001.131-89. For other coatings, the
friction coefficient requires adjustment through the use of lubricants or the application of additional coatings.

The results obtained can be used when choosing a zinc coating for fasteners.
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DOI: 10.32864/0202-4977-2023-44-5-456-462

Aopec 0na nepenucku:

O.C. bonoapesa

Camapcruil HayuoHATbHbLI UCCTIe0068aMEeTbCKULL YHUGEPCUMEN UMEHU
axaodemuxa C.I1. Koponesa,

Mockosckoe wiocce, 34, 2. Camapa 443086, Poccus

e-mail: oshond@yandex.ru

Address for correspondence:

0.S. Bondareva

Samara National Research University,
Moskovskoe shosse, 34, Samara 443086, Russia
e-mail: oshond@yandex.ru

Mns yumuposanus:

B.B. E¢ppemos, O.C. bonoapesa, O.C. [lobvruuna, K.K. ITunna
BuiisiHHE CTPYKTYpBI, LIEPOXOBATOCTH, MUKPOTBEPIOCTH U

K03 dHIHEHTA TPEHHS IMHKOBOTO TIOKPHITHSI HA MOMEHT 3aTSIKKU
Pe3b00BOr0 COCIMHEHHSI.

TpeHue u u3HoC.

2023.—T. 44, Ne 5. — C. 456-462.

DOI: 10.32864/0202-4977-2023-44-5-456-462

For citation:

V.V. Efremov, O.S. Bondareva, O.S. Dobychina, and C.K. Pilla
[Influence of Structure, Roughness, Microhardness and Friction
Coefficient of Zinc Coating on the Tightening Torque of a Threaded
Connection].

Trenie i Iznos.

2023, vol. 44, no. 5, pp. 456462 (in Russian).

DOI: 10.32864/0202-4977-2023-44-5-456-462

457



Tpenue u usHoc
2023. —T. 44, Ne 5. — C. 456—462
B.B. E¢hpemos u op.

Friction and Wear
2023, vol. 44, no. 5, pp. 456—462
V.V. Efremov et al.

CHcoK HCIOJIb30BAHHBIX HCTOYHUKOB

1.

2.

10.

11.

12.

Hoabkun B.W. [uHK 11 3aIIUTE OT KOPPO3UH //
Oynmamentsl. — 2021, Ne 1, 68—71

Pola A., Tocci M., and Goodwin F.E. Review of
Microstructures and Properties of Zinc Alloys //
Metals. — 2020 (10), no. 2, 16

Chung P.P., Wang J., and Durandet Y. Deposition
Processes and Properties of Coatings on Steel Fas-
teners // Friction. — 2019 (7), 389—416

Croccolo D., De Agostinis M., and Fini S. Tribo-
logical Properties of Bolts Depending on Different
Screw Coatings and Lubrications: An Experimental
Study // Tribol. Int. — 2017 (107), 199—205
Eamanos U.M., [aposckoii I'.B. IloBblmenue
TOYHOCTH ONpeAeNicHus KodQPHUIHeHTa TPeHUs Ha
MamuHaxX TpeHus tuna Amcnep / Tpenwe m m3-
Hoc. — 2009 (30), Ne 4, 405—413

Nassar S.A. and Zaki A.M. Effect of Coating
Thickness on the Friction Coefficients and Torque-
Tension Relationship in Threaded Fasteners // J. Tri-
bol. — 2009 (131), no. 2, 205—216

. Jiang K., Liu Z., Yang C., Zhang C., and Tian Y.

Effects of the Joint Surface Considering Asperity
Interaction on the Bolted Joint Performance in the
Bolt Tightening Process // Tribol. Int. — 2022 (167),
160—168

. Byaoituuk U.A., Koncrantunos B.M. Brnusnue

TepMoan(y3MOHHOTO IIMHKOBAHMS Ha IKCILTyaTa-
I[HOHHBIE CBOWCTBA TEPMHUUYECKH 0OpabOTaHHBIX
CTaNbHBIX W3Aenuil // Jlutbe u merauryprus. —
2020, Ne 4, 131—138

Satyendra Y. Performance Observation of Hot Dip
Galvanization for Steel Sheets // Materials Today:
Proceedings. — 2021 (46), 6700—6703

Swain R.K., Upadhyay P., Nag A., Banerjee A,
Bhagat A.N., Basu A., and Mallik A. Electro-Gal-
vanization of Zinc and Zinc-Nickel onto Mild Steel
for Improved Corrosion Resistance // Materials To-
day: Proceedings. — 2022 (62), 6257—6264
Arman S.Y., Ramezanzadeh B., Farghadani S.,
Mehdipour M., and Rajabi A. Application of the
Electrochemical Noise to Investigate the Corrosion
Resistance of an Epoxy Zinc-Rich Coating Loaded
with Lamellar Aluminum and Micaceous Iron Oxide
Particles // Corrosion Science. — 2013 (77), 118—
127

Xigiang Z., Ruijie L., Guanghua L., and Wei P.
Zinc Coating on Steel by Atmosphere Plasma Spray
and Their Anti-Corrosion Behavior // Materials Let-
ters. — 2022 (314), 3—7

2.

10.

11.

12.

References
1.

Polkin V.I. Zinc dlya zaschityot korrozii // Funda-
menty. — 2021, Ne 1, 68—71 (in Russian)

Pola A., Tocci M., and Goodwin F.E. Review of
Microstructures and Properties of Zinc Alloys //
Metals. — 2020 (10), no. 2, 16

. Chung P.P., Wang J., and Durandet Y. Deposition

Processes and Properties of Coatings on Steel Fas-
teners // Friction. — 2019 (7), 389—416

. Croccolo D., De Agostinis M., and Fini S. Tribo-

logical Properties of Bolts Depending on Different
Screw Coatings and Lubrications: An Experimental
Study // Tribol. Int. — 2017 (107), 199—205

. Elmanov .M. and Darovskoi G.V. Improvement

of the Accuracy of Friction Coefficient Determina-
tion with Amsler-Type Friction Machines // Journal
Friction and Wear. — 2009 (30), no. 4, 297—304

. Nassar S.A. and Zaki A.M. Effect of Coating

Thickness on the Friction Coefficients and Torque-
Tension Relationship in Threaded Fasteners // J. Tri-
bol. — 2009 (131), no. 2, 205—216

. Jiang K., Liu Z., Yang C., Zhang C., and Tian Y.

Effects of the Joint Surface Considering Asperity In-
teraction on the Bolted Joint Performance in the Bolt
Tightening Process // Tribol. Int. — 2022 (167),
160—168

. Buloichik 1.A., Konstantinov V.M. Vliyanie ther-

modiffuzionnogo zincovaniya na expluatacionnye
svoistva  thermicheski  obrabotannyh  stalnyh
izdeliy // Litye | Metallurgiya. — 2020, Ne 4, 131—
138 (in Russian)

. Satyendra Y. Performance Observation of Hot Dip

Galvanization for Steel Sheets // Materials Today:
Proceedings. — 2021 (46), 6700—6703

Swain R.K., Upadhyay P., Nag A., Banerjee A,
Bhagat A.N., Basu A., and Mallik A. Electro-Gal-
vanization of Zinc and Zinc-Nickel onto Mild Steel
for Improved Corrosion Resistance // Materials To-
day: Proceedings. — 2022 (62), 6257—6264
Arman S.Y., Ramezanzadeh B., Farghadani S.,
Mehdipour M., and Rajabi A. Application of the
Electrochemical Noise to Investigate the Corrosion
Resistance of an Epoxy Zinc-Rich Coating Loaded
with Lamellar Aluminum and Micaceous Iron Oxide
Particles // Corrosion Science. — 2013 (77), 118—
127

Xigiang Z., Ruijie L., Guanghua L., and Wei P.
Zinc Coating on Steel by Atmosphere Plasma Spray
and Their Anti-Corrosion Behavior // Materials Let-
ters. — 2022 (314), 3—7

E-mail: FWJ@tut.by

J11st nproOpeTeH st MOTHOTO TeKCTa CTaThH, 00paIlaiTech B peAAKINIO XKy pHaIa.

Anpec pemakunn: 246050, yi. Kuposa 32a, r. 'omens, benapycs. Tenedon/dakc: +375 (232) 34 06 36 / 34 17 11
Full text of articles can be purchased from the editorial office.
Address: 32a Kirov Street, Gomel, Belarus, 246050. Phone: +375 (232) 34 06 36. Fax: +375 (232) 34 17 11

458


mailto:FWJ@tut.by

