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PO3POBKA METOJUKHA HEPYMHIBHOI'O KOHTPO.IIO IIPYKUH
3 BUKOPUCTAHHAM MATHITHOI'O CTPYKTYPHOI'O AHAJII3Y

IleBuenko O.B.

DEVELOPMENT OF A METHOD OF NON-DESTRUCTIVE TESTING
OF SPRINGS USING MAGNETIC STRUCTURAL ANALYSIS

Shevchenko O.V.

B cmammi  oocnidoceno  83a€m038’A30K  Midc
meepoicmio, 3ANUMKOB0IO deghopmayicio nio
HABAHMAICEHHAM MA KOEPYUMUBHOIO CUNOI0 HPYIHCUH
RIOGICKU PYXOMO20 CKAAOY 3ANI3HUYHO2O0 MPAHCHOPINY.
3a pesyremamamu 6unpoOY8aHs NPYHCUH HA 3ATULUKOBY
depopmayiio nio HABAHMAICEHHAM BCMAHOBAEHO, WO
ONMUMATLHOIO CHPYKMYPOIO APYHCUH € MPOOCMUM
gionycky. Came cmpykmypa mpoocmumy 6iOnycKy
3abe3neuye  ONMUMATIbHI  NPYICHI  GIACMUBOCMI
NPYICUHHUX ~— cmanell 8  YMO8AX  3HAKO3MIHHUX
Haganmagicens. J06edeHo, wjo Oasi KOHMPONIo SAKOCMI
NPYICUH 3aMiCmb NPoyedyp GUMIPIOBAHHSA MEepOOCHi
ma 3aaUmK080i deghopmayii MOJCHA BUKOPUCTOBY8AMU
npoyeoypy GUMIPIOBAHHI KOEPYUMUBHOL CUNU NPYIUCUH.
Koepyumusna cuna, maxooic sx i meepdicmo, €
CMPYKMYPHO YYMAUSUM napamempom. Bnposaoowcenns y
BUPOOHUYUL NPOYEC MAZHIMHO20 CHPYKMYPHO20 AHALI3Y
3amicmb  GUMIPIOGAHHS MBepOOoCmi ma GunpoOysans
npyJIcur  Ha - 3aIUWKO8y  depopmayilo  003605€
CYMmEBUM YUHOM CHPOCMUMU NPOYeoypy KOHMPOIO
AKocmi  npyxcuH. Bcmawnoeneno, w0 HAAGHICMb HaA
NOBEPXHI NPYHCUH 3HEBY21eYbOBAHO20 WAPY NPAKMUYHO
HIAK He 6NIUBAE HA KOEPYUMUGHY CUNY NPYICUH, 3d
YMOBU, AKWO MOBUWUHA 3HEBY2NeYybO8AHO20 Wapy He
nepesuwye  3HAUEHb,  PeIAMEHMOBAHUX  Olo4UM
cmanoapmom. Omoice, negue, ane me Oyjce cymmege
SMEHUIeHHA ~ KOEPpYUMUSHOI  CUlU  NPYHCUH 1O
BIOHOWEHHIO 00 PEKOMEHOOBAHUX 3HAYEHb  MOJiCe
cei0yuUmu  Npo  HAAGHICMb HA NOBEPXHI  NPYICUH
3HEBY21eYbOBAHO20 UWAPY HOHAOHOPMOBOI MOBUUHIL.
Hassenicme Ha nosepxwi npyxcun mpiyuH HIAK He
6NIUBAE HA IXHIO KOEPYUMUBHY CUNLY, HE3ANeHCHO 8i0
npupoou mpiwun ma Mexaumizmie iXubo2co YmeopeHHs.
Koepyumuesna cuna npyscun 3anexcums GUKIIOYHO 8i0
IXHbOI cmpYKmypu, KA BU3HAYAEMbCA PEHCUMOM
mepmiunoi  06pobKu. Jlogedeno, wo oOnMUMAaIbHA
meepoicmes  NPYJICUH Ma  KOepYumueHa Cuid, o
8ionogioae yiu meepoocmi, Mox’Cymv 6ymu 6CMAHOBIEHL
auwe 30 pe3yrbmamamit  NOnepeoHix eunpobyeans
NPYIHCUH Ha 3ATUUKO8Y depopmayiro nio

Hasaumadicennsam. Came 3anuuikosa Oegopmayis nio

HABAHMANCEHHAM € OCHOBHONW eKanzyamauiﬁHmo
xXapakmepucmuKkoro NPYIHCUH, KUl susHadae
MOIHCIUBICIND abo HeMOHCIUBICINb ixHb020

BUKOPUCMAHHS 8 MUX a0 Hwux ymogax. Takum uunom,
pe3yrbmamu  00CHiodNceHb 00360MAI0Mb  6CMAHOBUMU
63A€EM038 ‘130K Midic EKCNLyamayiiHumMu
Xapaxmepucmuxkamu ma CmpyKmypol npyjucur i came
HA OCHOBI Yb020 83AEMO38 SI3KY PO3POOUMU ONMUMATLHY
MEMOOUKy — HEpYUHI6HO20 — KOHMPONIO — CIMpPYKmMypu
NPYIUCUH 8 YMOBAX CePIliHO20 BUPOOHUYMEA.

Knrouosi cnosa: npyscunna cmanv, meepoicmo,
mpoocmum, 3AMUMKO8A Ooeghopmayis nio
HABAHMAICEHHAM, KOEPYUMUBHA CUNA.

Beryn. MarHiTHUE CTPYKTypHHH aHami3 €
OJIHAM 3 TPOTPECHBHHUX METOMIB HEPYHHIBHOTO
KOHTPOJIIO CTPYKTYPH KOHCTPYKLIHHHUX MaTepiaiiB
y cydacHOMY MammHOOymyBaHHI [1, 2]. 30kpema,
MarHiTHUH CTPYKTypHHH aHaji3 MoXxe OyTH
HAJA3BUYAWHO €(PEKTHBHUM IIPH KOHTPOJI SKOCTI

CTpykTypu mpyxuH. CraHOM Ha CBhOTOJHI
HAMOIBII ~ THIIOBHM  METOJIOM  KOHTPOJIIO
CTPYKTYpH TIPY’)KHH € BUMIPIOBAaHHS IXHBOI

TBEPIOCTi. AJle B yMOBaX CEpitHOTO BUPOOHUIITBA,
3 ypaxyBaHHSM TeOMETpil BHTKIB MpPYXHH,
BUMIPIOBAaHHS  TBEPIAOCTI  BHUKJIWKAE  IICBHI
yexnamuaenHs [3]. i yckmagHeHHS MOXHA JOBOJI
JETKO  TONOJIATH, 3aMIHUBIIA  BHMIipIOBaHHS
TBEPJOCTI BHMIpPIOBAaHHSM KOCPIIMTUBHOI CHIIH.
Bigomo, 1o I OUTBIIIOCTI  KOHCTPYKITIAHUX
cTaJyiell iCHy€e OJJHO3HAYHA 3aJICKHICTh MiXK TXHBOIO
TBEPIICTIO Ta KOEPIUTHBHOIO cmioro [4]. Came Ha
bOMY 0a3ye€TbCs BUKOPUCTAHHS MAarHITHOTO
CTPYKTYPHOTO aHANi3y JUISI KOHTPOIIIO SIKOCTI
TepMidHOI 00poOKH [5]. BaximBoio oOcTaBHHOIO
TYyT € Te, W0 [UId BH3HAYEHHS [iala3oHy
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ONTUMATBHUX  3HA4YeHb KOEPUUTHUBHOI  CHIH
HEOOXITHO 3a3aJIeT1 b 3HATH niama3o”
ONITUMAIPHUX 3HAUYEHBb TBEPAOCTI.

Bumorn nm0 TBepHOCTI TPYXHH 3HAYHOIO
MipOI0 3aJIe)KaTh BiJl YMOB iXHBOI eKcIuryaTartii [6].
Hagite mpyxuHH, BUTOTOBIIEHI 3 OnHiel 1 Tiei x
caMoi KOHCTPYKIIIHHOI CTasli, ajie Mpu3HaYeH] IS
pi3HUX YMOB eKCIuTyaTawii, MOXYTb
XapaKTepHU3yBaTUCh a0COJTIOTHO pi3HEIMH
BUMOTaMH 10 TBepAOCTi. [Ipu 1bOMy BaXKJIMBHM €
Te, IO pi3Ha TBEPAICTH Oyae 00yMOBIICHA Pi3HUMHU
peXUMaMH TepMiuHOi 0OpoOKH, a, OTKe, 1 PI3HOI0
CTPYKTyporo. 3rimHo [6], OCHOBHHUM METOIOM
MEXaHIYHUX BUIIPOOYBaHb MIPYKUH €
BUIPOOYBAaHHA Ha 3AJHINKOBY JehOpMAIIiio IIif
HAaBaHTAXKCHHSAM. YCi TpPYXHHH, 10 MAalTh
HagIMIpHO BHCOKY a00  HaIMIpHO  HHU3BKY
3QJUIIKOBY NehOpMAIlif0 MMiJl HABAHTAXKCHHSIM,
B1I0OpaKOBYIOThCS. BUX0ASI4H 3 IOTO, AOILIBHUM €
BCTAQHOBIICHHS B3a€MO3B’SI3Ky MDK TBEPJHICTIO
MPYKHUH Ta iIXHBOIO 3AJIMIIKOBOIO Ae(opMaliiero i
HaBaHTaXEHHsM. lle 703BONHMTHE  OJHO3HAYHO
BU3HAYUTH Jiama3oH ONITUMATBHUX abo
JOITyCTUMUX 3HAYCHb TBEPIOCTI mpyxuH. [licms
[FOTO EKCIIEPUMEHTAIBHUM HUIIXOM MOXXKHa Oyrne
BU3HAYUTH Jliana3oH ONTUMAITBHUX abo
JOITyCTUMHUX 3HaYeHb KOSPIUTUBHOI CHITH TIPY>KHH.
HasBHICTH TakMx IOaHUX NaCTh 3MOTY 3aMIiHHUTH
MPOIIEIYPY BUMIPIOBAHHS TBEPIOCTI TMPYKHH Ta
MPOLEAYPY BUIPOOYBAHHS MPYKUH HA 3AIIUIIKOBY
nedopmariiro 3Ha4HO OUTBII MPOCTOIO Ta 3PYIHOIO
MPOIIEAYPOI0 BUMIPIOBAHHS KOSPIIUTUBHOT CHITH.

MeTow podoTH € po3pobka TPOIEAYpPH
KOHTPOJIFO SKOCTI CTPYKTYpH TPYXHH ILISXOM
BUMIPIOBaHHS IXHBOI KOSPIIUTUBHOI CHIIH, SIKA MA€E
3aMiHUTH TIpOLEAYpY BHUMIpPIOBaHHS TBEPAOCTI
MPYXHUH Ta MPOUEAYPY BUIPOOYBaHHS MPYKUH Ha
3aJIMIIKOBY Je(OpMaLiio i/l HABaHTaKEHHSM.

3aBaaHHA 10CTiKEeHHS:

1. BcraHOBUTH B32€MO3B’SI30K MiXK TBEPIICTIO
MPYKHUH Ta iIXHBOIO 3AJIMIIKOBOIO Ae(opMalii€ero i
HaBaHTaKCHHSIM. Busznauntu Jliana3oH
ONTUMATBHHUX 3HAYEHBb TBEPAOCTI MPYKHH.

2. BcTaHOBUTH B3a€MO3B’SI30K MiXkK TBEPIICTIO
MPYXUH Ta iXHBOIO CTPYKTYpPOIO 3 METOIO
BHU3HAUYCHHSI ONITHMAJILHOI CTPYKTYPH TIPYKUH.

3. BcTaHOBUTH B3aEMO3B’ 130K MiX TBEPHICTIO
MPYXUH Ta IXHBOK KOCPIUTUBHOK CHIIOKO.
BuzHaunti mgiamazoH  ONTHMAajbHUX  3HAYEHb
KOEPIIUTUBHOI CHJIH TIPYKHH.

Metoauka NPOBeCHHS TOCHTiIKEHb.
BamuiikoBa  gedopmarlliss  BH3HAYajgach  Ha
npyxxuHax 8TH 281.319 miaBicku enekTpoBo3a
2EJIS srigao JACTY 1452-96 (puc. 1). Hiamerp
BUTKIB TpYyXuH — 42 MM, Mmarepian — cCTajb
60C2XDA (LACTY 14959-99).
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Puc. 1. Cxema BunpoOyBanns npysxua 8TH 281.319
HA 3QJIMIIKOBY Ie(pOPMAIIiFO il HABAHTAXKCHHAM

BunpoOyBanas Ha 3aJMIIKOBY JehOpMaIliio
MPOBOMWINCH Ha TiapaBimigHoMmy mpeci I1-125.
CriovaTky TpYXHHY CTHCKAlOTh JBa pa3H IIiJ
HaBaHTaxeHHsM 100 xH. Ilicns moBHOTO 3HATTS
HABAaHTAXKCHHS BHUMIPIOIOTh BHCOTY MPY)KHHU.
Bucora nmpyxuwHH ~TNCHA  TEPHIOTO  ITUKITY
BHIPOOYBaHb 3MIHIOBAaTHCh HE IMOBHHHA. [loTiMm
NpPYKUHY CTHCKAIOTh ITiJi HaBaHTaxkeHHAM 68,7 kH
1 BUMIPIOIOTH 1i BUCOTY B HABAHTA)KCHOMY CTaHi.

Hust BUMIpIOBaHHS TBEPIOCTI
BUKOPHCTOBYBaBcs TBepAoMip Tumy TK, ams
BU3HAYEHHS  MIKPOCTPYKTYpH  —  ONTHYHHN
MiKpOCKOII MIM-8, JUIS BUMIpIOBaHHS
KOCPIMTUBHOIO CHutH — Koepruutumetp KIMO-1.

Pe3syabTaTn €KCIEPUMEHTAIBLHUX
IOCTiTKeHb Ta ixHili aHaxi3. BunpoOyBaHHIM Ha
3aIUIIKOBY  aedopmariiro  Oyiao migmano 20
MPYXUH. Y Ci IPYXUHU TiIJaBATUCh TAPTYBAHHIO Y
Macii Big Temmeparypu 860°C 3 HacTymHHM
BigmyckoM  mpu  Temmeparypi  350-450°C.
AOcomoTHe BiAXWICHHS (aKTHYHOI 3aJHIIKOBOT
nedopMaliii  IpyKHH BIJHOCHO HOMIHAJBLHOTO
3HavyeHHs wiei aedopmanii (77 MM) He MOBHHHE
nepesuilyBatu + 7 MM Ta -5 MM. IIpu npomy He
JIOTIYCKAEThCS HASBHICTH OyAb-IKOi 3aJIUIITKOBOT
nedopMmarlii  TPYXKUH TICJIS TIOBHOTO  3HATTS
HaBaHTAKCHHA. 3amuIIKoBa nedopmariis mpyKuH
NeNe 1, 6, 12, 15, 19 He BiamoBigae HOPMATHUBHUM
MOKa3HUKaM (Ta0i.). 3alie’XHO BIJ] BEITUIHHH
3QJIMIIKOBOI AedopMartii mix HaBaHTAKEHHAM, YCi
MPYXUHH, KOTpI HE TNPOWIUIM BHUIPOOYBAHHS,
MO>KHA PO3AUIATH Ha MBI OKpeMmi rpymu. Jlo meprmoi
TPYOH  BIiTHOCATHCS  TPYKWHHU,  3aJIUIIKOBa
nedopMalris KOTPHX ITiJ] HABaHTa)KEHHSAM MEHIIa 3a
HIDKHIO MEXY, IO JOPiBHIOE 72 MM (TipyKuHU NoNe
6, 19). lo nmpyroi rpynu BiZHOCATBCS TPYXKHHH,
3QJIMIITKOBA nedopmarris KOTPHUX T T
HABaHTAXKCHHSM € OUTBIIOI0 32 BEPXHIO MEXKY y 85
MM (TipyxkuHA NeNe 1, 12, 15).
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Tabmuus
Pe3yabTaTn excnepuMeHTAIbHUX JOCTiIKeHb
3amnikoBa TBel:IﬂaICTB TBepmicts y Crpykrypa Koeprurusna cumna, A/cMm
Ne pyxuH nedopMartis . CEepIICBHHI, (TemmepaTypa (mo/micst 3HATTS
MTOBEPXHi, .
(), mm HRC HRC BiJIIYCKY) 3HEBYTJICIHOBAHOTO IIApy)
TpoocTo-copbit 50 -52/
1,12,15 86 - 88 36 - 38 35-37 (450°C) 50 - 50
Tpoocro-
6,19 68-71 48 - 50 47-49 MapreHcHT o
(350°C)
o 58 - 60/
Perra npyxun 74 -83 42 - 44 41-43 Tpooctut (400°C) 58 - 60
Ilpy>kuHE 3 TIABUINCHOIO  3aJMINKOBOIO  BHIAAKaX IICJS 3HATTS 3HEBYTJIEIILOBAHOTO ITApy

nedopMalli€ero  miJi CTAaTUYHHM HaBaHTAXCHHIM

MalTh BiTHOCHO HEBEIUKY TBEPIICTh, IO
BiJIOBi1a€e TPOOCTO-COPOITHIN CTPYKTYPI.
[pyxuan i3 3HIKEHOIO 3aJTMIITKOBOIO

nedopMalliero  miJi CTaTUYHHM HaBaHTAKCHHIM
BIIPI3HAIOTHECS — TIABHINCHOIO  TBEPIICTIO, IO
MpUTaMaHHa TPOOCTO-MAPTCHCUTHIN CTPYKTYpi.
[pyxwuHr i3  HOpPMaJdbHMMH  3HAYCHHSMU
3aJUIIKOBOI  nehopMallii MarTh TBEPHICTh, IO
BIJINTOBI/Ia€ TPOOCTUTHIHN CTPYKTypi. TakuM YUHOM,
ONTUMAJBHOI CTPYKTYpPOIO TPYKWH, TMPHU SKid
JOCSITAIOTHCS.  HEOOXiJHI 3HAYCHHS 3aJIUIIKOBOI
nedopmarrii MIPYKAH b CTAaTUIHUM
HaBaHTAXKCHHSM, € TPOOCTHUT BIAMYCKY 3 TBEPHICTIO
41-43 HRC. Takiii cTpyKTypi BiAmoBizae
KoepHuTHBHA cuiia 58 - 60 A/cMm.

Ha nmpyromy erami JocihipkeHb — Oyio
MPOAHATI30BaHO BIUIUB 3HEBYIJICILOBAHOTO INAPY
Ha BEITUYUHY KOCPIIUTUBHOI CHUIH.
3HEBYIJICILOBAHUI  IMIap  YTBOPIOETHCS  TPH
HarpiBaHHi IPYXKHH ITiJ] rapTyBaHHs. Voro ran6uxa
3aJeKUTh BiJ ckiagy atmocdepu, B - SIKiH
BiI0OYBa€ThCS HArPIBaHHA. Y JTaHOMY JOCIIHKCHHI
BUKOPUCTOBYBAJIMCh MPYXWUHH, IO HArpiBAIUCH
i TapTyBaHHS B MOBITpi, 03 BUKOPUCTAHHS Oy 1b-
SIKOTO 3aXUCHOTO Ta30BOTO CEPEIOBUINA. 3a TaKUX
YMOB HarpiBaHHs, 3a3BHYai, CIIOCTEPITa€ThCS
MaKCHMabHA TIHOWMHA 3HEBYTJICIILOBAHOTO APy,
sKa, TAM HE MEHII, HE TICPEBUIIYE 3HAUYCHD,
periilaMeHToBaHuX fitounM crangaproMm (ACTY
1763 - 98). 3rigHO WHOTO CTAaHAAPTY TIUOWHA
3HEBYTJICI[LOBAHOT O mapy HE MTOBUHHA
nepesuntyBatu 2,5 % Bix miamerpy mpokaty. B
MIPY’KUHAX 13 TPOOCTO-COPOITHOIO CTPYKTYPOIO, B
SKUX  CIIOCTEPIraeThCs HaIMipHA  3aJIUIIKOBA
nedopMartiss i CTaTUYHUM HaBaHTAXKEHHSM,
MICTUTBCS 3HEBYIJICIILOBAHUH 11ap riubuHo 0,4 -
0,5 MM (puc. 1). 3HeBYyTrIeNbOBAHUN AP TAKOI XK
camoi TTIMOMHH MICTHTHCS B MIPYKHHAX 13 TPOOCTO-
MapTEeHCUTHOIO (puc. 2) Ta  TPOOCTUTHOIO
CTPYKTyporo. XapakTepHUM € Te, M0 Y BCiX

nutipyBaHHSIM KOEPIMTUBHA CHJIa Maibke He
3MiHOETBCA (Tabm. 1). Omxke, MOXHaA 3poOHUTH
OOTpYHTOBAHHMI BHUCHOBOK IIPO T€, IO HASBHICTH
3HEBYIJICILOBAHOTO IApy Ha IMOBEPXHI MPYXUH
HISIK HE BIUTUBAE HA iXHIO KOCPIUTUBHY CHITY 3a
YMOBH, SKIO TITUOWHA 3HEBYIJICILOBAHOTO MIAPY
HE MePEBUIIY€ 3HAYCHD, PETJIAMEHTOBAHUX JIIFOUUM
crannaptoM. ToOTO, BUMIpIOBaHHS KOSPIIUTUBHOIO
CWJIM MOXHA TPOBOAUTH OJpa3y IMICIS BiITyCKY
NPYKUH, 710 IXHBOTO NUTiQyBaHHS.

Puc. 2. 3neByrnensoBanuii map B mpy>KUHaX
i3 TPOOCTO-COPOITHOO CTPYKTYPOIO, X 300

Puc. 3. 3HeByrnenpoBaHui map B MpyXKHHAX
i3 TPOOCTO-MaPTEHCUTHOIO CTPYKTYpoIo, x 300

BucnoBku. 1. OntumanbHOIO CTPYKTYPOIO
MIPYXUH, TIPU SKil JOCATAIOThCS 3aj[aHi 3HAYCHHS
iXHBOI 3aNMIIKOBOI JedopMarllii ImiJg CTaTHYHHM
HaBaHTa)XCHHSM, € TPOOCTUT TBepaicTio 41 - 43
HRC.
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2. BcraHoBiieHO — B3a€EMO3B’SI30K  MiXK
TBEPAICTIO Ta KOEPIMTUBHOIO CHIIOIO0 TPYXKHUH.
OnTuManpHI TBEPAOCTI TPYXUH  BIIIOBITAE
KoepuuTrBHa cuia 58 - 60 A/cm.

3. HasBHICTH 3HEBYIJICIHOBAHOTO IMapy HE
BIUIMBAE Ha KOEPIUTHBHY CHIY MPYXHUH, SKIIO
HOro TIMOMHA MEPEBUIY€E 3HAUYCHB, BCTAHOBIICHUX
JUIOYUM CTaHAAPTOM.
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Shevchenko O.V. Development of a method of
non-destructive testing of springs using magnetic
structural analysis.

The article examines the relationship between
hardness, residual deformation under load and coercive
force of springs of rolling railway transport. According
to the results of spring tests for residual deformation
under load, it was established that the optimal structure
of springs is tempering troostite. It is the structure of the
tempering troostite that ensures optimal elastic
properties of spring steels under conditions of
alternating loads. It has been proven that instead of
hardness and residual deformation measurement
procedures, the coercive force measurement procedure
of springs can be used to control the quality of springs.
Coercive force, like hardness, is a structurally sensitive
parameter. The introduction of magnetic structural
analysis into the production process instead of hardness
measurement and spring tests for residual deformation
allows to significantly simplify the spring quality control
procedure. It was established that the presence of a
decarburized layer on the surface of the springs
practically does not affect the coercive force of the
springs, provided that the thickness of the decarburized
layer does not exceed the values regulated by the current
standard. Therefore, a certain, but not very significant
decrease in the coercive force of the springs in relation
to the recommended values may indicate the presence of
a decarburized layer of excessive thickness on the surface
of the springs. The presence of cracks on the spring
surface does not affect their coercive force, regardless of
the nature of the cracks and the mechanisms of their
formation. The coercive force of the springs depends
exclusively on their structure, which is determined by the
heat treatment regime. It has been proven that the
optimal hardness of springs and the coercive force
corresponding to this hardness can be established only
based on the results of preliminary tests of springs for
residual deformation under load. It is the residual
deformation under load that is the main operational
characteristic of springs, which determines the
possibility or impossibility of their use in certain
conditions. Thus, the results of the research make it
possible to establish the relationship between the
operational characteristics and the structure of the
springs and to develop, on the basis of this relationship,
a method of non-destructive control of the structure of the
springs in the conditions of mass production.

Key words: spring steel, hardness, troostite,
residual deformation under load, coercive force.
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