194 Maremaruune monenroBanHs Ne 2(39) 2018

DOI:

YK 669.01

C.B. KaanibHMKOB, acmipaHT KaeIpu TEXHOIOTTUHOro MpoekTyBaHHsI, bat 2008@ukr.net
Hamionansna Metanypriiina akanemii Ykpainu, M. J{Hinpo

MATEMATHUYHE MOJEJIOBAHHSA ITPOLHECIB JIA'HOCTUKHU 3A/IMIIKOBUX
HAIIPYKEHbD B 3BAPHUX 3'€IHAHHSX TPYb BEJIMKUX JIAMETPIB

Memoro danoeo docniddcenus € 0OPOOKA 8XIOHUX MA BUXIOHUX CUCHAIE BUMIDIOBANbHOI ana-
pamypu 015 0ia2HOCMUKY 3ATUUKOBUX HANPYHCEHb 8 36API0BAILHUX WBAX MPYD 8euKux Oiamempis 3
BUKOPUCTANHAM MmOy MASHIMHOL nam'smi memany.

B cmammi po3pobieno mamemamuuny mooenb 0iaeHOCMUKU 3AIUUKOBUX HANPYIICEHb 8 380-
PIOBAbHUX Wieax mpyod eenuxux diamempis. Y Oawiil OOCAIOHUYLKIL POOOMI NPOBOOUNUCT BUMIDIO-
BAHHA 3PA3KI6 HA HAABHICb 8 HUX 3ANUWKOSUX HANPYIHCEHb 3 SUKOPUCMAHHAM Memooy MAcHIMHOI
nam'smi memany 3a oonomocorw IKH-1M-4 — npunady sumipro8anus KOHYeHmMpayii Hanpyeu MOOei.
Ompumano piznuyesi pieHsAHHS 0151 NPOSPAMHOL peanizayii areopummy yu@dposozo oughepenyirosanms
npu PIi3HIl KIIbKOCMI MO40K 6XiOH020 cueHany. Pospobneno cmpykmypHy cxemy aneopummy npozpa-
MHOI peanizayii ouckpemnoi nepedasanivhoi @yukyii. Cuenanu 3 SUMIDIOBAILHUX NEPEmEOPIOSAis
nicisa nonepeonboi 06POOKU, KA NONAAE 8 NEPEMBOPEHHI AHAI0208020 CUSHANLY 8 YUGDPOBUll, HAOXO-
0Amb HaA CMY208Ull Pinbmp, NPUHAYEHHS AKO20 GIOPI3amu HU3KOUACMOMHY | BUCOKOUACHOMHY CKIA-
008L.

Knrouosi cnosa: nanpyoicenns, 36aprosants, iHOYKYis, pisHUYe8i PIGHAHHSL.

The purpose of this study is to process the input and output signals of the measuring apparatus
for the diagnosis of residual stresses in the welding seams of pipes of large diameters using the
method of magnetic memory of the metal.

In the article a mathematical model of diagnostics of residual stresses in welding joints of
pipes of large diameters is developed. In this research, measurements of samples were carried out for
the presence of residual stresses in them using the method of magnetic memory of the metal with the
help of the INN-1M-4 instrument of measurement of the voltage concentration of the model. Difference
equations for program realization of the digital differentiation algorithm with different number of
points of the input signal are obtained. A structural scheme of the algorithm of the program
realization of a discrete transfer function is developed. Signals from measuring converters after
preprocessing, which consists in converting an analog signal into digital, are received on a bandpass
filter whose purpose is to cut off the low frequency and high frequency components. The measurement
method is based on three consecutive signal samples that are performed within the part of the signal
period, which reduces the measurement time.

Keywords: stress, welding, induction, difference equations.

ITocTanoBKka MpodIeMu

AHani3 craHy TpyOHOTO PHUHKY 3a OCTaHHE JIECSATHIITTS MOKa3aB, MO 3 OOKy BITYM3HSHHUX
CIIOYKUBAYiB TPYO BEIHMKOTO JiaMeTpy 3pOCIM BUMOTH J0 HAAIMHOCTI 1 eKCILTyaTaIliifiHoi mpare3aT-
HOCTI IbOTO BUIY TPyO [1].

VY 3B'A3KY 3 IHTEHCUBHUM PO3BUTKOM OOUYHMCIIOBAILHOI TEXHIKH CTaJI0 MOKJIMBUM BHUKOHAHHS
Oyab-SIKMX PO3PaxyHKiB, B TOMY YHCJIi 1 BU3HAYECHHS 3aJHMIIKOBUX 3BaplOBAIBHUX HAIpyXeHb. B na-
HUH Jac Ha MepeAHiil TIaH BUXOIATE ORI YHIBEPCATbHI METOIUKH, SIKI XapaKTEPHU3YIOTHCS MPOCTO-
TOIO 3aBJIaHHS BHXiJHOI iHpopMallii. B OCHOBI TakMX METOJUK JISKUTh MaTeMaTHYHE MOJCITIOBAHHS,
110 103BOJISIE€ BUPILIyBaTH OCTABJICHI 3aBIAHHS.

AHaJi3 OCTaHHIX JOCHiTKeHb Ta myOsikanii

BupoOHHIITBO cTaneBUX TPyO BEIHMKOrO JiaMeTpa 3acHOBaHE Ha JBOX PI3HOBHUIAX BHPOOHH-
YHX TPOLECIiB: MPOKATi 1 3BapioBaJIbHOMY BUPOOHHUITBI. Y CBOIO YEpry, B 3BaplOBAIBLHUH CIIOCIO BXO-
JSITh JBa mpouecu — AehopMyBaHHsI 31 3BapIOBaHHIM I103/I0BKHBOTO MIBa 1 AeopMyBaHHS 31 3Bapio-
BaHHSM CITipaJIhHOTO IIBA.
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BuHUKHEHHS 3BaploBaJIbHUX 3aJIMIIKOBUX HANPY>KeHb 1 gedopmaniii Oysio onucaHo B podoTax
OaraTtboxX BUEHUX i AociigHuKiB [2—8]. bynu chopmoBani kmacudikarlii HampyT i AedopMartiid, mpu-
YUHM TX BUHUKHEHHS Ta Pi3HI CIIOCOOM BU3HAYCHHS TaKUX, TAKOX JOCIIJKCHI 1 ONMUCaHI METOIHU T10-
nepeKeHHST HanpyT 1 Aedopmaniii, 10 BUHUKAIOTh B €JIE€MEHTax B Mpoleci iX 3BaptoBaHHsI. Metomu
BUKOPHUCTAHHS KOMITIOTEPHHUX TEXHOJIOTIH MpHW BHU3HAYEHHI HANPYKCHb Ta AchopMallii IpHu 3Bapio-
BaHHI onucaHi B poborax [9—12].

DopmyTIOBAaHHSA METH JOCTITKEHHS

KoxeH 3 BiOMUX METOJIIB 3HIKEHHSI 3aJIMIIKOBUX HANpy>KEHb Ma€ OLIbII-MEHII 0OMEKEHY
00J1aCTh paIioHATHHOTO 3aCTOCYBAaHHS, TOMY BHHHUKA€ HEOOXITHICTH SK YAOCKOHAJCHHS iCHYIOUHX,
TakK 1 MONIYKY MPUHIUIIOBO HOBUX CIIOCOOIB Micisl 3BaplOBaIbHOT 0OPOOKH 3BapHUX 3'€JHAHB 3 METOIO
3HATTS 3AJIMIIKOBUX HANPYT, a TAKOX JIarHOCTYBaHHSA iX reoMeTpii 1 cTpykTypHOro crany [13].

Ocratoune (opMyBaHHS 3BApIOBATBHUX Ha-HANPYXKEHb BIMOYBAETHCS TICHS 3aBEPIICHHS
npoliecy 3BapIOBaHHS 1 3BUIBHEHHS 3BApEHOI KOHCTPYKIIT BiJl 3aKpirieHb. PazoM 3 1M BinOyBa€eThCs
Nepepo3NOALT HAPYKEHO-1e(OPMOBAHOTO CTaHy KOHCTPYKLii, BAHUKAIOTh 3aJIMIIKOBI Aedopmaii i
BHACJIIJIOK IIhOTO TEPEPO3NMOAUISIOTECS 1 BHYTPINIHSA HamNpyra KOHCTPYKIIil, MPU IbOMY HaHOiTbIIa
KOHIICHTpAIlisS HAPYXKEHb 1 leopMaliiii BAHUKAE B 30HI 3BaPHOTO IIBA 1 B 30HI CILJIaBY.

VY nauiit qocnigHULBKIA poOOTI MPOBOAMINCS BUMIPIOBAHHS 3pa3KiB Ha HAsBHICTH B HUX 3a-
JUIIKOBUX HampykeHb 3a gonomororo [KH-1M-4-npunamy BUMiproBaHHS KOHIIGHTpAIlil HAPyTH MO-
mem. IKH — cucrema BuMIpIOBaHHS, peecTparlii Ta OOpOOKHM MaHWX MiaTrHOCTHKH HAMpyKeHO-
Je(OpMOBAHOTO CTaHy OOJaJHAHHS Ta KOHCTPYKLIN 3 BUKOPUCTAHHSAM METOJly MarHiTHOI maM'sTi Me-
Taiy.

Buxkiaa ocHOBHOro Marepiajy

[Mpunanu Tamy IKH 3a npuHImnoM poOOTH € crieniani3oBaHUMHU OaraToKaHaJIbHUMHU (Hepo30-
H/IOBMMHU MarHiroMmeTpamu. HampyskeHicTe MarnitHoro moist Hp Ha mkanax nmpuiagiB mporpaayBaHa
B A/M (Ammnep/metp). JloBxKIHA peecTpOBaHOTO MEPEMIIIeHHs JaTyuKa MporpajayBaHa B MM (MiliMeT-
pax).

[punagu tuny IKH € yHikaapHUME 3aco0amMy BUMipIOBaHb, BUHATKOBUMU SIK y (pyHKIIOHA-
JHHOMY NpU3HAYCHHI (BU3HAUYCHHS 30H KOHLEHTpaLii HampyXeHb — OCHOBHHUX [DKEPET PO3BHUTKY
TTONIKOKEHB 00JIATHAHHS), TaK 1 B KOHCTPYKTUBHHUX CIIEIU(DITHUX O0COOTUBOCTSIX, SIKI TIOMITHO BHIi-
JSIFOTH 1X Cepeji BIJOMUX MarHiTOMETPIB.

BuxinHuii curHan BUMIpIOBaJIbHUX KaHAJIB MiCIs AMUCKPETU3aLil OAaeThC HAa MPUCTPill Oe3-
nepepBHOTO mudepeHIitoBanns. [lepeqaBanpHa QyHKITiS Oe3mepepBHOI TUBEPEHITIIOBATEHOT JIAHKH:

Wy(p)=kop ()
ne ky — Koe(ilieHT IponopuiiHOCTi; p — mapameTp (uIbTpa.

Bxin i BUXig MPUCTPOTO MOB'SI3aH1 PIBHAHHSIM:

dx
yO=ko—
Jie X — CKJIaJl0Ba MarHiTHOTO MoJjisi; t — vac, C.

BusHaunMo nUCKpeTHY mepeaaBanbHy (QYHKLIIO AU(EpeHIIIOBANIBHOI JaHKH. Y 3arajbHOMY
BUTIAJIKYy Z — TIEPEeTBOPEHHS Bij nepeaaBanbHOi QyHKIIi (1) He iCHYe, TOMY THCKPETHY TepeaaBalib-
HY QYHKIIiT0 ITudpoBoi AUGEPCHITIIOBATLHOI JJAaHKHA oJepKyeMo 3 piBHSHHS (2).Hexait Ha BXix JaHKH
HA/IXOJUTh Oe3nepepBHMIA curHan x(¢). 3aMiHUMO Oe3TepepBHUN CUTHAN X(f) CHUTHAJIOM, KWW OIU-

2

CYEThCS TPAHYACTOI (DYHKIIIEI0 HACTYITHOTO BUIIISY:
x[i]= x(t)|t:l.T0 ) 3)
ne i — uine uucino, 7, — nepioa AUCKpeTu3aiii, c.
3a rpaTdacroi ¢pyHKIii (3) mobyayeMo iHTEpIIOIiHII ToiHoM Jlarpamka:
n
L,(0)= 3 1,y (X[ ~ T T} (T ) » @)

i=0
e 11, (1) =(t—0Ty)(t —1Ty)(t = 2Ty)...(t = nTy) , Tomi L, (iTy) = x[i] .
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n+l

Beaxaroun, mwo (1—07y)/Ty =g, onepxyemo I1,,1(1)=T¢ " - q-(g-1)..(g—n)=T""¢"*! Ta
Hn+1(iT0) = (lTO - OTo)(lTO - 1T0)(ZTO - }’ZTo) = (—1)n_iTni!(n - l)' .
OTxe, st mosiHoMa Jlarparxka cripaBe/iiiiBa PiBHICTh:
L)) =Y (=) i)/l (n = )11 ¢" g~ 1) - ®)
i=0
dt
BpaxoBytoun, mod— =Ty, 0OOepKyeMO
q
N ( l)n lx[l d [n+1] ) (6)
> Ly (=7~ zZO il(n—i)! dq{ q—i

Jnst oliHKM MOXUOKM MeTona AuGEpeHLioBaHHs 7;,(f) = x‘(t) — L'n (¢) ckopucraemocs ¢op-
MYJIOI0 IOXHOKH:
R, [iTy]= (=D)" Tt (n = D)1x" () [+ DT, ™
e x"*1 (&) — moxigna (n + 1) -ro mopsAAKy Bif BXimHOTO curHainy Mix Toukamu 07), 17;...n7j.

3 piBHsHHES (7) MOXXHa BUBECTH PI3HMIIEBI PIBHAHHS U TIPOTPAMHOI peatizallii aaroputMy
rpoBoro TUGEPEHITIIOBAHHS TIPH Pi3HIA KITFKOCTI TOYOK BXiJHOTO CHUTHAIY, 0 BUKOPHUCTOBYIOTh-
Csl B IIUKJII OOYHUCIICHHS 3HaYeHb MOXi1HOI. OTpUMaEMO Pi3HMIICBI PIBHSHHS Il IIPOTPAMHOT peastiza-
uii anroput™my nudpoBoro AuGEpeHIitoBaH s i BA3HAYUMO 1X TOXMOKHU Iu(epeHIiIoBaHHS ISl Pi3HO-
'O YHCJIa TOUOK.

l .
Tist n =1 maemo 1(0)= Y (=D " x[/[i1 (1= )] q* (g — 1) =—x{01(g — D)+ x[1]q .
i=0
dt

Bpaxosyroun, 1o g =To, omepxyemo x(t) ~ Ly(t) = {x[l] —x[O]}/ Ty abo B 3aragbHOMY BU-
ISl
x (t) = {x[i] - x[i 11}/ T (8)
[MoxubOxka nudepeHiiroBaHHs I Pi3HEIICBOrO PiBHAHHS (8) Ha OCHOBI Bupa3y (7) Ma€ BUTIIS;
ki (iTy) = Tox (£)/2.
3acTtocoByroun Z — TEpETBOPEHHsS JO pi3HeNeBoro piBHAHHS (8), omepKyemMo
X [z]=kox(2)(1 - z7! )/ Tyy. Toni nuckpeTHa repenaBagbHa QYHKIIA Oy1e MaTH BHTIISL
D(z)=ko(1-z"") /T =by(1-2z7"), 9)
ae by = ko /T . Hapuc. 1 300pakeHa i CTpyKTypHa cxeMa alropuTMy IporpaMHoi peasizanii.

An] .x x[n]
z! —l_’

Puc. 1. CTpykTypHa cXema mporpaMHoOi peaiizallii TMCKPEeTHUX MepeaaBatbHIX (PyHKIiH

v
g
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Curaan x'(t) OyJie 3MIHIOBATHCS 32 3aKOHOM:
x[0]=0,
x [1]=kox[11/ Ty,
x [2]=ko (2] - x[11}/ T,
x[n]=ko{ }

BpaxoBytoun 3aTpUMKy 7 , Sika BHOCHTHCS NPWIAAOM TU(EpPEHLIIOBaHHS MPH peaiizamii an-
TOPUTMY, OIEPIKY€EMO:

D(z)=by(1-z e ,anpn r=Ty,
D(z)=ko(1-z"Hz 7",
YacToTHI XapaKTepUCTUKH MPUIATy TU(PEPEHITIFOBAHHS:
W (e/®T0) = by(1 - cos Ty + jsinaTy). (10)
Monynem (10) € Bupa3:

W (/)| = by (1~ cosly)? +sin’ o . (I

SIkio BpaxoByBaTH 3alli3HeHHsA Ha 7 = 1y, TO

. 0
W (/T ) = by[(cos @y — cos 2Ty — j(sin wTy — sin 2T})] .
Slkio po3paxyHOK AUQEPEHITIOBATLHOTO MPUIaay IPOBECTH I # = 2, TO MaEMO:
2
L) =Y D2~ ¢* Mg i)
i=0
X ()= TL{% A0](2g - 3) = x[1](2g - 2) + %x[Z](Zq - 1)} : (12)
0

3okpema aist noxigaux x[iTy] (i =0,1,2...) maemo:

' 1
x [0]= E(—3x[0] +4x[1]—x[2]),

1= %(—3)6[0] +x[2)). (13)

x [2]= %(x[O] —4x[1]+ 3x[2]).

B 3aranpHOMY BUTIISAII pisHALIEBI piBHAHHS (13) MOXKHA 3amucaTH y BUTIISL:
x [i] =k o(=3[i]+ 4x[i + 11— x[i + 2]) /2T,

%" i = ko (=x[i — 1]+ x[i +1])/ 2T, (14)
x [i] = ko (x[i — 2] - 4x[i — 1]+ 3x[i])/2T.

3 Bupasy (14) MokHa oepKyBaTH MepeaaBaIbHi GYHKITIT anrOpuTMIB TH(epeHITIFOBAHHS:
D'[z]=x (2)/x(z) = kg (-3 + 4z =22y /2T,

D'[z]=x(2)/x(z) =ko(-z " +2") /2T,
D"[z]=x"(2)/ x(z) =ko(z > — 4z +3z2)/2T.

st mporpamMHoOi peainizalii anroputMiB nudpoBoro audepeHitoBaHHs B pealbHOMY MacIl-
Tabi yacy HEOOXiTHO BUKOPUCTOBYBAaTH p"[z], TOMY IO BOHA BUKOPUCTOBY€ IIOIEPEIHI 3HAYEHHS

rpaTyactoi QyHKIi1 BXiJTHOTO CUTHATy B MOMEHTH 4acy (i—2,(i—1), a He B HACTYIHI (i +2,(i +1), 5K B
D'[z].

B nuckpetHy nepenaBaibHy (QYHKIiO D' [z] BBEAEMO NOJATKOBI 3alli3HEHHS HA OJWH TaKT,
TaK SIK B pealbHOMY MacIiTa0l 4yacy B MOMEHT i) HEMa€ 3HAYEHHS BXIJHOIO CUTHANY x[i+1] B MO-
MEHT 4acy (i +1)7 -
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Toni p"[z] npuiiMae BUTISAN p"[2] = %(1_2*2).

OCHOBHUM TPUIOMOM MOy CHTHAIIIB CIY)KUTh JBOpA3oBe IIBHIKE IepeTBopeHHs Dyp'e
(mpsime 1 3BopoTHE) 1 epeTBopenHs [ imb0epTa. CrekTp BXiIHOTO CHIHANY, IEPEKIIaJeHOr0 B IU(pPOBUI
KOJI, 3pi3a€eThbcsi 0OMeKyBaueM, MOTIM BHKOHYEThCS IpsiMe IiBuaKe neperBopeHHs Dyp'e. Ilomambiri
HEPETBOPEHHS WAYTh MO ABOX KaHalax (IapajieibHUX), B OAHOMY 3 HUX BUPOOJISETHCS 3BOPOTHE MEpeT-
BopenHst @yp'e (iHBepcis), B IHIIOMY CHUTHAJ MOIMEPENHBO MigNaeThesa neperBopeHHo ['inpoepra (3py-
mieHHs Ha 90° rapmoHiitHOT QyHKIiT). CTaBIeHHS BUXIHUX HANPYT KaHAIIB Ja€ MTyKaHy BEIUYHUHY.

BuCHOBKH Ta NepCHEeKTHBH NMOJATbIINX JOCTi/IKeHb

1. Curnanm 3 BUMIpIOBaJIBHUX TEPETBOPIOBAUIB IICIs MONEPEIHBOT 00OPOOKH, sSIKa TIONATaE B
NepETBOPEHHI aHAJIOTOBOrO CHTHaNy B LHU(MPOBHUHA, HAAXOAATH Ha CMYTOBHH (iibTp, MpHU3HAYCHHS
SIKOTO B1JIpi3aTH HU3bKOYACTOTHY 1 BUCOKOYACTOTHY CKJIA/IOBI.

2. MMapamerpu (inbTpa BU3HAYAIOTHCS 32 METOJMKOI0, BUKIAICHOIO B [14]. Metoa BuMipro-
BaHb 3aCHOBAHUH Ha TPHOX MOCHTIJOBHUX BHOIPKaxX CUTHAINY, sIKi 3A1HCHIOIOTHCS B MEXaxX YaCTUHH IIe-
pioy cuTHaNy, IO CKOPOYY€E Yac BUMIpPIOBAaHHS. ABTOMATUYHHI BUOIp iHTepBaiy BHOIpOK BH3Haua-
€THCS 11alla30HOM 4aCTOT CUTHAIY.

3. Bubipku MoXyTh OyTH B34Ti B OyIb-IKHH MOMEHT 4acy, a MOCJiJIOBHI BUMIpIOBaHHS MO-
JKYTh JEIIO0 BIAPI3HATHCSA OJUH BiJ OJTHOTO 4Yepe3 BiAMIHHOCTI MOMEHTIB BHOIpKU. UHCenbHUMHU €KC-
HNepUMEHTaMU BCTaHOBIIEHO, 10 SAKIIO X7 {0.005 (X ax — Xmin )» TO IPOBOIUTHCS HOBA cepist BUOIPOK.

Sxmo oOpana MakcuMmanbHa 3aTpumka, Hanpukian, 0.03 7 (7 — nepioa curHany), ToAi BUOipKH 00-
paHi 3aHaJTO PiAKo.

4.3 igmoro 00Ky, SIKIO BHUOIPKH 3aHAATO ONHM3BKI OJWH O OTHOTO, TO PI3HUIS MK HAMH
ckianae 01M3bpKo Kpoka kBaHTyBaHHs AL mo € nmpuunHOO QuIyKTyarii Ha Buxoni. Skumo MiHiMa-
JbHA 3aTpUMKa ckiaznae 6 % mepioxy, TO iHTepBal BHOIpOK HEOOXimHO 30UTIMIMTH. SIKIIO BeNWYMHA
X5 MeHII 3a 5 % Aiana3oHy CUTHAILy, TO OepyThcs TPH 1HII BUOIpKH.

3anpornoHoBaHa METOMKA BUMIPY 3JIMIIKOBUX HAINpPYKEHb Ma€ JOCHUTh HIMPOKY 00JIacTh pa-
LIOHAJIFHOTO 3aCTOCYBAHHS, a TOMY MOXE 3aCTOCOBYBATHCS AJIS HIIMX TEXHIYHMX 00’ €KTIiB, B SAKHX
BUKOPHCTOBYIOTKLCS 3BapIOBAIbHI TEXHOJIOT1.
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MATHEMATICAL MODELING OF THE PROCESSES OF DIAGNOSTICS OF THE
OUTDOOR DEFINITIONS IN THE HARVEST DOWN TUBES OF THE GREAT
DIAMETER

Kadilnikov S.V.

Abstract

Analysis of the state of the pipe market over the last decade has shown that in connection with
the intensive development of computer technology it became possible to determine the residual
welding stresses. The basis of such techniques is mathematical modeling, which allows the use of
systems for measuring, recording and processing data for the diagnosis of stress-strain state.

The purpose of this study is to process the input and output signals of the measuring apparatus
for the diagnosis of residual stresses in the welding seams of pipes of large diameters using the method
of magnetic memory of the metal. The final formation of the welding on the stresses occurs after the
completion of the welding process, along with this there is a redistribution of the stress-deformed state
of the design, there are residual deformations, and as a result, the internal stress of the structure is
redistributed, with the greatest concentration of stresses and deformations occurring in the zone of the
weld and in the zone of the alloy.

In the article a mathematical model of diagnostics of residual stresses in welding joints of
pipes of large diameters is developed. In this research, measurements of samples were carried out for
the presence of residual stresses in them using the method of magnetic memory of the metal with the
help of the INN-1M-4 instrument of measurement of the voltage concentration of the model.
Difference equations for program realization of the digital differentiation algorithm with different
number of points of the input signal are obtained. A structural scheme of the algorithm of the program
realization of a discrete transfer function is developed. Signals from measuring converters after
preprocessing, which consists in converting an analog signal into digital, are received on a bandpass
filter whose purpose is to cut off the low frequency and high frequency components. The measurement
method is based on three consecutive signal samples that are performed within the part of the signal
period, which reduces the measurement time. The automatic selection of the interval of the samples is
determined by the frequency range of the signal.

The main method of signal separation is twofold rapid Fourier transform (direct and reverse)
and Hilbert transform. The spectrum of the input signal translated into a digital code is cut off by a
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limiter, then a direct fast Fourier transform is performed. Further transformations follow two parallel
channels, in one of them the inverse Fourier transform is made, in the other the signal is previously
subjected to the transformation of Hilbert. The proposed method for measuring residual stresses has a
fairly wide area of rational use, and therefore can be used for other technical objects in which welding
technologies are used.
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