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HNCCIIEJOBAHUE 3ATYXAHUSA YJBTPA3ZBYKA B BO3JAYXE U
CTPYKTYPE METAJLJIA BAJIKOB TOPSYEH ITPOKATKH W3
CTAJIA 15S0XHM

Ilpennoken pacdeT KoI(GOHUIUEHTOB 3aTyxaHWsl YIbTpa3sByka B MeTale OaHOaka BaJKOB U3
KOHKPETHOI'O THUIIA CTAJU IIPU M3MEHEHHH TeOMETPHUYECKHX Pa3MepoB 3epeH MeTalula NOA NeHCTBHEeM
TeMIIepaTyphl, a TakKe OIpeleleHbl Ko UIMEHTs 3aTyXaHHs 3BYKOBOI BONHBI B BO3AyXe IIPU
N3MEHEHNH PAcCTOSHHS OT 00BeKTa KOHTpoJsl 1o mpeoOpasoBaTemns. IIpomsBenen moxbop Hambonee
OITHMAJIBHBIX NTAPaMeTPOB (QYHKIMOHUPOBAHHS pa3pabaTbIBaeMOH 3IEKTPOHHOH CHCTEMBIL.

In the work was taken the calculation results of the ultrasonic attenuation coefficients in the metal
bandage rolls of a steel when the geometrical the grains dimensions of the metal under the temperature
influence, as well as the damping coefficients of the sound wave in the air when changing the distance
from the object to control the converter. Made to select the most optimal functioning parameters
developed an electronic system.

BBegenne.  OcTaHOBKa  NPOM3BOACTBA  CTAJbHOrO  IpoKaTta  Ha
METaJUTypru4ecKOM KOMOWHATe B CBS3M C BHE3AIHBIM BBIXOJIOM W3 CTPOA
MPOKATHBIX POJNMKOB BJE€YeT 3a COoOOH 3HAYMTENbHBIE OKOHOMHYECKHE
TOCIIEICTBHS sl peanpusitis. [losToMy, Ha DaHHBIA MOMEHT II€PCHEKTUBHBIM
HalpaBJICHUEM B METAJUTypIrHYECKOM IIPOM3BOJICTBE SIBIISIETCSI OCYILECTBIICHUE
HENPEPHIBHOM OLEHKUM H3HOCA OOOPYAOBaHMS C IIOMOLIBIO HEpa3pyIIAOIIEro
koHTpois (HK).

B mpunoBepXHOCTHOM Cllo€ MeTalula OaHJaXka CTalelpOKAaTHBIX BaJKOB B
IpollecCe MHOTOPa30BOM Topsiueil MPOKATKW BO3HUKAIOT YCTAJIOCTHBIE TPEIIHHEI
MOA 3HAYMTENBHBIMHA HAarpy3kaMH M IepernajaMy  TeMIlepatyp, KOTOpbIe
HEOOXO0MMO CBOEBPEMEHHO OTCIIEANTh Ha PAHHHUX CTAaJUiIX MX pa3BUTHS. JaHHas
npobsieMa pemaercsi OECKOHTAKTHBIM JJIEKTpOMarHUTHo-akyctnieckuM (OMA)
METOOM Hepa3pyLIAoIEro KOHTPOIL.

MocranoBka 3amaum. [lng  pa3paOOTKM  DIIEKTPOHHOH  CHCTEMBI
JMAarHOCTUYECKOI0 KOHTPOJSL COCTOSHUS BAJIKOB, HEOOXOAUMO HCCIENOBAThH
3aTyxaHue yabTpa3ByKoBbIX KoneOanmii (Y3K), kak B cTpykType Merayuia, npu
W3MEHEHHH Pa3MepOB 3€peH I10J JICHCTBHEM TEMIEpaTypbl, TaK U B BO3JYLIHOM
TIPOCIIOMKE MEKAY JaTYNKOM U TIOBEPXHOCTBIO BAJIKOB.

Pemenue 3agauu u pe3yastarsl ucciaenopanuii. Koadpunmenr saryxanus
V3K 6 cknagpBaercs U3 KOI(QQUIMEHTOB NOINOMEHHST O M paccesHust Op:
6=0p+0p. [lpu mormomeHny 3BYKOBasl SHEPIUs MEPEXOMUT B TEIUIOBYIO, a IPH
paccessHWM SHEpPrust OCTaercsi 3BYKOBOH, HO YXOAMT U3 HAalpaBJIEHHO
pacIpocTpaHsIOnIelcsl BOJMHBL. bojplioe BiIMsSHME Ha BETMYMHY KOd(hQUIMEHTa
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paccesaHusa 51) B MCTAJIJIC OKAa3bIBACT COOTHOLICHUE CPEAHETO pasMepa KpUCTAJUIOB

(3epeH) - D ¢ JOMHOH BOJHBI YOBTpa3ByKa - A. Ilpu D << A ko3(pdUIHEHT Op
npornopiuonaneH 1, rie f— uacrora koneGauuii (puc.1). Obliee 3aTyXaHue B 3TOM
ciydae onpezensercs popmyoit [1]:

S=A-f+B-f*-D*, (1)
rae A u B — nocrosHnsle, 4 =0,096- 109, B= 0,4977-107%.

A5=5,+5, max D(T), mmA
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Puc.1. CxemaTHndeckast 3aBUCHMOCTh Puc.2. I3MeHeHre CpeHell BeTMIHHbI
K0d()pUIHEHTA 3aTyXaHHs OT CPETHETO 3epHa B 3aBHCHMOCTH OT TEMIIEPATYPHI
JTMaMeTpa 3epHa ¥ JUTMHEI BOTHBI Harpesa
Pacuer k03¢ QUIIMEHTOB 3aTyxaHHUs MPOU3BOIUTCS TPU YACTOTE KOJIcOaHWN

f=2,0MI'. 3Has CKOPOCTH PACIPOCTPAHEHHS BOJNHBI B YIIIEPOMMCTBIX CTajIAX

¢, = 5900 M/c, onpeenuM 1TMHY BOJHBI A U3 COOTHOIIEHHS:

2= 2200005 o5 . &)

f 210" Iy
IIpu TteopernueckoM pacuere 3aTyxaHus Y3K B MeTamie BoOCHONIb3yeMcs
CIPaBOYHBIMU JaHHBIMU [2] — XapaKTEpUCTUKON M3MEHEHHs CpeIHEN BEeIUYUHBI
3epua cranmu  150XHM or paboueit Temmeparypsl BankoB (puc.2). Ilpu
MUHAMalIbHOM pabouelt temneparype T=150 °C cpenHuii auamerp 3epHa

COCTaBIIsET D = 0,0365MM. Torza, cornacHo BelpaxkeHuto (1) monydum 3aTyxaHue:
-1
0=0,0195mm"".
Wnn BBIpa3uM B OTpULATETBHBIX Jeu0Oenax, UCIonb3yst hopMyity:
_5-X
rae X — ynaneHue oT uctouHuka ¥ 3K, Ha KOTOpOM BBIUUCIISAETCS 3aTyXaHUE.

B Ttabnuue 1 mnpencraBieHbl 3HAYEHHs TPHUBEAEHHBIX Kod(duIreHToB
3aTyXaHHA HAaKJIOHHBIX IONEPEUYHBIX YIBTPA3BYKOBBIX BOJIH, OMNPEAECIEHHBIE IO
¢dopmyne (1) npu mpu X: 16, 24 u 30 MM , a TaKKe 3HAYCHUS, PACCUUTAHHBIC TIO
¢dopmyne (3), rne AN — pa3HOCTh TOKa3aHUH aTTEHI0ATOPA 3aTyXaHUs YIIbTpa3ByKa
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B 1b B o0bekre kxoHTpons (OK) mpu mpoxoxnaeHun paccrosHust X=X;+X, u
n3MeHeHnu temreparypsl Ha AT=50° (puc.3).

Ta6muma 1.
3nauenus ko3 unmenToB 3aryxanus Y 3K B 3aBHCHMOCTH OT pa3MepoB 3epeH MeTajuIa
— 4 X =16 mm X =24 mm X =30wmm
D, um| O, mum
N,oF AN,0b N,oF AN,0bF N,oF AN,0b
0,033 | 0,0194 | -2,7099 0 -4,0648 0 -5,081 0

0,037 | 0,0195 | -2,7224 0,012 -4,0836 0,019 -5,1044 | 0,023

0,04 | 0,0197 | -2,7386 0,029 -4,1079 0,043 -5,1349 | 0,054

0,044 | 0,0198 | -2,7597 0,05 -4,1395 0,075 -5,1744 | 0,093

0,048 | 0,0200 | -2,7871 0,077 -4,1807 0,116 -5,2259 | 0,145

0,052 | 0,0203 | -2,8228 0,113 -4,2342 0,169 -5,2927 | 0,212

0,057 | 0,0206 | -2,8692 0,159 -4,3038 0,239 -5,3797 | 0,299

0,062 | 0,0210 | -2,9295 0,22 -4,3942 0,329 -5,4927 | 0,412

0,067 | 0,0216 | -3,0079 0,298 -4,5118 0,447 -5,6397 | 0,559
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Puc.3. Cxema npoBeaeHUs IMarHOCTUYECKOTO KOHTPOJIS

Ha puc. 4 npuBenena 3aBucumoctb AN OT cpejiHero auamerpa 3epHa D
cramu 150XHM Ha yacrore 2,0 MI'n mpu X=16 mm (kpuBas 1), X=24 mm (kpuBas
2) u X=30 mmM (kpuBas 3).

AN, 115 4
0,6 3

0,41~

0,21

0 ! —>
0,03 0,035 0,04 0,045 0,05 0,055 0,06 0,065 D mm

Puc. 4. 3aBucumocts AN ot cpemrero nuamerpa 3epHa cramu 150XHM
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W3 moiy4eHHBIX Pe3ybTaTOB CIEAYET, YTO 3aTyXaHUE BOJIHBI B METAJUTUYCCKOM
CTPYKType BajkoB He nmpeBbpimaer | ab. B KoOHTekcTe NpOEKTUpyeMoit
9JIEKTPOHHON CHCTEMBI JIMAaTHOCTUYECKOTO KOHTPOJS 3TO IIOKa3bIBAET, YTO
cHIDKeHHe aMInTuTyasl Y 3K Oyler He CYIIeCTBEeHHBIM NPU U3MEHCHUU CPETHETO
nuametpa 3epeH ot 0,033 mm 10 0,067 MM, BEI3BaHHOE U3MEHEHUEM TeMIIEpaTyphl
BasikoB oT 150°C no 500°C.

PacuntaeM KOX(QUIMEHT 3aTyXaHUS aKyCTHUECKOW BOJHBI B BO3IYITHOM
cnoe, TonmuHoH h (puc.3), koropsiii umeer mecto Mexy OK u mpuemuaukom Y3K.
JI71st 3TOro cocTaBUM BOJTHOBOE YpaBHEHHE JUIS BA3KOH TEIUIOMPOBOISIICH CPEIbI,
UCTONB3Ys YpaBHEHUE HEMPEPHIBHOCTH:

66[; +p, - divv=0 “4)

u ypasHenue HaBbe-Ctokca:

o, 4
—+c,Vp'-| —n+& |Av=0, ©)
Po o cVp (377 fj v

rie 1=1,9-10" (IMa-c) m &=17,2:10° (IMa:c) — Kko>)DULMEHTH CABUrOBOI M
00BEMHOII BA3KOCTH; ¢y — CKOPOCTb 3BYKA.

W3 Boipaxennit (4) u (5), KOTOpble SBISIOTCS JIMHEAPU30BAHHBIMHU
YpaBHEHHUSMH THIPOIUHAMUKY Ul BOSMYIIEHHH IUIOTHOCTH p’ M KOJeOaTebHON
CKOPOCTH V, HAXOAUM YpaBHEHHE JUIs KoJleOaTeIbHOW CKOPOCTH, IPEIIOIOoras, 4To
BOJIHA PACIPOCTPAHAETCS IO OCH ):

v, b dv

at ot p,

> = 0 s (6)
p, Oy ot

rae b=(4/3)n+&.
C yderoM 3 PexkTHBHOr0 KOIPPHUITEHTA BI3KOCTH MOTYUHM:
4 I 1
b=—n+&+k(—-—)> (7
3 . <,
rae  k-Kod(Q@QUIMEHT TEIUIONPOBOAHOCTH, €ro 3aBHCHMOCTb OT TEMIIEpaTyphl
npuBesicHa Ha puc.5 [3]; cp:1,006-103 (ox/xrK) n ¢,=0,717-10° (Jix/xr-K) -
yIleNbHbIE TEIIOEMKOCTH TIPH OCTOSIHHOM JaBJIEHHU U 00beMe.
A k(T)
0,045~
0,041
0,035~
0,03
0,025
0,02

0 100 200 300 T,'C
Puc. 5. 3aBucumocTs K03 QHIIIEeHTa TEITIONPOBOIHOCTH BO3/IyXa OT TEMIIEPaTyphI
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Hmiem perieHue BOIHOBOTO ypaBHEHU (6) B BHJIC:

L=y, exp(ikx —iot) . (8)
IMocrte MOICTAHOBKH B BOJIHOBOE YPaBHEHME [OJTy4AeM 3aKOH JUCIEPCHU:
b .
o +cik’ ——iwk>=0- )
Po

Ortcroja HaxoJuM, 4YTO €CIU ba)/(cg 0,) <<1 (3TO COOTBETCTBYET MajJOMy
3aTyXaHHIO 3BYKa Ha PacCTOSTHUSX MOPsAKA JUTUHBI BOJHBI), TO
2 2
1) 0] . bo )2
kzziz ' =—|1+i—5 E(ko-i-lﬂ)' (10)
c, —ibw/p, ¢ ,Co
Hcnone3ys Beipaxenue (8) npu k, = @/ ¢, , AMeeM KOI(QQUIMEHT 3aTyXaHUs

3BYKa € YYE€TOM U3MCHCHHS TEMIICPATYPHI BO3AyXa:

2

w 4 I 1

B(T)=——— (n+§j+k(T) — ] (11
2p0 (C(T))3 3 v cp

rne ¢(1)=331,3+1,21-T -3aBUCHMOCTh CKOPOCTH 3BYKa OT TEMIICpaTyphl BO3AyXa

[4] (puc.6), pi=1,293-10" kr/m’ — mIoTHOCTH BO3aYXa, =27 — KPyroBas 4acToTa B

pan/c.

$¢(T), m/c 6 AB(T), Ho/m
700
50 [
6001
40 |
500
30
4001 20
300

Puc. 6. 3aBHCHMOCTB CKOPOCTH 3BYKa B Puc. 7. 3aBucuMocTh Ko3(h(puireHTa
BO3YXE OT TEMNEPATYpPhI 3aryxanus ¥ 3K B Bo3myxe OT TeMmnepaTypsl
Cornacao ¢opmyne (11), mMeeM 3aBHCUMOCTBH KO3 (UITMECHTA 3aTyXaHUS
V3K B BO3yX€e OT U3MEHEHHUs TeMIepaTypsl Bozayxa oT S0°C mo 300 °C (puc.7).
Hcnons3yem BoIpaxenue (3), I BBIpRXEHHS 3aTyXaHHE B OTPHIATEIBHBIX
nb npu Bapmaumu paccrosHus h or OK nmo mnpuemnmka Y3K. Pesynbrars
WCCIIEIOBAHMS TIPUBEJIEHBI B TaOMHIIE 2.

1 2 3 5 7
110 33,52 -0,874 -1,456 -2,038
140 27,12 -0,707 -1,178 -1,649
170 22,28 -0,581 -0,968 -1,355
200 18,56 -0,484 -0,806 -1,128
230 15,64 -0,408 -0,679 -0,951
260 13,32 -0,347 -0,579 -0,810
290 11,45 -0,298 -0,497 -0,696

| | | | | | o 10 L ! ! L | | >
0 50 100 150 200 250 300 T'C 0 50 100 150 200 250 300 T.C

Tabnuma 2.
3naveHns ko3 unmenToB 3aryxanus Y 3K B Bo3yxe Mpy H3MEHEHHH TeMIIepaTyphl

. 4, X;=3mm | X5=5Mm | Xz5=7 MM
O e N, 0B N,0b N,0b

1 2 3 4 5

50 54,22 -1,413 -2,355 -3,297

80 42,20 -1,100 -1,833 -2,566
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B Ttabnuue 2 mnpencraBieHbl 3HAYEHHs TPHUBEACHHBIX Kod(duireHToB
3aTyXaHHsS HaKJIOHHBIX MOIEPEYHBIX YIbTPa3BYKOBHIX BOJIH B BO3YIIHOM CJIOE,
rne N — 3aryxaHust yjibTpasByka B ab mexay oOwvekrom koHTpoist (OK) wu
MIPUEMHUKOM TPHU MPOXOKIeHUU pacctossHus Xz (puc.3). Ha puc. 8 mpusencHa
3aBucuMOcTh N oT Temnepatypsl Ha yactore Y3K 2,0 MI'y npu X;=3 MM (kpuBas
1), mpu X5=5 MM (kpuBast 2) u ipu X3=7 MM (KpuBas 3).

N(T), 16

3
2
1
1+ \\\Mﬂ
0 50 100 150 200 250 300 T.C
Puc. 8. 3aBrcumoctb AN OT TeMIepaTyphl BO3/[yXa M paccTosHus h

3akmrouenne. V3 pe3ynpTaToB UCCIEOBAHUS CIEAYET, UYTO 3aTyXaHUE BOJIHBI
B BO3JyX€ BEJIHKO, CYIIECTBEHHO 3aBHCHT OT pAacCTOSHHUS / W IpEeBbIIIAET
3aTyXaHHe BOJNHBI B MeTaie Gonbine ueM B 2-10° pasa (o mikane B Hemepax,
IHo=1mm™"). O61mmit ko3 GUIMEHT 3aTyXaH!s ONMpeesercsa KaK anredpandecKas
cymMMa KO3((HUIMEHTOB 3aTyXaHHsl BOJHBI B JBYX cpenax. OCHOBHOE CHIKEHHE
aMmuuTyasl Y3K B OCHOBHOM MPOMCXOJUT H3-32 HASBHOCTH BO3AYLIHOIO CIIOA,
KOTOpBIN SIBJISI€TCS HEW30SKHBIM W HEOOXOIMMBIM YCIIOBHEM OE3KOHTAKTHOTO
crocoba KOHTpOJIST BAJIKOB M, CIIENOBATENBHO, 3aTyXaHWEM B METaJUIE MOXHO
npeHeOpeus. [loBeimenne ammuryasl Y3K y mnpueMHuKa, He YBETUYUBAS
MOIIHOCTH H3Ty4E€HUs, BO3MOXHO JIMIIb MPU YMEHBIIEHUH BO3AYIIHOIO 3a30pa,
KOTOPBIH ABJISETCA ONTUMANIBHBIM B IIpeienax X3;=5 MM.
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