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Anomauin. B pobomi poszensoacmvcsi oyinka 63a€mo0lii 8UCOKOAOPA3UBHUX Mamepianie 3
abpazu6HUM  APMOBAHUM — KpPYeOM, 5KA  30MUCHIOBANACL 34  OCHOB0I0  OOHOMAKMOPHOZO
eKCnepumMenmy 3a805AKU 3ACMOCY8AHHIO BUCOKOMEXHONO2IUHO20 BUMIPIOBAILHO-DEECMPYIOU020
001a0HAHHA, WO 00360JUN0 UBUOKO 3 NEPUIOYEPOBUX OAHUX OMPUMYBAMU MOYHI pe3Vabmamu.
Obpobka ocyunocpam nonsaeand y 6UsHa4eHHi cepeoHbOMAKCUMANTbHOI opouHamu cunu pizanusa P
Ma 3HAX00JCeHHs iI cepeonbo2o 3HaAuYeHHs. 3a805KU 3ACMOCYBAHHIO 3ANPOEKMOBAHUM MA
PO3pOONEHUM —~ BUCOKOMOYHIL — cucmemi — Kepy8amHs  Nooayi  pobouozo  opzany  ma
BUCOKOMEXHOTIO2IYHOMY BUMIPIOBAILHO-PEECMPYIOUOMY 0OIAOHAHHIO, 5IKe 00380JAE WEUOKO | Oe3
NOBMOPIOBAHL 3 NEPULOUEP2OBUX OAHUX OMPUMY8AmMU OOCMAMHLO MOYHI OYIHKU B83AEMOOIT
BUCOKOAOPA3UGHUX Mamepianié 3 aOPA3UBHUM APMOBAHUM KpPY2OM Ma OAl0 MONCIUBICHIb
00pobnsmu ix 3a 0O0NOMO20I0 CYYACHO20 NPOSPAMHO20 3abe3nedenHs, wo no3oasuno 8io
mpyoomicmkoz2o npoyecy 006podoxu oauux. Lle, 6 ceor uepey, 0ano moodcaugicms MIHIMIZy8amu
YUCNO BUMIPIE CUNU PI3aHHA NPU 3A0aHitl. MOYHOCMI [ HAOJIUHOCMI pe3yibmamis 00Caidy 3
gipocionicmro ompumanux oanux 6io 0,90 oo 0,95.

Knrwouosi cnosa: excnepumenmanvhi 00CaiodxHcens, 8UCOKoabpa3ueni mamepianu, adpasusHuil
ApMOBAHULL KPYe, BUMIPIOBAIbHO-peECMpPYIoye 00IA0OHAHHS, UMOBIPHICIb BUKOHAHHS HEPIBHOCTI.

Beryn. Ilpu mnpoBeneHHI €KCIIEPUMEHTAIbHUX JOCHIKEHb JIOCUTh YacTo
BUKOPHUCTOBYETHCS (PI3UUHE MOJEIIOBAHHSA, 110 J03BOJISIE MEPEBIPUTH BiIMOBIAHICTD
CKJIaJICHOT MaTeMaTUYHOI MOJENI YU AOCTIAUTU CKIIAJHI SBUIIA NMPU HEMOKIMBOCTI
MoOyIOBM MaTEMaTUIHOI MOJICTI.

Oninka B3aeMOil BHCOKOAOpa3HMBHUX MaTepialiiB 3 aOpa3sMBHUM apMOBaHUM
KPyrOoM 3JIHCHIOBAJIAaCh 3a OCHOBOIO OJHO(GAKTOPHOTO EKCIEPUMEHTY 3aBISKH
3aCTOCYBaHHIO BHCOKOTEXHOJIOTTYHOTO BHUMIPIOBAJIBLHO-PEECTPYIOUOTO OOJIaHAHHS,
10 JO3BOJIMJIO IIBHUJIKO 3 TIEPIIOUEPTOBUX JaHUX OTPUMYBATH TOUHI PE3yJIbTaTH.

OcHoBHmii  Tekcer. OOpoOka ocuujorpam TmoJssiraja y  BU3HAY€HHI
cepeIHbOMAaKCUMAJIbHOI OpJMHATH CWJIM pi3aHHsA P Ta 3HAXO/PKEHHS 11 CEpeIHBOTO

3Ha4YCHHAI.
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HeoOxigHe YwMcio MOBTOPEHb JOCHIAIB JIJIi BU3HAYEHHS OJHO(PAKTOPHOT
3aJIeKHOCTI BU3HAUYAJIOCS 3 piBHSHHSA [1]:

z
< i VVx = 2 Je 2dt (1)
Vot N

ne P* — IMOBIpHICTh BUKOHAHHSI HEPIBHOCTI y (DIrypHUX Qy’KKax; A, — BIAHOIICHHS
BIJIXHJICHHSI €MITIPUYHOTO CEPEIHbOT0 3HAYEHHS BHUIIAJKOBOI BEJIMYMHH X Bl HOTO
ICTUHHOTO CEPEIHBOTO 3HAUEHHS; /1 — YUCIIO BUMIPIB BEMYHHHU X; W, — KOe]illieHT
Bapiallii BEJIMYMHH X; Z — BEPXHS MeEKa 1HTerpaly WMOBIPHOCTI, 1[0 XapaKTEPHU3Y€E
HWMOBIPHICTb BIIyYEHHS CEPEITHbOT0 3HAUEHHSI B 33JIaHUK JTOBIpUUM 1HTEPBAJ.

3 Bupasy (1) Bu3Ha4aeMo HEOOX1THE YMCIIO BUMIPIB CHIJIM Pi3aHHS MIPU KOKHOMY
CITOJTyY€HH1 YMOB JIOCTIiIiB

P*A,

ZZVVXZ

N 2)
Jie BEJIMYMHA Z BU3HAYAETHCS MO TAOIUISIX 1HTErpaja WMOBIPHOCTI BIJMOBIAHO 10
3a/1aHO01 IMOBIpHOCTI P*.

Ha pucynky 1 HaBeneHo rpagiku 3anexxHocTi n(W,) npu pi3HUX 3HAYEHHSIX A,
ta P* Hanpuknan, npu BigHocHOoMYy BiaxuiaeHH1 A,=0,1 Ta HiMoBipHOCTI P*=0,95
HEOOX1/IHE YKCJIO BUMIPIOBAHb CWJIM pi3aHHs /IS 3HaueHb KoedillieHTa Bapiallii B
Mexkax 0,2 - 0,3 moBuHHO Oyt 15-35. IlOBTOpPHICTH HOCHIAIB 3HAXOAWJIACH B
iHTepBal Bia 3 10 5 (mpu 4KCH BUMIPIB y KoxkHOoMY aochial Big 200 mo 500), mio
pu KoedimienTi Bapiamii gocaigaux BenuyuH Bix 0,2 1o 0,3 BiamoBigae BIporigHOCTI
orpuManux aanux Bix 0,90 mo 0,95 [1].
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Pucynok 1 — I'padik 111 BU3HaYeHHS HEOOXIITHOT0 YK CJIa BUMIPIB cHJIN
Pi3aHHA NPH 321aHi TOYHOCTI i HAAIIHOCTI pe3yJbTaTIB A0CHiAy:
1-P*=0,99; 2 - P*=0,95 3 - P*=0,9
Icepeno: [1]
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JIluHaMOMETPpUYHHMI CTEHJ PEECTpallii CHUJIOBOTO HABAHTAXXEHHS aBTOPCHKO1
koHcTpykiii KHYBA [2] moomparsoBano myis mociipkeHHS (BI3MYHOI MOJEi

IpoLeCy pi3aHHs BHUCOKOAOpa3MBHUX MaTepiaiiB aOpa3sUBHUM apMOBAHUM KPYIOM
(pucyHOK 2).

PucyHnok 2 — /IlunamMmomMeTpuYHU Bi30OK
Asmopcbka po3pobka

Ha OokoBux moBepxHsX TeH300aiku | HakieeHl TeH3omatuuku J{1-/[4, 1o
PEECTPYIOTh JOTHYHY cwiy P, sika 1ie Ha a0Opa3uBHMM apMoBaHuii Kpyr. Ha
TOPU30HTANBHIN TeH300aM1l 2 — TeH304aTYuKu /{5-/[8, 10 peecTpyIOTh HOPMAJIbHY

cuiny N, ska Jii€ MiJ 9ac pi3aHHS BOTHETPUBKOI IETJIM HAa aOpa3uBHUNA apMOBaHUI
KpyT (PUCYHOK 3).
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Pucynok 3 — Cxema po3ranmiyBaHHSl TEH30aTYUKIB HA

AMHAMOMETPUYHOMY Bi3KYy
Iocepeno: [2]
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['pynu TeH30aTUYHKIB BKJIFOUEHO B €JIEKTPUYHI MOCTOBI CXEMH, 1110 IIOKa3aH1 Ha
pucynky 4. Cuia pi3aHHs dYepe3 KOHCTPYKIII0O abpa3WBHOTO apMOBAHOIO Kpyra
MepeaacTbesl TeH30AaTInKaM Jedopmariii SKux TpPaHCPOPMYIOTHCS B 3MIHY OTNOPY
BHUMIPIOBAJILHUX €JIEMEHTIB, TaK Y BCIX MOCTOBHX CXEMax 3’ sIBJISIETbCA po30ajaHc.

B ocHOBy MeToniB BHMIPIOBAHHSA JaTYUKaMU  OMNOpY  MOKJIaJEHUMN
TEH30METPUYHHM e€PEeKT — 3MiHa EIEKTPUIHOTr0 (TOOTO OMIYHOI0) OMIOPY METaJIeBOTO
JPOTY JaTyuKa MpHu Horo npyxHii aedopmarii [3].

JlaTuMKy HaKJIeEH! HA MOBEPXHIO TEH30METPUYHOI OaJIKH, 110 JAePOPMYETHCH,
NOJIIMEPHUM KJICEM MO crerianbHii TexHousorii. [Ipu npoxomkeHH1 yepe3 AaTdyuku
€JIEKTPUYHOTO CTPYMY B pe3yJibTari AedopMallii TEeH30METPUYHOI OaTKU 3MIHIOETHCS
omip AartuukiB. B pe3ynbTaTi 3MIHUTBCA Hampyra B €JIEKTPUYHOMY JIAHIIHO31.
Ockunbku gedopmariiss TpomnopiiiiiHa cuiaMm, sKi 1l BUKJIMKAaKOTh, TO iM Oyje
MPOMOPIiiHA 3MiHA HAIPYTH CTPYMY B €JIEKTPUYHOMY KOJII.

Pucynok 4 — Cxema 3’€1HAHHS TEH30METPUYHHUX JATYHUKIB

Y BUMipIOBAJIbHI MOCTH
Iocepeno: [3]

Jatuuku 3’€IHYIOTHCSI B MOCTOBY cxeMmy. B maHomy Bumaaky Ha KOXHY
TEH30METPUYHY OaT0UKy (PUCYHOK 3) HAKJICEHO MO YOTUPH JATYHUKH, SIKI OJHOYACHO
BUKOHYIOTh QYHKIIT poOOYMX Ta KOMIEHCAIIMHMX AATYUKIB. Take MiIKIIOYCHHS
JaTYMKIB JI03BOJISIE PEECTPYBATH TUIBKM PI3HULIIO HANpyrd Ha 0a30Bid JIUISHIN
Oamouku (i, 3aMKHEHIH MK JJaTYMKaMH.

CraHoBi OajlaHCy TEH30METPUYHUX CXEM (pUCYHOK 4) BUMIPIOBAHHS JOTUYHOI
Ta HOPMAaJIbHOI CKJIaJ0BOi CWJ, IO AlIOTh Ha aOpa3uBHUN apMOBaHMA Kpyr Ta
BI/IMOBIIAal0OTh PIBHOCTI

(R1 + R3)Rx = (Rz + R4 )Ra; (3)
(Rs + R7 )Rx - (R6 + R8 )Ra; 4)

ne R; s — omip TEH30JaTYWKIB (IUIeYl MOCTa OmMopy); R, — eTasoHHUU omip; R, —
BHUMIPIOBAJILHUH OIIIp.
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B xoMIuiekT BUMIprOBaJIbHOT anapatypu (PUCYHOK 5) BXOJIUTh: OJIOK KUBJICHHS
l; xabenp xuBieHHs 2: moxyiab ALl (anamoro-umdpoBuii mnepeTBOproBay);
IMIMCTUKAHAJIBHUHN MIJICUIIIOBaY Ta MIKPOKOHTPOJIEPHHUM OJIOK KepyBaHHsS 3; Kabelnb
nepenaui curHany (iHtepgeiic SCI — Serial Communication Interface) 4; ta

nepcoHanbHui komn 1otep (Hazami 1K) 5.

Pucynok 5 — KommiekT BUMipIOBaIbLHOI aniapaTypH

Aemopcwvka pospodka

Curnan posbajlaHCy MOCTa 3 BKJIFOYEHHSM TEH30JIaTUMKIB MiJCUIIOETHCS 3a
JIOTIOMOTOI0  IHCTPYMEHTAJIBHUX  ONEpalliiHUX MIJCWIIOBa4YiB  (PUCYHOK  6),

YBIMKHEHUX 32 CXeMO0 JudepeHIialpbHOTO TijacuiitoBaya (PUCYHOK 7) 3
MOTANIEHHSIM CHH(Aa3HUX TIEPEIIKO/I.
Pucynok 6 — AIIII 3 6;10k0M migcH/IIOBaYiB
Iocepeno: [3]
www.moderntechno.de
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Pucynok 7 — Cxema qu¢epeHiaibHOI0 MiACHI0Ba4Ya
IDicepeno: [3]

3aBASIKM 1IbOMY BJA€THCA MIACWIUTH Jy’K€ MaJIMA pPIBEHb €JIEKTPUYHHUX
KOJIMBaHb 3 YHUKHEHHSM 3pOCTaHHsI MMapa3uTHUX LIYMIB Ta MPSIMOI0 MEPEAATOYHOIO
XapaKTePUCTUKOI. TakoXk, 3aBASKM BKIIOYEHHIO 32 TaKOK CXEMOI, BIAETHCS
YHUKHYTH Jpeddy Hyms, SKuil NpuTaMaHHUM 3BHYAHHM CXEMaM OIepaliiHuX
T ICHJIFOBAYIB.

3a ymoBu R4 R7 = R5 R 6 nepenatouny (yHKIIO MOXHa MPEACTABUTH y
BUTJISIII:

Ueux = & 1+£+& (stZ _Uexl ) (5)
R, R, R,

BinMiHHOIO OCOONUBICTIO PO3IJISIHYTOI CXeMH € T[IOBHA HE3aJEeKHICTh
peryroBaHHs KOe(illieHTa MIJCHUIICHHS BiJl BUKOHAHHS YMOBH.

B skocTi omepamiiiHuX MiJCHIIOBa4iB BUKOPHUCTaHI Cy4acHl 1HCTPYMEHTAaJbHI
nigcuiroBadi BupooHunTea Analog Devices.

[Tincunenuit curHan nomaetbcsi Ha Moaydb ALl mms momanbmoi oOpoOKu.
[Ipunan mpairroe B 1BOX pexuMax 3 Koe(dilieHToM MiICUIeHHS CUTHaTY 1 Ta 2.

B saxocti ATl Buxopuctanmii 10-Tu po3psaHUN MOIYJb, SKHH BXOIUTH [0
ckianxy MikpokoHtpoiiepa cimerictBa PIC (Peripheral Interface Controller) (pucynoxk
8).

Yac neperBopenHss ALII mis 3anpornoHOBAaHOTO KOHTPOJIEpAa BU3HAYAETHCS 34
dhopmyIioro:

TAD:N'TAD"'(H_n)(zTOSC), (6)
ne T'yp — vac aHAIOTO-IU(POBOTO MEPETBOPIOBAHHS HA OAWH OIT (PEKOMEHIO0BAHO

-6 .. ) .
1,6*10 ); n — kinbkicth po3psaniB AlIll; Tosc — TpUBaIICTh OJHOTO TaKTy
CHHXPOHI3YIOUMX IMITYJIbCIB.

ISSN 2567-5273 8 www.moderntechno.de
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PucyHnok 8 — 3arajnbHa cxema npuctporo aist AL
Icepeno: [3]

B cepennpbomy mpu yacToTi TakToBOro reHeparopa 20 MI'1 yac nepeTBOpeHHs

-6
0 OJIHOMY KaHaity ckiaaae 17,6* 107
[Ipy bOMY TOYHICTb MEPETBOPEHHS 3aJIC)KUTh Bl KPOKY KBAaHTYBaHHS , SIKUIM
CJIi po3paxyBatu 3a (OpMYJIOH:

U
n, = )
ne Uggr — onopHa Hanpyra (5B);
S35 om
2 1024

Intepdeiic RS232 mae HeTUIIOBI PiBHI HANIPYT, TOMY ISl Y3TOKEHHS 3 PIBHAMU
iHTep(eiicy MIKpOKOHTpoJiepa HEOOX1THO BHUKOpPUCTOBYBaTU meperBopioBau CONV
(pucyHOK 8).

Hudporuit curnan nopaerbes Ha 1K i momanpiioi oOpoOKU 3a JOMOMOTOO
CIeliaJIbHO HaMCaHoi porpamMu, mija Ha3Bow “Tenzo Cut” [4].

B pesynbrari BigOyBa€Thcsl peecTpallis CUTHAy B pealbHOMY daci Ta
BUBEJICHHS MOT0 Ha €KpaH y BUJIAII Irpadika (pUCyHOK 9).

IIporpama nossoise:

- OJHOYACHO PEECTPYBATH JIaHl 3 IBOX TPy JATYUKIB (pUCYHOK 9);

- TPUBOJUTH JIaHI JI0 3araJIbHOI OpJIMHATH 300paskeHHs (pucyHok 10);

- TMPOBOJMUTH TapyBaHHs, TOOTO Mepexij Bil OpAWHATH 300pakKeHHS 110 CUJIH,

110 JiF0Th Ha a0pa3uBHUM apMOBaHU KpyT (pUCYHOK 11).

- 00poOysaTH maHl (3HAXOJIUTU CEpPEHE 3HAYEHHS Ta CEPeIHBbOKBAJIPATUYHE
BIJIXWJICHHS Ha 33JaHOMY TIPOMIXKKY) (pucyHOK 12);

- 30epiratu Aani B ¢aiini Ha Oyab-sKOMY €Tarll peecTparlii Ta 00pooKu;

- 30epiraTu JaHi y BUIJISAI TAOJMIN YUCEN JJIS MOAANBIIOI 0OpOOKH 1HIIMMHU
nporpamMamMu aHaiizy TabamyHux naHux (Hanpukiaa, Origin abo Microsoft
Excel).

Po3pobiieHe BUCOKOTEXHOJIOTIYHE BHUMIPIOBAIBHO — PEECTpyroue OOJaaHAHHS

JI03BOJISIE€ MIBUAKO 1 6€3 MOBTOPIOBAHb 3 MEPIIOUEPTrOBUX JaHUX OTPUMYBATH TOYHI
OIIIHKHM B3a€MO/Ii1 BUCOKOAOPa3UBHOI 1I€TJIM 3 a0pa3suBHUM apMOBAaHUM KPYTOM Ta Ja€

ISSN 2567-5273 9 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 1

MO>KJIUBICTb OOpOOJIATH IX 3a JOIOMOTOK CY4acHOT'O MPOTrpaMHOro 3a0e3leyeHHs,
10 T030aBUTH BiJ TPYAOMICTKOTO IpOIecy 0OpOOKH JaHUX.

HIBuakicTh momaul aOpa3MBHOIO apMOBAHOTO Kpyra B 30HY pi3aHHS
BCTaHOBJIIOBAJIACh 33 JOTIOMOTOIO MIIKIIOYEHHS MPUBITHOTO €IEKTPOIBUTYHA Yepes
yacToTHU nepeTBopioBay «Frecon» FR150A, cxema miK/IIoueHHs SKOTro 300pakeHa
Ha pUcyHKy 13 [5].

A MainF

PesynbTaTel  Ba3a AaHHbD

Crarge  Conmnected | Seies0 _|[v Seriss2 _| v Seriss 4 =]
150
Wimepsan 7000 4] (¥ Seies1 _|[@ Series3 [ 21 Toppomca | Tow.. |

135 : : ; H H

130

125

- Series 0
— Series 1
Series 2
- Series 3
Series 4

120

s

110

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 G000 6 500

| A | m sTART | stop | o Comparve | Pacer |
Pucynok 9 — Buruisia BIITBOPEHOT0 CUTHAJIY HA eKPaHi

Icepeno: [3]

PesyneTaTel Basa AaHHoix

Crerye  Connected [ [G Seies0 | Series2 | Series d |
3 50T Tot
WMrmepean [7000 [] | Seriest | Heries 3 M =l Mﬁ

— Series 0
— Series 1
Series 2
— Series 3
Series 4

T T T T T T T T T T T T T
S00 1000 1500 2000 2500 3000 3500 4000 4500 S 000 5500 6000 B500

]
w4 e e st | stor | Copoc | Cosparis | Paier |

Pucynok 10 — IlpuBegeHHs1 JaHUX /10 3araJIbHOI OPAUHATH 300paKeHHSI
Iocepeno: [3]
ISSN 2567-5273 10 www.moderntechno.de
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PezyneTaTEl PesynbTatel
Craryo  Connected [~ Series0 [~ Series2[ [ Series4 Craryc  Comnected [~ Seies0 _|[~ Seies2 _| ¥ Series 4 -
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Pucynok 11 — TapyBanns a) 10 TapyBaHHs1, 0) MIiCJIA TAPYBAHHS
IDicepeno: [3]

el TRk R 105,77115631
[ Series 148 48103436 56,751683310
[ Series 2 -77,27234649¢ 128 64126586
315,77423095 82,235198974

(Series 2

.....

14400 . Pospax

Pucynok 12 — BikHo «Po3paxyHkoBi mapaMeTpu» 3 pe3yjibTaTaMu 00PaxyHKIB
IDicepeno: [3]

[BunkicTe mojaui podOOYOro OpraHy B 30HY pi3aHHA V, , BHU3HAYAETHCS

3aJICIKHICTIO!
np,

Vo —_ee
! 60 ) uK.n. ’ (8)
1€ Uy, — TIepEaTOYHE BITHOIICHHS KJIMHOMACOBO1 niepeaayi; 7, — 4acTora
oOepTaHHs Bally IBUTyHA; P. — KpOK TBUHTA TBUHTOBOI Iepeayi.

PerymtoBaHHs MIBUAKOCTI MOJa4l BUKOHYBAJIOCh 32 JIOMIOMOTOI 3MIHM YacCTOTH
CTpyMy JIBHWTyHa f BiJ SIKOi 3aJie’KUTh CHHXPOHHA YacToTa (YacToTa OOCpTaHHS
MAarHiTHOTO TI0JIS):

601

= ©)
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a yactota oOepTaHHs Bajy €IEKTPOJABUTYHA BU3HAYAETHCS HACTYITHUM YUHOM:
ne :nd'kk ’ (10)
ne k, — KOB3aHHsI €JICKTPO JIBUTYHA [6].
TexHiyHa XapaKTepUCTUKA €JIEKTPOABUTYHA TIpEACTaBiieHa B Tabymii 1.

laneMiBHUA pesncTop

© © ©
MCCB
Tpudhaanuii ot O =) (+) PB U
3808 N
50/60 Ty —————= Q ¢ B
. ¥R © T B
©
248 ©
O pLC FR150A
A01
I'Iepemmkau BXDO,
g DI
6D ©
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Mepemuxad E)(U,L'g—s—
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imnynescHa exig HI
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1kQ ~ 5kQ |
DC 0~10V aGo 0~20ma |

I
YBIMKHEHO
‘ O aiz ﬁ 485-
: RS485

E BUMKHERRD O crinkysasmA

Pucynok 13 — Cxema niagkiawdyenns tpugasznoro insepropa 380 B
IDicepeno: [5]

Taboauus 1 — TexHiyHAa XapaKTEePUCTHKA eJIEKTPOJIBUIYHA
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IDicepeno: [6]

Takum 4YWHOM, 3aJaBIIM BIAMOBIJHY YacTOTYy CTPyMy 3a JOTOMOTOIO
nepeTBoproBaya yactotu «Frecon» FR150A mu gocsiraemMo HEOOX1HOI HMIBUJIKOCTI
mojayi po6o4oro oprany B poOody 30HyY.
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Kinekicte 00epTiB aOpa3suBHOrO apMOBAHOTO Kpyra BCTaHOBIIIOBAjJach 3a
JOMOMOTOI0 PETYJSATOpa TMPUBOJHOI MAIIMHU, B SKOCTI SIKOI BHKOPHUCTOBYBAJIACH
pyuHa kyrtonutipyBanbHa MamuHa (pucyHok 14) [7]. BumiproBaHHS KIJIBKOCTI
00epTiB BUKOHYBAJIOCh 3a JOMOMOTOI0 ITu(ppoBoro PoroTaxomerpa (pucyHok 15) [8]

a

Pucynok 14 — Peryasitop o0epriB Ha RyTomniE])yBaanii/i MAaIIUHI
IDicepeno: [7]

Pucynok 15 — ®@ororaxometp

IDicepeno: [8]

TapyBaHHS TEH30METPUUHUX OAJIOK NEpe]] MPOBEACHHIM J0CHIIIB (PUCYHOK 16)
MPOBOJIMIIOCHh MEXAHIYHUM HABAaHTAXEHHSM B HANPSIMKY KOXXHOI 13 CKJIaIOBUX
MOBHOI CHJIH Pi3aHHs 32 JJOTIOMOTOI0 TUHAMOMETPA.

JlunamoMeTp ogHUM (PiKCATOPOM 3aKpPITLITIOBABCS 10 MEXaHI13My TapyBaHHS, a
THIIIAM — JI0 TeH300aJIKU. 3a JI0TMIOMOTr00 MEeXaH13My IepecyBaHHs IIPOBOIUIIOCH
HaBaHTaXXEHHsI Ta (piKcallisi CUTHAIY PEECTPYIOUOI0 anapaTtyporo [3].

Ha pucynky 16,B 300paxkeHuil rpadik TapyBaHHS TEH300aJlOK, J€ TMOKa3aHO
3aJIe)KHOCTI BENMYMHHM CUTHANY BiJl BEIWYMHHU 3YCWJUIA TpU HaBaHTAKEHHI Ta
PO3BaHTAKEHHI.
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Pucynok 16 — TapyBaHHSI TEeH30MEeTPUYHHUX 0AJIOK: a) MOKA3M JTHUHAMOMETPA HA
cTeHi; 0) ocuuiorpama; B) rpagik TapyBaHHs.
Asmopcovka po3pobka

BuchoBok:

3aBASIKM 3aCTOCYBAaHHIO 3alpOCKTOBAHMM Ta PO3POOJEHUM: BHCOKOTOYHIN
CUCTeMi KepyBaHHsS Tojadyl poOOYOoro OpraHy Ta BHCOKOTEXHOJIOTTYHOMY
BHUMIPIOBAJIbHO—PEECTPYIOUOMY  OOJIaIHAHHIO, fKE JI03BOJIsI€ IIBHUAKO 1 0e€3
NOBTOPIOBAaHb 3 MEPIIOYEProBUX JAHWX OTPUMYBATH JOCTaTHHO TOYHI TpH
BiIHOCHOMY BiaxuieHHil A,=0,1 oliHKM B3ae€MOJii BUCOKOAOpa3sMBHUX MaTepialliB 3
aOpa3WBHUM apMOBAaHUM KPYTOM Ta JIaJl0 MOXKJIMBICTb 0OpOOJIATH iX 3a JIOMOMOTOIO
Cy4acHOTO IPOTpaMHOI0 3a0€3MeUeHHs, 1110 M030aBUJIO Bl TPYAOMICTKOTO MPOIECy
00poOku nanux. lle mamo MOKIMBICTH MIHIMI3yBaTU YHCIO BUMIPIB CHJIM Pi3aHHS
MIpH 33/1aHiil TOYHOCTI 1 HAIIMHOCTI pe3yJIbTaTIB JOCIITY 3 BIPOTIIHICTIO OTPUMAHUX
nanux Big 0,90 go 0,95.
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Abstract. Introduction. Evaluation of the interaction of highly abrasive materials with an
abrasive reinforced wheel was carried out on the basis of a one-factor experiment through the use
of high-tech measuring and recording equipment, which made it possible to quickly obtain accurate
results from priority data.

Main text. The processing of oscillograms consisted in determining the average maximum
ordinate of the cutting force P and finding its average value.

The torque stand for registration of the power load of the author's design of KNUBA has been
modified to study the physical model of the process of cutting highly abrasive materials with an
abrasive reinforced wheel. On the side surfaces of the load cell 1, strain gauges DI1-D4 are glued,
registering the tangent force acting on the abrasive reinforced circle P. On the horizontal tenso-
beam 2 — strain gauges D5-DS8, which record the normal force that acts during the cutting of
refractory bricks on the abrasive reinforced circle N.

The cutting force through the design of the abrasive reinforced wheel is transmitted to the
strain gauges whose deformations are transformed into a change in the resistance of the measuring
elements, so imbalance appears in all bridge circuits.

The basis of the methods of measurement by resistance sensors is the strain gauge effect — a
change in the electrical (that is, ohmic) resistance of the metal wire of the sensor during its elastic
deformation.

Sensors are connected to a bridge circuit. In this case, four sensors are glued to each strain
gauge (Figure 3), which simultaneously perform the functions of working and compensation
sensors. Such a connection of sensors allows you to record only the voltage difference in the base
section of the beam, closed between the sensors.

The set of measuring equipment includes: power supply, power cable: ADC module (analog-
to-digital converter); shistic amplifier and microcontroller control unit; signal transmission cable
(SCI — Serial Communication Interface); and a personal computer (hereinafter referred to as the
PC).

The program allows you to:

- simultaneously register data from two groups of sensors (Figure 9);

- bring the data to the general ordinate of the image (Figure 10);

- carry out taring, that is, the transition from the ordinates of the image to the forces acting
on the abrasive reinforced circle (Figure 11).

The feed rate of the abrasive reinforced wheel into the cutting zone was set by connecting the
drive motor through the frequency converter "Frecon" FR1504,

The number of revolutions of the abrasive reinforced wheel was set using the regulator of the
drive machine, which used a manual angle grinder. The measurement of the number of revolutions
was performed using a digital phototachometer.

The packaging of strain gauge beams, before the experiments, was carried out by mechanical
loading in the direction of each of the components of the total cutting force using a dynamometer.
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Conclusion:

Thanks to the use of designed and developed: a high-precision control system for the supply
of working organ and high-tech measuring and recording equipment, which allows you to quickly
and without repetition from the priority data to obtain sufficiently accurate with a relative deviation
Ax = 0.1 estimates of the interaction of highly abrasive materials with an abrasive reinforced wheel
and made it possible to process them using modern software, which saved from the time-consuming
process of data processing. This made it possible to minimize the number of measurements of the
cutting force with a given accuracy and reliability of the results of the experiment with the
probability of the obtained data from 0.90 to 0.95

Keywords: experimental research, highly abrasive materials, abrasive reinforced wheel,
measuring and recording equipment, probability of unevenness.
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