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IMPOT'PAMHI KOMITIOHEHTH TP KOMII'IOTEPHOMY BU3HAYEHHI
HATAI'Y HUTKHA HA CHYBAJIbHUX MAIINHAX
3 BAKOPUCTAHHSIM AJITOPUTMY PEKYPCII

Po3pobka npozpamMHux KOMNOHEHMI8 Npu KOMN 1OMepHOMY 8U3HAYEHHI HAMS2y HUMKU HA CHY8A/1bHUX MAWUHAX,
npu nidzomosyi OCHOBU 3 BUKOPUCMAHHAM aA20pumMmy peKypcii, 00360/4€ HA NOYAMKOBOMY emani eusHavamu
MexHO/102IYHI HA8AHMAxMCeHHs, SIKI 6ydymb eUHUKamu 8 npoyeci CHy8aHHs 8 3aJ/edxcHocmi eid eudy cuposuHu, sikocmi
nidzomosku 606iH. Komn'tomepHe 8u3Ha4eHHs 3MiHU 8I0HOCHO20 HAMSIZY HA CHYB8A/AbHUX MAWUHAX hpu hid2omosyi ocHosU
041 8U20MOB/EHHST 602aMOWApPOBUX MeXHIYHUX MKAHUH CheyiaabHO20 NPUSHAYEHHS 6Aa3yeEMbCs HA  YUCENbHOMY
pP036’s13aHHI MPaHCYeHOeHMHUX PIBHSIHb 3 BUKOPUCMAHHSIM A/120pUmMmie pekypcii ma duxomomii.

Karouosi caoea: npoepamHi KOMNOHeHMU, KOMN'lOmepHe 8U3HAYEeHHsl Hamsizy, a/a20pumm pekypcil, cHysa/bHi
MAWUHU.
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SOFTWARE COMPONENTS IN COMPUTER DETERMINATION
OF THREAD TENSION ON ROPING MACHINES USING RECURSION ALGORITHM

The development of software components for computer determination of thread tension on winding machines, in the preparation of the
base using the recursion algorithm, allows at the initial stage to determine the technological loads that will occur during warping depending
on the type of raw material, quality of spool preparation. Computer determination of the change in relative tension on dream machines in
the preparation of the basis for the manufacture of multilayer technical fabrics for special purposes is based on the numerical solution of
transcendental equations using recursion and dichotomy algorithms.

Calculation of changes in relative tension on winding machines in the preparation of the basis for the manufacture of multilayer
technical fabrics for special purposes allows at the initial stage to determine the technological loads that will occur during warping
depending on the type of raw material, quality of spool preparation. The change of tension occurs due to the interaction of the warp threads
with the guides of the winding machines of large and small curvature, tensioning devices. The development of software components in the
computer determination of thread tension on spinning machines should be based on the use of object-oriented programming languages.
Determining the change in relative tension in the refueling zones of the sweeping machine, taking into account the design of the unit for
tension, will improve the technology of warping in the preparation of the basis for the manufacture of multilayer technical fabrics for special purposes.

Improvement of technological processes of warping should be based on complex researches of process of interaction of warp
threads with devices for a tension, directing surfaces of big and small curvature. Theoretical dependences of the warp tension will allow to
obtain mathematical software used in a computer program to calculate the change in relative tension in the refueling zones of the spinning
machine, reduce the percentage of breakage of warp threads, improve the quality of weaving thread. Many studies do not take into account
the change in the input tension of the warp thread when it is wound from the spool. This leads to significant differences between the
theoretical and experimental dependences of determining the change in relative tension in the refueling zones of the dream machine, which
does not allow to obtain reliable results.

Keywords: software components, computer determination of tension, recursion algorithm, winding machines.

IMocranoBka npodjeMu
Po3paxyHOK 3MiHM BIIHOCHOTO HATSITy Ha CHYBaIBHHAX MAaIIMHAX TMPH MiArOTOBI[I OCHOBU JIJIS
BUTOTOBJICHHS 0araToIapoBHX TEXHIYHMX TKAHWH CIIELIaJbHOTO IPH3HAYCHHS IO3BOJISIE HA MMOYATKOBOMY eTarli
BH3HAYaTH TEXHOJIOIIYHI HaBaHTa)XKEHHs, SIKI OyJIyTh BHHHKATH B IPOLECI CHYBaHHS B 3aJIOKHOCTI BiJ BHIY
CHUPOBUHH, SKOCTI MIiATOTOBKH O00iH. 3MiHa HATATY BiIOYBa€Tbcs 3a pPaXxyHOK B3a€MOJii HHUTOK OCHOBH 3
HalpsIMHUMH CHYBaJbHHX MAalIMH BEJMKOi Ta Majol KPUBU3HH, IIPUCTPOSIMH Ul HATAry. Po3poOka mporpamHuX
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KOMITOHEHTIB IIPU KOMIT IOTEpHOMY BH3HA4YCHHI HATATY HUTKHM Ha CHYBaJbHUX MAIllMHAX ITOBHHHA 0a3yBaTmCs Ha
BUKOPHCTaHHI MOB 00’€KTHO-OPIEHTOBAHOTO INpOrpaMyBaHHs. Bu3HayeHHS 3MiHM BiJIHOCHOTO HATATY HO 30HaM
3alpaBKU CHYBAJIbHOI MAIIMHY, 3 ypaxyBaHHSAM KOHCTPYKIii OJIOKy ISl HATSTY, ZO3BOJINTH MOKPALIUTH TEXHOIOTI0
CHYBaHHSI IIPY ITiITOTOBLII OCHOBH JIJIsS BUTOTOBJIEHHS 0araroliapoBUX TEXHIYHUX TKAHUH CIELIATbHOTO TPU3HAYESHHS.

AHaJi3 Kepena

Y 10CKOHAIEHHSI TEXHOJIOTIYHUX TPOLECIB CHYBaHHS IIOBHHHO 0a3yBaTHCSA HA KOMIUIEKCHHUX JOCIIIKEHHIX
Mpolecy B3a€MOJIl HUTOK OCHOBH 3 IPUCTPOSIMH MIJIsl HATATY, HANPSIMHAMH TMOBEPXHSMH BEIHKOI Ta Majoi
kpuBH3HU [ 1-4]. TeopeTnyHi 3a1eXHOCTI HATSATy OCHOBH J03BOJIATH OTPUMATH MaTeMaTudHe 3a0e3nedeHHs [4], ske
BHKOPHCTOBYETHCS B KOMIT IOTEpPHIM mporpaMi Iisi po3paxyHKY 3MiHH BiTHOCHOTO HATATY IO 30HAM 3aIllPaBKU
CHYBQJIbHOT MaIllMHH, 3MEHIINTH BiJICOTOK OOPWBIB HUTOK OCHOBH, MOJIIMIINTH SKICTh TKalbkoro Hasow [3, 7]. B
0araTboX JOCII/DKEHHSIX HE BPaXOBYETHCS 3MiHA BX1THOTO HATATY HUTKH OCHOBH TIpH 1l 3MOTYBaHHi 3 0006inu [3-7].
Ile npusBOOMTH A0 3HAYHUX PO3ODKHOCTEH MK TEOPETHYHMMHM Ta EKCHEPHMEHTAIBHUMHU 3aJIC)KHOCTSIMU
BU3HAUEHHsl 3MIHM BiJHOCHOTO HATATy IO 30HaM 3alpaBKM CHYBaJIbHOI MallMHU, LIO HE JI03BOJISIE OTPUMATH
JIOCTOBIpHI pe3yJIbTaTH.

Henockonana ¢opma 3anpaBKu HUTOK OCHOBM Ha CHYBaIbHUX MAlllMHAX, HU3bKa SIKICTh HUTOK OCHOBH,
IIPY 3POCTaHHI HATATY OCHOBU IO TJIMOMHI 3alpaBKH, NMPU3BOIUTH 10 0oOpuBiB. IIpocToi CHYBaNbHHX MallIuH,
ITOB’sI3aHi 3 JTIKBiAIi€f0 OOPUBIB OCHOBH, CKIANar0Th 72—84 % Bif 3arampHOrO 4acy mpocrtois [ 1-3].

CKOpOTHTH KUTBKICTh OOpHBIB OCHOBM Ha CHYBAJFHHX MAallWHAX MOKHA IIJSIXOM BUKOPHUCTAHHA SKiCHOI
CHPOBHHH Ta OINTHMI3aIli€l0 YMOB B3a€MOJIi HUTOK 3 NMPHUCTPOSMH JUISl HATATY Ha CHYBIBHHX MaIllMHAaxX, JIe Mae
MICIIe B3a€MOJis HUTKH 3 TOBEPXHIMH BEIHMKOI Ta Majol KPHBH3HH. 3aJIeKHOCTI HATATY HUTOK OCHOBH MAlOTh
BUTJISIT CUCTEM TPAHCIEHAECHTHUX PIBHSIHb, JUIS PO3B’S3aHHS SKUX HEOOXIJHO BUKOPUCTOBYBATU YHMCENbHI METOIH.
Haii0inpim eeKTUBHAM € METOA JUXOTOMii [2—7].

MeTo10 po60TH € p0o3poOKa MPOrpaMHUX KOMIIOHEHTIB PH KOMII FOTEPHOMY BU3HAUYEHHI HATATY HUTKH Ha
CHYBQJIbHUX MAIllMHAX 3 BAKOPUCTAHHSAM allTOPUTMY PEKypCii.

BukJjaa ocHOBHOTO MaTtepiaiay
Ha puc. 1, a npeacraBienuid 6J0K Uil HATATY HATKH Ha CHYBaJIbHIA MalllMHI 3 IalHOOBUM MPUCTPOEM IS
HaTATY Ta KOMIIEHCATOpOM 3 KumblsiMu. Ha puc. 1, 6 mpencraBieHuil OMOK Ui HaTATy HATKH Ha CHYBaJIbHIN
MalllMHI 3 JIBOMa Iai00BUMHU NpUCTpOsiMU Jiist HaTsry. Ha puc. 1, ¢ mpeacraBieHnil ONOK JUIs HATATY HUTKU Ha
CHYBJIbHIH MallvHi 3 TphOMa Mai00BUMH IPUCTPOSIMU JUTSL HATSTY.

Puc. 1. IIpucTpoi 1151 HATATY HUTKH CHYBAJIbHUX MaLIHH:
a) 3 Wal00BUM NPUCTPOEM /ISl HATATY Ta KOMIIEHCATOPOM 3 KiJbLISIMH;
0) 3 1BOMA MIAHOOBMMM NPUCTPOSIMU [IJIs1 HATHATY;
6) 3 TPHOMA IMIA00BUMH MPUCTPOSIMHU ISl HATATY

Ha puc. 2, a nokazana po3paxyHKOBa cXeMma Ui BHIIAJKy HAsSBHOCTI pajiadbHOTO OXOIUICHHS, a Ha
puc. 2, 6 — po3paxyHKOBa cxema 0e3 pajiaabHOr0 OXOIUICHHS.

I’-Rsina

Puc. 2. Po3paxyHkoBi cxemu:
@) po3paxyHKOBa cXeMa KOMIICHCATOPA HATSATY HUTKHU 3 KiIbLSAMH;
0) cxeMa peaJiizanii MeToly BBeJJeHHsI 10JaTKOBOI0 KyTa /IS KOMIIEHCATOPA HATATY HUTKHM 3 KilbUSIMHU
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3aneXHICTh HATATY HUTKH IICT MIai00BOr0 MPHCTPOIO0 CHYBAJIFHOI MAlIMHH, 3 YpaxXyBaHHSIM 3MIHHOTO
BXIIHOTO HATATY, Ma€ Burisix [ 1, 3—6, 7]

phe(a+d 2 ="t (1= ) r
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Je Po— HaTar HUTKK 10 HANpsIMHOI; Py — HATSAT HUTKHU MICIs HAMPSMHOT; R — pajiiyc KoJia KOHTaKTy MK BEpXHBOIO
Ta HIDKHBOIO Imaiidamu; » — pamlyc OWIHIPUYHOTO HAMPABISAIOYOTO CTPHKHSA, ¢ — KOCQIMIEHT MKOPCTKOCTI
NIPYKUHHM; 7y — Paflyc MEpEeTHHY HUTKH; O — ITOJIOBUHA KyTa OXOIUICHHS HUTKOK IMJIIHJPUYHOTO HAMPABIISFOYOTO
CTPYDKHS; L — KOEILliEHT TEPTS MK MOBEPXHSAMH BEPXHBOI Ta HIKHBOI IA0 Ta HUTKOIO; [ — KoedilieHT TepTs
MDX TOBEpXHEIO IMJIIHAPHYHOTO HAMPSIMHOTO CTPWXKHS Ta HUTKOIO; @, b; — aMIUIITyOu 3MiHM i-H TapMOHIKH
BXI1JTHOTO HATATY; ®; — YaCTOTA 3MiHHM HATATY i-i TAPMOHIKH; 7 — YHUCIIO TAPMOHIK.

3anexHICTh TepemaBadbHOl (YHKII 3MIHM BiJHOCHOTO HATATY IICII KOMIIGHCATOpa 3 KUIBISIMHU
CHYBaJIbHOI MalIMHU Mae Burisia [ 1, 4]%
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J€ L1 — KoedimieHT TepTs MK HHUTKOIO 1 IO HWJIIHAPUYHOIO HAIPaBJIAIOYOI0; L2 — KOE(MIIIEHT TepTs MDK
KUIBLISIMU 1 BEPTUKAIBHOIO HAIIPABJISIIOYO0 KOMIIEHCATOP HATATY HUTKU; Ri — pajiyc HMIIHIPUYHOT HAIIPABIISFOYOi;
V' — BimcTraHh MiX BICCIO IIUIIHAPHYHOI HAIPABISIFOUOl i OTBOPOM BOMiS HUTKH; /71 — Maca PYXOMHX YacTHH
KOMITEHCATOPa; y — BEpTHUKaJIbHA OpJIMHATA; { — yac.

3anexnocri (1) Ta (2) cknamanu MareMaTHyHe 3a0€3MEUSHHS U1 pO3PaxyHKy 3MiHH BiTHOCHOTO HATATY Ha
CHYBaJIbHUX MallMHAX NPH IATOTOBII OCHOBH JUISI BUTOTOBJIGHHS 0araToIlapoBHUX TEXHIYHMX TKAHHWH CIIELiajbHOTO
npu3HadeHHA. [1ocTimOBHICTE po3paxyHKy HATATy HUTKH OCHOBM IpH CHYBaHHI HacTymHa. Ha mepmomy erari
o0OuparoTh MarepiaJl KOMIUIEKCHOT HUTKU. Ha ronoBHi# (opmi KoMIT 1oTepHOT MporpamMu po3TalioBaHWii KOMIIOHEHT
Uit 00panHs KomIuiekcHOT HUTKH N2: TMenultem. ITponeaypa procedure. TForm2.N2Click 3abe3rneuye oOpaHHs B
SIKOCTI CHPOBHHH UTSA CHYBaHHS ToJiaminHoi komruiekcHoi HuTKH procedure. TForm2.N38Click. Ha npyromy erari,
npu BukoHauHi npoueaypu procedure TForm2.N16Click(Sender: TObject), obupaemMo nepiogndYHUI 3aKOH 3MiHA
BXimHOTO HaTAry. Ha puc.3 mpezncraBieHi rpadidHi pe3ynpTaTd: a) 3aKOH 3MiHM HATATY Y BHIJLLAI TapMOHIYHOI
¢yHK1iT; 6) rpadik 3MiHU BXiTHOT'O HATATy HUTOK OCHOBU. BukopucToByBasacs mosniaminHa KOMIUIEKCHA HUTKa 168
Tekc. JIJis mepioAUYHOr0 3aKOHY OYJIHM MPHHHATI HACTYIHI KOHCTaHTH b, =15, b,=0.21, p,=0.43, b, =0.52, b, =0.33,

b,=0.14, b, =0.23.

MepioauUHUi 30KOH 3MiHU BXIAHOrO HaTArYy

PO(1) = b0 + blsin’? (b31) + b4 cos” (b61)

b0 1l b2 b2

MNoyaTkoeui HaTar PO

[i5 021 043 052

033 074 023

= a0 100 150 200 250 304

Puc.3. I'padiuni pesyabraTu:
a) NpeJCcTaBJ/IeHHsI 3aKOHY 3MiHH HATATY OCHOBH Y BUIJIsAi rapMoHiuHoi ¢pyHkuii - procedure TForm23.Button1Click(Sender: TObject;
0) rpadik 3mMiHM BXigHOro HAaTATY HUTOK 0CHOBH procedure TForm23.Button1Click(Sender: TObject)

Bymn mpoBeneHi po3paxyHKd UL TodiaMigHOi KomIulekcHoi HHUTKH 168 Tekc. Bymm peamizoBani Tpu
BapianTu. Ilepmmii BapiaHT Juisi HAaTsAry HUTKA Ha CHYBJIbHIN MallvHI 3 MIAHOOBMM IPUCTPOEM Ui HATATY Ta
KOMITEHCATOpOM 3 KUThIpIMU. Jpyruii BapiaHT Ui HATATY HUTKH Ha CHYBaJbHIH MaIlMHI 3 IBOMa IIaiOOBUMH
OPHUCTPOSMH [UTsl HaTATy. Tperidi BapiaHT Ui HATATy HUTKM HAa CHYBaJbHId MallMHI 3 TpboMa LIaliOOBHMHU
npucTposiMu Uit Hatsary. Ha puc. 4, a—¢ mpencrapieHi giarpamu 3MiHM Hatsary. AHajli3 10Ka3aB, MI0 B TPETHOMY
BapiaHTi 3pOCTaHHS HATATY B MOPIBHAHHI 3 HEPIINM BapiaHTOM ckiaio 39 %, a 1Mo BiHOIIEHHIO 3 JPYTUM BapiaHTOM
32%. TakuM YMHOM MOKHA 3pOOHMTH BUCHOBOK, I1I0 BUKOPHCTaHHS KOMIICHCATOpPA 3 KUIbLSIMH JI03BOJISIE 3MEHILUTH
KOJIMBAHHS HATATY Y BUIAIKYy 3MiHH BXiJHOTO HATATY TO TapMOHIYHOMY 3akoHy. Peamizamis mpouemypu procedure
TForm2.N10Click(Sender: TObject) no3Boimia BCTaHOBUTH 3MiHY BIJHOCHOTO HATsATy IO 30HaM 3allpaBKU
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CHYBAJIFHOI MaIlIMHU. AHAJI3 ITOKa3aB, 10 MaKCHMaJIbHE KOJMBAHHS BiTHOCHOTO HATATY Ha CHyBaNbHII MamuHi Oyae
Y BUIa/IKy BUKOPHCTaHHS IPyrOro 41 TPEThOro BapiaHTy KOMOiHAMil TPUCTPOIB JUIs HATATY OCHOBHOT HUTKH.

3MiHa HATAMY No 30HAM 3MiHa HATATY N 30HAM

JEET

Puc. 4. liarpamu 3miHu HaTATY:
@) 3 aiG0BHUM NPHCTPOEM /ISl HATATY Ta KOMIEHCATOPOM 3 KiIbISIMH;
0) 3 1BOMA aii00BUMH NPUCTPOSIMH VISl HATSITY; 6) 3 TPHOMA IaKH00BHMH NPUCTPOSIMH JIJIsI HATATY

BucHoBku
Po3pobiieni mporpaMHi KOMIOHEHTH TNPH KOMIT IOTEPHOMY BHM3HAU€HHI 3MIHM BIJTHOCHOTO HATATY Ha
CHYBQJIBPHMX MaIIMHAX TMPH IiJrOTOBLI OCHOBHM JUIS BHUIOTOBJICHHS 0araToliapoBUX TEXHIYHMX TKaHWH
CHeLiaIbHOTO NMPHU3HAUYeHHs. 3MIHHUMH (hakTopamMu OyJd BHJI CHPOBMHHU Ta BXiJHHMI HATAT HUTOK IIICJIS CXOAY 3i
CHyBaJIbHUX 000iH. 711 TpHOX BapiaHTIB OIOKY ISl HATATY OyJM OTPUMaHi JliarpaMu 3MiHU BiIHOCHOTO HATSATY 11O
30HAM 3alpaBKH.
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