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Pedepar:

1. O6’eKTOM OCIIKEHHS € TeXHOJIOTIUHIN MPOLeC [OiIbHOTO arnapara 3 MTHEBMOEJIEKTPOMAarHiTHUM
IyJIbCOKOJIEKTOP. Y IucepTaliiiHiil po6OTi MpoaHasizoBaHO BIJIUB KOHCTPYKLiIMHO-TEXHOJIOTIYHUX ITapaMeTpiB Ha
eeKTUBHICTh MalIMHHOTO JOTHHS Ta MOJIOKOBiNIauy KOpOBU. [IpoBesieHo aHasli3 KOHCTPYKLiN
ITHEBMOEJIEKTPOMArHITHUX IIyJIbCATOPIB Ta CyMillleHUX I1yJIbCOKOJIEKTOPIB. [I0Ka3aHo, 1110 BUKOPUCTaHHS
€JIEKTPOMarHiTHOTO IPUBOJY HENPSIMOI Aii Befie 1O CIIOTBOPEHHS KEPYIOUOTrO MHEBMATUYHOIO CUTHAJY, MiHIMaJIbHY
IIOTY>KHICTb IIPMBOAY KJIallaHa 3abe3nedyye MiHiManbHUI AiaMeTp MepernyCcKHOro OTBOPY, IMHAMIYHICTh poO60OTH
CHACTEMU II€EpEMUKAHHS TaKTiB IyJIbcaToOpa 3a0e31e4yeThCsl HAIIPYTolo KMBJIEHHS €JIeKTPOHHOTO 6JIOKY IyJibcaTopa
10 24 B. BCTaHOBJIEHO, 110 AONYCTAMI MEXKi BAKYYMMETPUYHOTO TUCKY — 32-48 Klla, yacTtora nysnbcauin — Big 30 xB-
1 mo 120 xB-1, a cTUMYyJIIOI0YA YaCTOTA MYJIbCALIIN B TaKTi cCaHHS MOXe ctaHoBuTH 180 xB-1, 200 xB-11 300 xB-1.

P0o3p061€eHO CTPYKTYPHO-(PYHKIIOHAIBHY CXEMY [THEBMOEJIEKTPOMArHITHOTO MyJIbCOKOJIEKTOPA, 110 peaizye



YHEMOJKJIMBJIEHHS CUJIOBOTO HaBaHTAXKEHH JiMIKOBOI I'YMU Ha JiIKy METOZIOM YPiBHOBa)XEHHS THUCKIB B
MIiKCTiHKOBIU i MigAilikoBiil KaMepax MOiIbHUX CTaKaHiB. BCTaHOB/IEHO, 0 OCHOBHUMU (PAKTOPaAMHU, SIKi BITMBAIOTh
Ha e(peKTHBHE PYHKIIOHYBaHHS [THEBMOEJIEKTPOMArHiTHOTO IIyJIbCOKOJIEKTOPA € TeXHOJIOTiUHI PEXXUMHU POOOTH
IOiNBHOrO anapara (BaKkyyMMETPUYHUI THUCK, YaCTOTa IyJbCallii, CiBBiHOIEHHS MiX TaKTaMU, iIHTEHCUBHICTb
MOJIOKOBi/I[1a4i), KOHCTPYKLiHi TapaMeTpu THEBMOEJIEKTPOMArHiTHOTO MyJIbCOKOJIEKTOPA (T€OMETPUYHI po3Mipu
SIKOPsI-KJIalaHa i BHYTPIlIHI PO3Mipy KOPIYCy MyJIbCOKOJIEKTOPA, TaPaMETPH €JIEKTPOMArHiTy Ta reOMETPUYHI
PO3MipH NOBITPSHUX KaHasiB Koprycy). OTpUMaHO aHaJITUYHI 3aJI€5KHOCTI [7151 MOJIEJII0BAaHHSI IIBUJKOCTI IIOTOKY
IOBITPSI B MDKCTIHHOMY ITPOCTOPI “sIKip-KJlanaH — BHYTPIIIHS IOBEPXHS KOPIIYCY ITyJIbCOKOJIEKTOPA” Ta JOTUYHUX
HaIPY>KEHb, SIKi BCTAHOBJIIOIOTh B3A€MO3BS130K MDK XapaKT€pUCTUKOIO CEPEIOBUILA, BAKYYyMMETPUYHUM THUCKOM i
KOHCTPYKLIMHUMY NIapaMeTpaMH IKOPsI-KJIalaHa, 0 YMOKJIMBIIIOE MOJIEIIOBAHHS KIHEMAaTUYHMX XapaKTePUCTUK
PYXy HOBITPA 1 AMHAMIYHOTrO 3yCUJLIA Ha SKip-KianaH. [IpoBeleHO TEOPETHYHI NOCIIIKEHHS 3 BU3BHAYEHHS
MarHiTOPYIIi¥HOI CUJIM €JIEKTPOMATHITy B PEXUMi yTPUMaHHS AKOPs-KJlallaHa B I10JIOXKEHHI [J71 TaKTy CCaHHS Ta B
MOMEHT MiAHATTS IKOPSA-KJallaHa B TaKTi CTUCKY B 3aJIEXKHOCTI BiJl TEXHOJIOTIYHUX XapaKTEPUCTUK i
KOHCTPYKIiHUX IapaMeTpiB [1yJIbCOKOJIEKTOPA. BcTaHOBIIEHO, 10 i3 30i/IbIIEHHSIM 3a30Py MiXK BEPXHBOIO
IJIOLMHOIO IKOPSI-KJlallaHa i MarHiTOIIPOBOIOM Ta i3 3pOCTAHHSIM BaKYyMMETPUYHOIO TUCKY 3HAUYEHHS aMIlep-
BUTKIB €JIEKTPOMarHity 3pocrae. Tax, 3a 3a30py o0 = 0,1 MM i BakyymmeTpu4Horo TucKy PB = 50 kIla KinbKicTb amriep-
BUTKIB €JIEKTPOMATHITY JJI1 yTPUMAaHHS SIKip-KJallaHa y TaKTi «CCaHHA» nepesuilye IW = 9 A-Bur, a 3a 3a3opy 0 =1
MM [7151 yTPMMaHH4 sIKip-KJIallaHa y BEPXHbOMY IOJIOKEHHI HeoOxigHO IW = 90 A-But enektpomarsiry. s
MiIHATTS SIKip-KJlanlaHa 3 HUKHBOTO IO0JIOKEHHS (IIEPEeXif Bill TAKTY «CTUCKY» [0 TaKTy «CCAHHS») Ta 3MiHU
BaKyyMMeTpPUYHOTO TUCKY Bif 5 KI1a 1o 50 kIla amnep-BUTKY eJIeKTPOMarHity HeooxinHo 3abe3neuuty Big IW =106
A-But go IW = 335 A-Bur. ¥V peaysbTaTi TEOPETUYHUX AOCiIKEHb HAMYU BCTAHOBJIEHO, 110 32 IW=400 A-Burt i
BaKyyMMeTpu4Horo tucky PB =50 kI1a, yac nigHiMaHHS sIKOpsi-KJalaHa Ha Bifggasi y=4 mm cTaHoBuTb t=0,102 c. 3a
3HaueHHs IW=100 A-BuT yac nigHiMaHHS SIKOps-KJanaHa CTaHOBUTH t = 0,23 ¢ i i3 30ibLUIEHHSIM ITOTYKHOCTI
€JIEKTPOMArHIiTy TPUBAJIICTh MifHIMAaHHS KOPS-KJIallaHa 3MEHIIyeThCs. TpuBasicTh MifHIMaHHS SKOps-KJanaHa 3a
nepexojly THEBMOEJIEKTPOMArHiTHOTO I1yJIbCOKOJIEKTOPA Bifl TAKTy «CTUCKY» 10 TaKTy «CCAHHS» € HEJIiHINHOI0
XapaKTEPUCTUKOIO, i3 361/IbIIEHHSIM aMIIEP-BUTKiB €JIEKTPOMArHiTy TPMBAJiCTb Yacy MiJHIMaHHS SIKOps-KJanaHa
3MEHIIYETHCS. [3 3MEHIIEHHIM BaKyyMMETPUYHOTIO TUCKY TPUBAJICTD MiJHIMaHHS KOPsI-KJlallaHa 3a [IEPEXONY
ITHEBMOEJIEKTPOMArHiTHOTO I1yJIbCOKOJIEKTOPA Bifl TAKTy «CTUCKY» 10 TaKTy «CCAHHSI» TaKOX 3MEHIIYEThCSL.
TeopeTuyHi HOCIiIKEHHS IPOBEIEHO 3 BUKOPUCTAaHHSIM OCHOBHMX 3aKOHIB ra30BOi AMHAMIKY i THEBMATUKU Ta
METO/iB KITaCUYHOI MeXaHiKy, iIHTerpasbHOTO i AudepeHIiaTbHOro YncaeHHs. EKcriepuMeHTaNbHi JOCTiIKeHHS
BMKOHaHi B JJaGOPaTOPHUX YMOBAaX 3 BUKOPUCTAHHSIM TEH30METPUYHOTO KOMIIEKCY 3 IM(PPOBUM KOMITIOTEPHUM
ocuusnorpadomM Ta METO/IB IIJIaHYBaHHS 6araTo(akTOPHUX €KCIIEPUMEHTIB. CTaTUCTAYHE ONPALIIOBAHHS
€KCIIepUMEHTAJIbHUX JAHUX TIPOBOJIMIIY i3 BUKOPUCTAHHSIM BiJ[IOBiJHMX IPOrPaMHUX NPOAYyKTiB (Microsoft Excel,
Statistica). YI0CKOHasIeHUN CTeH, 151 eKCIIePUMEHTaIbHUX JOCiI)KeHb ITHEBMOEJIEKTPOMAarHiTHOTO
IIyJIbCOKOJIEKTOPA, 110 YMOSKJIMBJIIOE€ BUMIPIOBAaHHS B Yaci AMHAMIKy 3MiHM BaKyyMMETPUYHOTO TUCKY B IIPOLEC]
PO060THU NOINMBHOTO anapara 3 BUKOPUCTaHHSAM iMiTaTopa iHTEHCUBHOCTI MOJIOKOBiAAadi. Po3pobaeHuit
€KCIIEPMMEHTAJIbHUI THEBMOEJIEKTPOMArHITHUM ITyJIbCOKOJIEKTOP. B OCHOBI IPOBENEHHS €KCIIEPUMEHTAIbHUX
IoCinKeHb € 6araToakTOpPHUI IJIaHOBaHUM €KCIIEPUMEHT i OTpUMaHi perpeciiiHoi Mozesii B HaTypajibHUX
(daxTopax 1 ABOX- i TpU- (PAKTOPHOI MOZEJIi BiZITIOBIIHOTO IOPSAKY.

2. The object of research is the technological process of the milking machine with pneumatic electromagnetic
pulsator combine with collector. The dissertation analyzes the influence of design and technological parameters
on the efficiency of machine milking and milk ejection of cows. The analysis of constructions of pneumatic-
electromagnetic pulsator combined with collector is carried out. It is shown that the use of electromagnetic drive
of indirect action leads to distortion of the control pneumatic signal, the minimum power of the valve drive
provides the minimum diameter of the bypass hole, the dynamics of the pulsator clock switching system is
provided by the electronic voltage by 24V. It is established that the allowable limits of vacuum pressure - 32-48
kPa, ripple frequency - from 30 min-1 to 120 min-1, and the stimulating ripple frequency in the suction stroke can
be 180 min-1, 200 min-1 and 300 min-1. A structural and functional scheme of a pneumatic-electromagnetic



pulsator, combined with collector has been developed, which implements the impossibility of force loading of teat
rubber on teats by the method of balancing pressures in the interwall and subsurface chambers of milking cups. It
is established that the main factors influencing the effective functioning of the pneumatic-electromagnetic
pulsator combined with collector are technological modes of operation milking machine (vacuum pressure, ripple
frequency, ratio between the strokes, milk ejection), design parameters of the pneumatic-electromagnetic
pulsator, electromagnet parameters and geometric dimensions of the air ducts in the housing. Analytical
dependences for modeling the air flow velocity in the wall space "armature-valve - the inner surface of the
pulsator combined with collector” and tangential stresses, which establish the relationship between environmental
characteristics, vacuum pressure and design parameters of the valve armature, which allows modeling kinematic
characteristics air and the action of dynamic force on the anchor valve. Theoretical studies to determine the
ampere-turns of the solenoid in the mode holding the armature-valve in the position for the suction stroke and at
the time of raising the armature-valve in the compression stroke depending on the technological characteristics
and design parameters of the pulsator combined with collector. It is established that with the increase of the gap
between the upper plane of the armature-valve and the magnetic conductor and with the increase of the vacuum
pressure the value ampere turns of the electromagnet increases. The gap 0=0,1 mm and vacuum pressure PB=50
kPa, the number of ampere-turns of the solenoid to keep the armature valve in the stroke "suction" exceeds [=9
A-Vit, and at a gap 0=0,1 mm to hold the armature -valve in the upper position is required IW=9 A-Vit - solenoid
wind. To raise the armature valve from the lower position (transition from compression stroke to suction stroke)
and change the vacuum pressure from 5 kPa to 50 kPa ampere-turns of the solenoid must be provided from IW =
106 A-Vit to IW = 335 A-Vit. Result of theoretical research it was found that at IW = 400 A Vit and vacuum pressure
PB = 50 kPa, the lifting time of the valve armature at a distance of y =4 mm is t = 0,102 s. When value IW =100 A
the lifting time of the valve armature is t = 0,23 s. and as the power of the solenoid increases, the lifting time of the
valve armature decreases. The duration of raising the armature-valve during the transition of the pneumatic-
electromagnetic pulsator combined with collector from the stroke of "compression” to the stroke of "suction” is a
nonlinear characteristic with increasing ampere turns of the solenoid. When the vacuum gauge pressure
decreases, the lifting time of the valve armature during the transition of the pneumatic-electromagnetic pulsator
combined with collector from the "compression” stroke to the "suction" stroke also decreases. Theoretical
research was conducted using the basic laws of gas dynamics and pneumatics and methods of classical mechanics,
integral and differential calculus. Experimental studies were performed in the laboratory using a strain gauge
complex with a digital computer oscilloscope and methods for planning multifactorial experiments. Statistical
processing of experimental data was performed using appropriate software products (Microsoft Excel, Statistica).
Improved stand for experimental studies of the pneumatic-electromagnetic pulsator combined with collector,
which allows measuring in time the dynamics of changes in vacuum pressure during operation milking machine
using a simulator of milk ejection. An experimental the pneumatic-electromagnetic pulsator combined with
collector has been developed. The basis of experimental research is a multifactor planned experiment and the
obtained regression model in natural factors for two- and three-factor models of the corresponding order.
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