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AHOTAIIIA

MapTtuHenb T.B. Posmupenns obmacti 3aCTOCYBaHHSA
aHTHOJOKYBAJbHUX CHCTEM JETrKOBHX aBTOMOOIIIB IIISIXOM CIPOIICHHS
KOHCTPYKI[IT MoaymsiTopiB Tucky — KBamidikamiiina HaykoBa mparms Ha

npaBax pyKOIUCY.

Jucepraiiss Ha 3400yTTSI HAYKOBOTO CTYINEHS KaHAUJaTa TEXHIUHHUX
Hayk (moktopa ¢uiocodii) 3a cmemianpHicTio 05.22.02 «ABTOMOOLII Ta
tpaktopu» (13-MexaniuyHa iHxeHepis) — HamioHanbHHE TEXHIYHUH

yHiBepCUTET «XapKIBChbKUN MOJITEXHIYHUN IHCTUTYT», XapkiB,2017.

binem HiX 35-piuHMil TOCBIA €KcIUlyaTamnii aBTOMOOIIIB, OCHAIIEHUX
aHTUOJOKYBaJbHUMHU CHUCTEMaMH, JOBIB CYTTE€BE MIJABUILEHHS CTIMKOCTI 1
KEpOBAHOCTI aBTOMOO1IIB 31 30epexeHHsIM (ab0 HaBITh MOJIMIICHHIM)
epexTuBHOCTI TasibMyBaHHsA. He3Baxkarouum Ha 1€ 00JacTh 3aCTOCYBaHHS
aHTUOJOKYBaJbHUX CHUCTEM 3aJIMIIAETHCI OOMEXEHOI Yepe3 BHUCOKY iX
BapTicTh. Jlo 75% BapToCcTi aHTUOJIOKYBaJbHUX CHUCTEM CTaHOBUTH
BapTIiCTh MOIYJSATOPIB THUCKY. Bimomo, 1mo 3acTocOBYBaHI Ha JaHUW 4ac
crmocoOu MoOAyJdAIii TUCKY B TIAPaBIIYHOMY TaJlbMIBHOMY TPHUBOJII
BUMAarawTh JJIs iX peaji3zanii BUKOPHCTAHHS TOPOTUX KOHCTPYKTHUBHHX
eneMeHTiB. [lopiBHSJIIBHUN aHaANI3 BiJOMHX CIIOCOOIB MOAYIAIii THCKY B
TIIpaBIiYHOMY TaJlbMIBHOMY TPHUBOJI TMMOKa3aB, IIMO0 TUIBKH CIOCI0
OCHUJIAIINHOI MOAyJsLii HE BHUMarae AJs CBO€l peaiizalii JOpOrux
KOHCTPYKTUBHHUX €JIEMCHTIB (CJICKTpOMAarHiTHUX KJjamaHiB, HAcOCiB, MIO
MiJKaYyIOTh, KPOKOBHUX €JIEKTPOJBUTYHIB 1 T.M.), IO J03BOJSAE 3HU3UTH
BapTICTh MOJYJSATOPIB MPH iX 3aCTOCYBaHHI.
OnHak, MOXIUBICTH 3aCTOCYBAaHHS IIbOTO CIOCOO0Y HEIOCTaTHHO

JNOBEJEHA, a TaKOoX BIACYTHA METOJMKAa pPO3paxyHKy IMapaMeTpiB
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OCUMJISALIIMHUX MOAYJSATOPIB, IO MEPEIIKOJKAa€ HOro BUKOPUCTAHHIO B
aHTUOJOKYBaJbHUX CUCTEMAX.

3 MeTOoI0 pO3UIUpPEHHS O00JacTi 3aCTOCYBaHHS aHTH OJOKYBaJIbHHUX
CUCTEM 3a paxyHOK 3HWIKEHHS BapTOCTI MOJAYJIATOpPa THCKY aBTOPOM
TEOPETHYHO Ta EKCIEPHUMEHTAIbHO JOBEJEHA MOXXJIUBICTH 3aCTOCYBaHHS
OCHMJISIUINHOT MOAYIANII TUCKY y TIAPaBIiYHOMY TrajibMIBHOMY HPHUBOJI.
BukoHaHO MaTeMaTHuYHE MOJEIIOBAaHHS MPOLECY OCHUIALINHOI MOAyIsALii
3 METO TMIATBEPAXEHHS MNPUHIMUINOBOI ii MOMXJIUBOCTI, a TakKoX MAJs
BU3HAYECHHS XapakTepy 3aJie’KHOCTI THUCKY B poOOYOMYy TajdbMiBHOMY
UJIIHJP] BiJl CKBAXHOCTI KEPYIOUOr0 CHUTHAIY. XapakKTep OTPUMAHOI MpH
MOJICJIIOBAaHHI 3aJIEKHOCTI CEpPEAHbOr0 TUCKY B poOOYOMY TajJbMIBHOMY
UJIIHJP1 B CKBAXKHOCTI KEPYKOUOro CUTrHaily (MOHOTOHHICTH 3aJI€KHOCTI 1
MOKJIUBICTh 3HM>KEHHS TUCKY B1J 10 MIla npakTuuHO 10 HYJIS) NiATBEPIXKYE
MOJKJIUBICTh ~ 3aCTOCYBAaHHSI ~ OCLMJISALIIMHUX MOJYJATOPIB Yy  CKJaial
aHTUOJOKYBaJIbHUX CHUCTEM.

ABTOpPOM po3po0JieHa TOCHIJIOBHICTh PO3PAXYHKY OCIHUJISLIAHOTO
MOJYJISITOpa Ha OCHOBI €KCHEPUMEHTAJIbHO OTPUMAHOTO aBTOPOM 3HAYECHHS
NPUBEIEHOr0 MOAYJISI MPYXKHOCTI AUISHKU TaJIbMIBHOTO TPHUBOIY, sKa Ja€
MOKJIUBICTh BH3HAYUTH OCHOBHI MmapaMmeTpu (miameTp 1 pobouuil XiAg
NJyHXKepa), Mo 3a0e3meuyroTh MiHIMaldbHI MajiorabapuTHI TOKa3HUKH. 3a
HAasiBHOCTI B TaJIbMIBHOMY MPUBOJI1 A0JaTKOBUX Ne()OPMOBAHUX €JIEMEHTIB
(TpyOkm, TradbMiBHI  NUIAHTH,  YHIUJIBHIOOYI  €JIEMEHTH),0YEBHUHO,
3HU3UTbCA NpPUBEACHUNH MOIyJb npyxHocTi. CepeanboapupmMeTHdHe
3HAYCHHS MPUBEICHOTO MOAYJIS MPYXKHOCTI, sIKE MOXKe OyTH MPUHHSITO TIpH
po3paxyHKax MapaMeTpiB  OCIHWJISIINHOTO  MOAYJIATOpPA, JOPIBHIOE
E, ~123-10°Mlla .

3anponNoOHOBAHO KOHCTPYKIIIKO OCIMJIAIIAHOTO MOAYJsATOpa, sKa
3aJJ0BOJIbHSIE BCIM BHMOTaM [0 MOJAYJIATOPIB THCKY aHTHOJIOKYBaJIbHHUX

CHUCTEM, a CaMC:
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e BiH HE MOBHHEH TMEPEHIKO/KATH 3BUYAWHOMY TaJlbMyBaHHIO TIpH
B1aMOBI 1 BigkaroueHul ABC;

e HENOBMHEH 3HW)XYBAaTH HaJIWHICTh T'aJlbMiBHOI CHUCTEMH B I1JIOMY,
JUIsL 4OTO MOT0 HaJIMHICTh MOBUHHA OYyTH SIK MIHIMYyM Ha HOPSI0K
BHUILE HAI1HHOCTI raJibMiBHOI CHCTEMU;

e [OBHHEH 3a0e3NedyyBaTH MOXJIUBICTH MOAYIAIIT THUCKY B yCbOMY
MOKJIMBOMY Jiana3oHi HOro 3MiHH, TOOTO BiJ HYJS A0 Pmax;

® MOJYJSATOpP MOBHUHEH MICTUTH MIHIMYM KOHCTPYKTHBHHX €JIEMCHTIB
1, IK HACIIJOK, MaTH MiHIMaJIbHO MOJJIMBY BapTiCTh.

TpeTs BUMOra 3aJOBOJIBHAETHCS ILIAXOM PO3PaxyHKYy IapaMeTpiB
IUIYHXEPHOT mapu (JiaMeTp IIyHKepa 1 H1oro MakcuMaiabHUM Xi1), a 1HII —
BUOOPOM KOHCTPYKTHMBHUX pimieHb. [Ipu 1boMy cilijg BpaxoByBaTH, IO
3MEHIICHHSI HEOOXI1THOTO 3yCHJUIS €JEKTpOMAarHiTa HIJISXOM 3MEHIICHHS
niaMeTpa IUIyH)XXKepa TPHU3BOAUTH 10 30UIbIMIEHHS HEOOXITHOTO XOay
IUTYH)Kepa 1, sIK HACHiJ0K, A0 301JbIIeHHS HEJNIHIMHOCTI XapaKTePUCTUKHU
enexkTpomartdiTa. OnTumizaiis CIiBBIAHOMICHHS JliaMeTpa MIyHXepa 1 Horo
X0y HE YSABISETHCA MOXIHMBOI YEpe3 BIACYTHICTh JOCTAaTHBO TOYHOI
¢bi13uyHOT Ta MaTeMaTU4HOI MoOJeji ejekTpomarHita. Tomy oauH 13
3a3HAYCHHUX TMapaMeTpiB NMOBUHEH OyTH 3aJaHUil 3a3maleriib, a IpYyTui —
obuncnennii. OCKUTBKH JiaMeTp TMJIYHKEpa CYTTEBO BILTMBAE HA BEIUUYHHY
HEOOX1THOTO 3yCHJUIS eJIEKTpOMarHita, sike, y CBOIO 4Yepry, BHU3Haydae
Macora0apuTHI TOKa3HUKM KOTYIIKH, JiaMeTp CJiJ 3aJaBaTd 3 YMOBHU
oOMexeHHsT 3ycuiuiss  enekTpomarHita. Ilpm  oOMexeHH1  3ycHiis
Beauunao 100 H HaWOuIBm 3pydHUMH 3HAYCHHSMHU MapaMeTpiB
IIyHXepHOT mapu O0yayth d, =35-10°m, h, =125-107 .

Jlnst  3al0BOJIEHHS 4YeTBEpTid 1 Jpyrii BuUMoram HeoOXiIHO
MiHIMI3yBaTH  YHUCJIO HEOOXITHUX  KOHCTPYKTUBHHUX €JIEMEHTIB.
3acToCcyBaHHS CXEMH 3 PO3JIJICHOK MaricTpauiro (po3BaHTaXXEHUM
IUIYHXEPOM) J03BOJISIE YCYHYTH HEOOXIAHICTh 3aCTOCYBAaHHS BIJCIYHOTO

KJamaHa, ockiabku B Takiil cxemi PI'll Biaciwenuit Big ['TL mmynxepom.
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[Ilpy uboMy BHHUKAE 3aBJaHHS 3alOBHEHHS BIJCIYEHOr0 00’eMy
raJibMiBHOIO PIJMHOK TPH NpOoKauyyBaHHI TallbMIBHOI CHCTeMH 1
MOMOBHEHHSI KUIBKOCTI pIAWHH B BiAcideHOMY 00’eMi mo Mipi 3HOCY
GpUKIIHHUX HaKIaJd0K rajJbMiBHOTO MeXxaHI3My. lle 3aBmaHHS MOXe OyTH
BHUPIIIEHO 32 JIOMOMOTOI CHCTEMH KaHaBOK, SKi BUKOHaHI Ha IUIyHXepi 1
YTBOPIOIOTh KaHall, LI0 CHOJy4Yy€ IMOPOXHUHU 1O OOHIBI CTOPOHU
IUIYH)Xepa B HOT0 KpallHbOMY IOJI0XKEHH1 (KOJIM BiH IMOBHICTIO BTOIJICHUHN Y
BTYJKY). IloBHUI X1 ocepAs eNeKTpOMarHiTa NOBHHEH OyTH 3011bIIEHUN
Ha 2 — 3MM B MOPIBHSHHI 3 PO3PaxXyHKOBHUM 3 METOIO YCYHEHHS yJapiB
ocepas 00 sKip 1 3amoOiraHHS ABHUINA IPUIHIAHHSI» OCEPAS 0 SKOpS Y
npoueci Moy,

Jlo mepeBar Takoi KOHCTPYKIIi CIiJ BIJHECTH:

—  MOAYJALIA THUCKY TMOYUHAETHCS NOpU OyAb-sSKOMY 3YCHILIL
€JICKTPOMArHiTy, BiIMIHHOMY BiJ] HYJ, 10 JO3BOJISI€ 3HU3UTU MOTYKHICTh
eJIeKTpOMardiTa, TOOTO 3MEHIIUTH TabapuTH 1 MaTEPialoOMICTKICTh
KOTYIIKH;

— MOJXJIMBI TEPETIKaHHS MO TMJIYyHXEepy He MNPU3BOASTH JO BTpaT
raJibMiBHO1 PIMHU JAJS CUCTEMH B IIJIOMY, IO BUKJIOYAE HEOOXI1THICTH
yUIIIbHEHHS TJyHXepa B OTBOPI;

— HeMae HeoOXITHOCTI B €JeKTPOMArHiTHOMY BIJICIYHOMY KJIamaHi,
OCKIJILKM y OyJb-sKOMY 3piBHOBaXEHOMY CTaH1 rajbMiBHa
MaricTpaiab po3/ijeHa Ha Bl YaCTUHU CAMUM ILIYHXKEPOM.

[Topanpiie cupomeHHs MOiesli BUKOHABYOTO €JIEMEHTa HE YABIIETHCS
MOXJHWBUM, TOMY IO MOJIYJSATOp MJs peaiizaimii 3ampolnOHOBAHOTO
crmoco0y MoAyAAIii ckiIagaeTbcss 3 MIHIMAJIbHO MOJXKJIMBOTO YHCTA
enemMeHTiB. Bapricte kommiekty moayisatopiB ABC 3Huxyetbcs B 7...9
pa3iB MOPIBHSAHO 3 3aCTOCOBYBAaHMMHM MoayisTopamu, a BapTictb ABC B
H1JIOMY CTa€ NPUHHIATHOIO JJIs YCTAaHOBKH Ha aBTOMOO1JI1 0COOJIUBO Majioro
kiacy. JloBegeHa MOXJIHUBICTH 1i 3aCTOCYBaHHSA B SKOCTI BHUKOHABYOTO

CIICMCHTA Yy CKJ'IaI[i AYaJIbHUX aJIalITUBHUX rajJbMIBHHUX CUCTEM.
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ExcrnepuMeHTanbHO OTpUMaHa 3aJ€KHICTh 3HU)KEHHSI TUCKY B pOOOYHX
raJjbMyBaJIbHUX LWIIHAPAX BIJ CKBaXHOCTI KEPYyIOUOro CHUTHaly, IO €
XapaKTEPUCTUKOK  OCUWISIMIHHOIO  MOAYJISITOpa SK JIAHKKM  JIaHIIora
aBTOMAaTUYHOTO pEryJIloBaHHS, siKa 3 JIOCTaTHHOIO TOYHICTIO (MOXMOKa He
nepesuiye 0,67 Mlla, to0tO0 6,7%) anpOKCUMYETHCS MOJIHOMIAIBHOKO
3aJexHICTIO 3-T0 mopsaaky. IIpu mpomy panioHanbHuil (poOoumii) miama3oH
3MIHHU CKBa)KHOCT1 K€pYyI0OUoTo curHanxy BusHadeHo sk 0,25 < C <0,95.
MopentoBaHHST Tpolecy OCHUIANINHOI MOAyJsAlii Ta aadopaTopHi
BUINPOOYBAHHS OCHUJISLIMHOTO MOAYISATOpa MOKa3aju:
— TPUHIUMIOBY MOXJHUBICTh  OCHUISIIAHOI MOAYIAIIT Yy BChOMY
HeoOXiaHOMY Aiana3oHi 3MiHU TUCKY Big 0 nol10MIla;
— Tpane3JdaTHICTh 3ampolOHOBAaHOI KOHCTPYKUII Mojayistopa 1 #Oro
BIIMOBIAHICTH YCIM Mpena'saBieHuM A0 moayusitopy ABC Bumoram.
JocnigkeHHss poOOTH OCHUIISLIMHOTO MOIYJISITOpa y CKIaAl AyalbHOI
aJaliTUBHOT TaJbMIBHOI CHUCTEMH, BHKOHAaHI M[UJISIXOM MOJEJIIOBaHHSA
npolecy rajibMyBaHHS aBTOMOOUIS TNpHU PIZHUX CTaHaX JOPOXHBOI
NOBEpXHI Ta peXUMax pyxy, MOIATBEpAUSH, IO 3aCTOCYBaHHSA
OCHUJISIUIKHOTO MOJYJISATOpa HE MNOTripllye TNOKa3HUKU €(PEKTUBHOCTI

rajibMyBaHH, CTINKOCT1 1 KEPOBAHOCTI MOPIBHAHO 3 BIJIOMHUMH.

KnrovoBi cioBa: aHTH OJIOKyBajJbHA CUCTEMa, AUISHKA T1APaBIIYHOTO
raJibMiBHOTO TIPUBOJAY, OCHUJAIIAHA MOAYJIAIIS THUCKY, CKBaIlHICTh

KCPYIHOUYOIro CUTrHally, AyadJibHa aJdalITUBHA rajbMiBHA CHCTEMA.
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ABSTRACT

Martynets T.V. Expanding the scope of anti-lock system for cars by
simplifying the design of pressure modulators - Qualifying academic work -

manuscript.

The dissertation on competition of a scientific degree of candidate of
technical sciences (PhD) speciality 05.22.02 «Cars and tractors» (13-
mechanical engineering) - National technical university "Kharkiv

polytechnic institute”, Kharkiv, 2017.

More than 35 years experience in operating of vehicles with antilock braking
systems has improved a significant increase in stability and controllability of
vehicles with the continued or even improvement in the braking efficiency. In spite
of it the field of application of anti lock braking system remains limited owing to
the high cost. The value of the pressure modulator is about 75% of the value of
antilock braking systems. It is known that the methods of modulation of the
pressure currently used in the hydraulic brake drive require expensive structural
elements. Comparative analysis of the known methods of modulation of the
pressure in the hydraulic brake drive showed that the only way of
oscillating modulation does not require expensive structural elements
(solenoid valves, booster pumps, stepper motors, etc.) that can reduce the
cost of modulators in its application.

However, the possibility of using this technique is not enough proved and
there is no the calculation of the parameters of oscillating modulators that impede
the use of it in the antilock braking systems.

With the expanding of the field of application of antilock braking
system by reducing the value of the pressure modulator the author has
theoretically and experimentally proved the possibility of using the oscillating

modulation of the pressure in a hydraulic brake drive. There was a
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mathematical modeling performed of the process of oscillatory modulation
in order to confirm its principal possibility, as well as to determine the
nature of the dependence of pressure in the wheel brake cylinder on the
control signal on-off ratio. The character of the dependency of average
pressure in a brake cylinder from the relative pulse duration of the control
signal (monotonicity of dependence and the possibility of pressure reduction
from 10 mega Pascals to 0) confirms the possibility of the use of oscillating
modulators as part of antilock braking systems.

The author has developed the consecution of calculation of oscillating
modulator on the basis of experimentally obtained value of modulus of the
part of a hydraulic brake drive. It provides an opportunity to define the
parameters (diameter and plunger stroke) that provide minimal weight —
dimension factors. If additional deformed elements (tubes, brake fluid
lines, sealing elements) are present in the brake gear, it obviously reduces
the modulus of inelastic buckling. The arithmetic mean value of the
modulus of inelastic buckling, which can be accepted in calculating the
parameters of the oscillatory modulator, equals to as follows:
E, ~123-10°MPa.

There was a design of an oscillatory modulator proposed meeting all
the requirements for pressure modulators of Anti-lock Braking Systems,
namely:

e |t should not interfere with normal braking in case of ABS failure

and shutdown;

e |t should not detract from reliability of the brake system as a whole,
wherefore its reliability should be at least a sequence higher than
the brake system reliability;

e |t should provide the possibility to modulate the pressure over the
entire range of its variation, that is, from zero to Pmax;

e« The modulator should contain a minimum amount of structural

elements and, therefore, have the lowest possible cost.
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The third requirement is satisfied by calculating the parameters of
the plunger and barrel assembly (the plunger diameter and its maximum
travel), while all the other requirements - by choosing appropriate design
solutions. In this case it should be noted that reducing the required
electromagnet strength by means of decreasing the plunger diameter leads
to an increase in the required travel of the plunger and, therefore, to an
increase in the nonlinearity of the electromagnet characteristics.
Optimization of ration of the plunger diameter and its travel does not seem
possible due to the lack of a sufficiently accurate physical and
mathematical model of the electromagnet. Thus, one of these parameters
must be set in advance, while the other - calculated. Since the plunger
diameter significantly affects the magnitude of the required electromagnet
strength, which, in turn, determines the weight and dimensions of the
barrel, the diameter should be set based on the condition of limiting the
electromagnet strength. With a strength limitation of 100 N, the most
convenient values for the parameters of the plunger and barrel assembly
will be, as follows d, =35-10°x, h,=125-10"m
To meet the second and fourth requirements it is necessary to
minimize the number of necessary design elements.The use of a split-trunk
circuit (unloaded plunger) allows to eliminate the need for a shut-off valve,
since in this scheme the RGC is cut off from the GGC by a plunger. In this
case, there arises a task of filling the cut-off volume with a brake fluid
during the bleeding of the brake system, as well as the refilling of the
amount of liquid in the cut off volume as the friction lining of the brake
mechanism wears off.This task can be solved by a system of grooves that
are made in the plunger and forming a channel connecting the cavities on
both sides of the plunger in its extreme position (when it is completely
recessed in the sleeve). A full course of the electromagnet core should be

increased by 2-3 mm compared to the estimate in order to avoid the core’s
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striking against the anchor and prevent the phenomenon of the core’s
"sticking" to the anchor during the modulation.

The advantages of this model include:

- pressure modulation begins with any electromagnet strength,
different from zero, thus reducing the electromagnet’s power, i.e.
reducing the size and material intensity of the coil;

- possible flow through the plunger does not lead to the loss of brake
fluid, eliminating the need to seal the plunger opening;

- there is no need for an electromagnetic shut-off valve as the brake
line is split into two by the plunger itself in any balanced state.
Further simplification of the actuator’s model is not possible because

the modulator used for the implementation of the modulating method
proposed has the smallest possible number of elements. The cost of an
ABS modulator set decreases 7 ... 9 times compared with the applicable
modulators, and the value of the ABS generally becomes acceptable for
installation on vehicles of a very small class.

The dependency of the pressure reduction in brake cylinders from the
relative pulse duration of the control signal has been found experimentally .
It is a characteristic of oscillating modulator as a part of automatic
adjustment and it is fit with sufficient accuracy to a non — linear third — order
(error doesn’t exceed 0,67 mega Pascals or 6,7%). The turndown of the
relative pulse duration of the control signal is 0,25 < C <0,95.

Modeling of oscillating modulation process and laboratory tests of
oscillating modulator showed:

e principle possibility of oscillating modulation in all the required
range of pressure changes from 0 to 10 mega Pascals;

o the efficiency of the proposed design of the modulator and its
compliance with all requirements to the antilock braking system

modulator.
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Research work of oscillating modulator comprising a dual adaptive
brake system, made by modeling the process of deceleration of the vehicle
under different conditions of road surface and driving conditions
confirmed that the application of an oscillating modulator does not degrade

the braking efficiency, stability and controllability with the known.

Key words: antilock braking system, a part of hydraulic break drive,
oscillating modulation of the pressure; the relative pulse duration of the

control signal; the dual adaptive brake system.
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