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AHoTamig. 3 METOI0 MiABMINEHHS HaIIMHOCTI
Ta JOBTOBIYHOCTI POJMKOBOi (pOPMYBaIbHOI yCTa-
HOBKM PO3PaxOBaHO ONTHUMAJIbHUN JUHAMIYHUN
PEXUM 3BOPOTHO-IIOCTYIMAIBHOTO PyXy (opmyBa-
npHOrO Bi3Ka. llpum po3paxyHKy ONTHMaIbHOTO
TUHAMIYHOTO PEXUMY PyXy B SKOCTI KPHUTEPiIO
PEXUMY PYXy BUKOPUCTaHA KpUTEpiajbHa [Iisl, SiKa
SIBIISIE COOOIO0 IHTErpas 3a 4acoM 3 MiTiHTerpaib-
HOIO (DYHKITI€IO, IO BHPaXKa€E «EHEPTII0» MPHUCKO-
penb. Po3paxoBaHo (yHKIIT 3MiHH KiHEMaTHYHHX
XapakTepucTUK (OPMYBAIBHOTO Bi3Ka TPHU HOTO
pyci Bil OTHOTO KPafHBOTO TOJOXEHHS JI0 1HIIO-
ro. [Ipu TakoMy pexumi pyxy mHepeMillleHHS Ta
HIBHJKICTh (OPMYBaIBHOTO Bi3Ka 3MIHIOIOTHCS
IUIaBHO, HE CTBOPIOIOYM 3HAYHMX IUHAMIYHHMX Ha-
BaHTa)XCHb B YCTAHOBII. I3 BpaxyBaHHsIM (pyHKITIH
3MiHHU IIBUAKOCTI (POPMYyBaJIBHOTO Bi3Ka pO3paxo-
BaHO 3aKOH 3MiHM KyTOBOi IIBHJIKOCTI 0OepTaHHS
HOro yKOYyBaJbHHX POJIHMKIB. 3ampornoOHOBAaHO
KOHCTPYKI[II0 POJMKOBOI ()OPMYBAILHOI yCTaHOB-
KH 3 TIPUBOJIOM BiJl BACOKOMOMEHTHOTO KPOKOBOTO
JBUTYHA, 110 BMOHTOBAaHUI B YKOUYBaJIbHI POJTUKH
(hopMyBaIIbHOTO Bi3Ka 1 3a0e3Mevye ONTHMaIbHUI
JUHAMIYHUH  PEXHM  3BOPOTHO-TIOCTYIAJIBHOTO
pyxy dopmyBansHOTO Bi3Ka. [Ipm 3acTocyBanHi B
YCTaHOBILI BKa3aHOTO NPUBOIY MiJBHILYETHCS SIK-
ICTh TOBEpXHI 00pOOIIIOBAHOT OCTOHHOI CyMilli,
3MEHINYIOTHCSl IMHAMIYHI HABaHTaKEHHS B eleMe-
HTax NPUBOJHOTO MEXaHi3My, 3HUKAIOTh 3aiiBi
pYHHIBHI HABaHTa)KEHHS HA PaMHY KOHCTPYKITIIO i,
BIJIMTOBIIHO, MiJBMIIYETHCS HAAIMHICTH Ta JOBrO-
BIYHICTH YCTAHOBKH B LIIJIOMY.

KuirouoBi cioBa: ycraHoBka, (opMmyBanbHUI
Bi30K, PEXXHM PyXy, IPUBO/I, IEPEMIIICHHS, IIBU/I-
KiCTb, IPUCKOPEHHSI, KPOKOBHUH JIBUTYH.
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BCTVII

B ycraHoBKax pOSMKOBOrO (opMyBaHHS
3a11i300eTOHHUX BUPOOIB Mif] 9ac IXHBOI poOOTH
BUHHKAIOTh 3HAYHI JMHAMIYHI HaBaHTAXCHHS B
elleMeHTaxX MPHUBOJHOTO MEXaHI3My Ta B eJeMe-
HTax QopmyBanbHuX Bi3kiB [1-9]. He nuBns-
YHUCh HAa JOCUTh LIUPOKE JOCITIKEHHS TEXHO-
JOTIYHOTO Tmporecy (opMyBaHHS 3aii300e-
TOHHUX BHUPOOIB 0e3BiOpallifHUM POJIMKOBUM
MetosioM [1-5], 1o nux mip He Oyso JociiaxKe-
HO JIMHAMIKy pyxy (OpMyBaJbHOTO Bi3Ka Ta ii
BIIUB Ha mpoliec ¢popMyBaHHs. Mano mpunui-
JSUIOCh yBard 3yCHWIIISIM, IO BUHHUKAIOTh B
€JIeMEHTaxX IMPUBOJHOTO MEXaHI3My Ta (hopmy-
BaJIHOTO Bi3Ka.

B icHyrouMX TEOPETUYHHX Ta EKCIIEPHUMEH-
TAJIBHUX JIOCHIPKEHHSIX MAIIHH POJIMKOBOTO
(opMyBaHHS 3a1i300€TOHHUX BHPOOIB 00TpY-
HTOBAHO I1XHI KOHCTPYKTHMBHI NapameTpu Ta
MpOoayKTUBHICTH [1-5]. Paszom 3 TuM Hemocrta-
THBO yBar# MPUIIJICHO TOCHIIKEHHIO JII0YUM
JUHAMIYHMM HaBaHTAXXEHHSAM Ta pPeXUMaM
pyXy, 110 B 3HauHIA Mipl BIUIMBAaE Ha PoOOTY
YCTAaHOBKHM Ta Ha SKICTb T'OTOBOI MPOJYKIIIi.
[lin yac MOCTIMHMX MYCKOTaJbMIBHUX PEXKH-
MiB pyXy BUHUKAaIOTh 3HauHl JAMHAMI4HI HaBa-
HT2)KEHHS B €JIEMEHTaX NMPUBOJHOTO MEXaHi3-
My Ta B eJIeMeHTax (popMyBaJbHOTO Bi3Ka, 110
MOJKE TPUBECTH JI0 MEPEIIACHOTO BUXOIY yC-
TaHOBKU 3 Jany [6-9]. Tomy akTyanbHOIO €
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3ajjaya yIOCKOHAJIEHHS NPUBOJHOIO MEXaHi3-
MY POJHMKOBOI ()OpMYBaJIbHOI YCTAHOBKH 3 Me-
TOI0 3a0€3IEeUeHHs] TAKOr0 PeXUMY pyxy ¢o-
PMYBAJIBHOTO Bi3Ka, MPHU SIKOMY 3MEHIITYBaIH-
csi 0 MUHAMIYHI HAaBAaHTAKEHHS B EJIEMEHTax
YCTAaHOBKHM Ta IMiJBHUINyBajacs ii JIOBroBiY-
HICTb.

META POBOTHU

MeTta naHoi poOOTH MOJSTae B yJIOCKOHA-
JICHHI KOHCTPYKI[I MHPHUBOJHOTO MEXaHi3My
POJIUKOBOT (hOPMYBAIBHOI YCTAHOBKH JUIS Tif-
BUILIEHHS 11 HAAIWHOCTI Ta JJOBMOBIYHOCTI.

BUKIIAJL OCHOBHOI'O MATEPIAJTY

Kpurepisimu pexuMy pyxy MexaHi3MiB i
MAalIMH MOXYTb OyTH KOe(illi€eHTH HEPIBHOMI-
pHOcTi pyxy Ta muHamiudocTi [10]. B nmamiii
poOOTi B SKOCTI KPUTEPIIO PEKUMY PYXy BH-
KOpUCTaHa KpHUTEpiajbHA Mdis, SIKa SBISE CO-
000 1HTErpaj 3a 4acoM 3 IIIIHTETPaTbHOIO
(GYHKIIEIO, IO BUpa)xka€ Mipy pyxy abo it
cucremu. JlJis ONTUMAILHOTO JTUHAMIYHOTO
PEKUMY pyXy KPHUTEPi ONTUMAIBHOCTI PyXy
MaTHMEMO Y BHTJISIII:

3]
ly = [V dt—min, (1)
0

ae

t —uac;

t; — TpuBaNicTh pyxy Bi3Ka BiJl OJHOIO Kpai-
HBOT'O MOJIOKEHHS /10 1HILIOTO;

V — «eHepris» NPUCKOPEHB!

1 2
V==-m¥X, 2
5 (2)

ae
M — maca ¢popMyBaJIBLHOTO Bi3Ka;
X — NpHUCKOpEHHS.
YMmoBoro MiHiMyMy kputepito (1) € pis-
HaHHA [lyaccona:

ov_dov d®av_,

P A 3
ox dt ox dt? ox ®)
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e
X, X — KOOpAWHATA TEPEeMIIlleHHS Ta IIBHUJI-
KICTh BIIIIOBIIHO.

3 Bupasy (3) MOXKHA 3aMucaTH:

v
ox X ’
oV
—=m-X; 4
oX “)
d? ov v
SN _m-x=0.
dt? ox

3 OCTaHHBOTO pIBHSAHHA (4) OTPUMYEMO
nudepeHIiaibHe PIBHSIHHS Ta HOT0 PO3B’SI3KH:

v
X=0; X=C;; X=C;-t+Cy;
X=%~Cl-t2+c2~t+c3; (5)

x=%.cl-t3+%-cz-t2+c3-t+c4,

ne
C,, C,, C3, C4 — mocriiiHi 1HTErpyBaHH, SIK1
BU3HAYAIOTHCSA 3 KPAHOBUX YMOB.

KpaiioBi yMOBM pyxy Bi3Ka BiJ OJHOTO
KpailHbOr0 MOJOXKEHHS 10 1HIIOr0 HacTYIIHI:
noyatkoBi — t=0, X=X;, X=0; kiHueBi —
t=t, Xx=x%, X=0. Tyt Xy Ta X — KoOpau-
HaTU KpalHIX MOJOXeHb IIeHTpa Mac Bi3ka. [1i-
JICTaBUBIIM KpailoBI YMOBH B pIBHSAHHA (5),
OTPUMAEMO:

t=0: C4:X0; C3:0; (6)

1-Cl-t13+%-C2-t12+xO =X
t=t: 613 (7)

E'C1't12+C2't1:O.

Po3p’sa3aBmm cucremy piBHAHb (7), OTpH-
MyeMo TocTiiiHi inTerpyBanHs C; ta C,:

(% —%o).
C1=—12‘%,

! )
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IligcraBuBIIM BU3HAUYEH] [OCTIMHI 1HTE-
rpyBaHHs (6) Ta (8) B piBHSHHSA (5), OTpHMae-
MO BHpa3d I BHU3HAYCHHS KIHEMATHYHUX
XapaKTepUCTHK (OPMYBAIBHOTO Bi3Ka MpU
HOTo mepeMilIeHH] BiJl OJHOTO KPalHBOTO TO-
JIOKEHHS JIO 1HIIOTO MPH ONTHMAIBHOMY JH-
HaMIYHOMY PEXHMi 3BOPOTHO-TIOCTYIAIBLHOTO

Pyxy-:

¢
X=6 (xl—xo)(l—ti)l,
t
N (9)
X=6 (xl—xo)(l—z lj-i;
4t
1
X :—12 (Xl_XO) —3
1
3aJaBIIMCh  aMIUTITYJ0I0  TEPEMIilCHHS

¢dbopmyBanbHOTO Bizka AX =X, —Xg =0,4m Ta
3arajJlbHUM 4YacoM Horo pyxy Big OJHOIO
KpailHbOro MoJio’keHHs B iHme Y =3¢, Oyio
pPO3paxoBaHO KiHEMATUYHI XapaKTEPUCTHKH
ONTUMAJIBHOIO JUHAMIYHOTO DPEXUMY pyXy
(hOopMyBaIBHOTO Bi3Ka. 3a pe3yibTaTaMu pPO3-
paxyHKiB MoOyaoBaHO Trpadiku 3MIiHM Iepe-
MmimeHHs (puc. 1, a), mBuakocti (puc. 1, 0),
npuckopenHs (puc. 1, B) Ta puBKa (IpuCKO-
pEeHHs Apyroro nopsiaky) (puc. 1, r) mpu pyci
(opMyBaIbHOIO Bi3Ka 3 OJHOTO KpalHBOIO
TIOJIOKEHHSI B 1HIIE TIPU ONTHMAaJIbHOMY JTMHA-
MIYHOMY PEXHUMI PYyXY.

3aKkoH pyXy Bi3Ka, ONMUCAHUN PIBHAHHIMHU
(9), moxe OyTu 31iliCHEHUI TTPUBOJIOM BiJ] BU-
COKOMOMEHTHOTO KpPOKOBOTO JIBHTYHA, IIIO
BMOHTOBaHMI B YKOUYBaJIbHI POJIUKU (hopMy-
BaJIBHOTO Bi3Ka YCTaHOBKU. [Ipu oMy 3aKoH
3MIHH KyTOBOi HIBHJIKOCTI MPHUBOAHOTO KpO-
KOBOTO JIBUTYHA OITUCYETHCS PIBHSHHSIM:

AX t) t
p=6-—-|1—— |-—, 0<t<t,, (10
v R ( tlJ 5 v 0

ae
R — pazaiyc ykodyBaJIbHUX POJIMKIB.
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Fig. 1. Graphs of changes in displacement (a),
speed (b), acceleration (c) and jerk (acceleration
of the second order) (g) at the optimal dynamic
mode of the cart movement
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AHaJNOriYHO BHM3HAYAETHCS 3aKOH 3MIHU
KYTOBOi IMIBUJIKOCTI TPUBOIHOTO KPOKOBOTO
JBUTYHA TIpU pyci (GopMyBaIbHOTO Bi3Ka Yy
3BOPOTHOMY HANPSMKY:

¢__6_&, 1_(t—t1) (t-1)

Yy t?
t,St<2t.

11)

3 MeTO0 3MEHIICHHS JUHAMIYHHUX HaBaH-
TaXCHb B €JIEMEHTaX YCTAaHOBKHU Ta IS Mif-
BHIIICHHS 11 HAQAIHOCTI 3aIIPOIIOHOBAHO KOHC-
TPYKIIIO YCTaHOBKM 3 NPHUBOJAHUM MEXaHi3-
MOM il 3a0e3MeueHHs] ONTUMAIBHOIO JMHA-
MIYHOTO PEXHUMY 3BOPOTHO-TIOCTYHAIIEHOTO
pyxy dopmyBanbHOro Bi3ka (puc. 2). YcraHo-
BKa CKJIAJIAETHCS 3 (OPMYBAIBHOTO Bi3Ka 1,
10 3MOHTOBAHHWK Ha TOpTali 2, 1 3MIHCHIOE
3BOPOTHO-TIOCTYMAIBHUN PYX y HANpPSIMHHX 3
HaJ TOpokHUHOIO (opmu 4. DopmyBambHUN
Bi30K BMIIIYy€ MOJaBAIbHUIA OyHKEp 5 Ta yKO-
4yBaJbH1 POJIHMKH 6 Ha ocl 7.

Puc. 2. PonukoBa hopMyBaibHa yCTaHOBKA
3 IPUBOJIOM BiJf KPOKOBOT'O ABUTYHA

Fig. 2. Roller forming installation driven
by a stepper motor

Bi3ok mnpuBOAUTHCS B 3BOPOTHO-IIOCTY-
NAJIBHUN PyX 3a JOMOMOTOK BHCOKOMOMEHT-
HOI'O KPOKOBOTI'O ABHUI'YHA, SIKUA BMOHTOBAHO B
POJIMKH, PUUOMY BICh POJIMKA BUKOHYE POJIb
craropa, a caM posiik — poropa [11].

[Ipu 3acTocyBaHHI B yCTaHOBII MPUBOIY
Bi,ZI BHCOKOMOMCHTHOT'O KPOKOBOI'O ABHWUI'YHA,
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10 BMOHTOBaHHW B YKOUYBJIbHI POJIMKH, 3a-
KOH 3MiHM KYTOBOI IIBHJKOCTI SKOTO OIHCa-
HUI HaBEJICHWMH BHILE PIBHSHHSIMH, IiJIBH-
HIYETbCS SKICTh MOBEPXHI 00poOItoBaHOi Oe-
TOHHOT CyMIIIli, 3MEHIIYIOThCS JUHAMIYHI Ha-
BaHTKEHHS B €JIEMEHTax MPHUBOIHOTO MeXa-
HI3My, 3HUKAIOTh 3aiiBl PyHHIBHI HaBaHTa-
KEHHSI HAa paMHY KOHCTPYKIIIO i, BiIMOBIIHO,
IIIBUIYETHCS HAMIMHICTh Ta JTOBIOBIYHICTH
YCTQHOBKH B LILJIOMY.

BMUCHOBKU

B pesynbTari mpoBeAEHUX IOCTIIKEHb 3
METOI0 MINBUIIEHHSA HAAIMHOCTI Ta IOBrOBiY-
HOCTI pOJIMKOBOI (HOpMYBaJIbHOI YCTaHOBKHU
PO3paxoBaHO ONTUMAJILHUI JMHAMIYHUI pe-
UM 3BOPOTHO-TIOCTYNAJIBHOTO PYyXy (hopmy-
BaJIbHOTO Bi3ka. Po3paxoBaHo KiHEeMaTH4HI
XapaKTePUCTHKH (OPMYBAILHOTO Bi3Ka NpHU
ONTUMAJILHOMY JHUHAMIYHOMY PEXHUMI1 3BOpO-
THO-TIOCTYHAJIEHOTO PYXY.

3alpONOHOBAHO KOHCTPYKIIIKO POJIMKOBOL
(opMyBaJIbHOI YCTAaHOBKM 3 MPHUBOAOM BiJ
BHCOKOMOMEHTHOI'O KPOKOBOT'O JABHMIYHA, LIO
BMOHTOBAHHI B YKOUYBaJIbHI pONMKU (Hopmy-
BaJIbHOTO Bi3Ka YCTaHOBKU Ul 3a0€3MeYeHHs
ONTUMAIILHOTO JHHAMIYHOTO PEXHUMY 3BOPOT-
HO-TIOCTYTAJIIBHOTO PyXy (OPMYBaIbHOTO Bi3-
Ka.

Pesynbrat poOOTH MOXYTh B MOJAJIBLIO-
My OyTH KOPHUCHHMH JIJIsl YTOYHEHHS Ta YIO-
CKOHAJICHHSl ICHYIOUMX I1H)KEHEpHUX METOJIIB
pO3paxyHKy TMPUBOJHUX MEXaHI3MIB MalluH
POIMKOBOro (hOpMYyBaHHS K Ha CTaAiSAX Mpoe-
KTYBaHHSA/KOHCTPYIOBaHHA, TaK 1 B peXuMax
peasibHO1 ekcrutyaranii. Takox pe3ynbratu
pOOOTH MOXYTh OYTH KOPUCHUMH IPU MPOEK-
TyBaHHI a00 yJIOCKOHAJIEHHI MEXaHI3MIB 13
3BOPOTHO-TIOCTYHAJIBHUM PYXOM BHKOHaBUYHMX
€JIEMEHTIB.
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Abstract. In order to increase the reliability and
durability of the roller forming installation, the
optimal dynamic mode of the reciprocating move-
ment of the forming carriage was calculated.

When calculating the optimal dynamic mode of
motion, the criterion action is used as a criterion
for the motion mode, which is an integral over time
with an integral function expressing the "energy"
of accelerations. The functions of changing the
kinematic characteristics of the forming trolley
during its movement from one extreme position to
another, which correspond to the optimal dynamic
mode of reciprocating movement, were calculated.
With this mode of movement, the movement and
speed of the forming carriage change smoothly,
without creating significant dynamic loads in the
installation, which in turn has a positive effect on
its durability.

Taking into account the functions of changing
the speed of the forming carriage, the law of
changing the angular speed of rotation of its rolling
rollers was calculated. The design of a roller form-
ing unit with a drive from a high-torque stepper
motor, which is mounted in the rolling rollers of a
forming carriage and provides an optimal dynamic
mode of reciprocating movement of the forming
carriage, is proposed.

When using the specified drive in the installa-
tion, the quality of the surface of the processed
concrete mixture increases, dynamic loads in the
elements of the drive mechanism are reduced, un-
necessary destructive loads on the frame structure
disappear and, accordingly, the reliability and du-
rability of the installation as a whole increases.

The results of the work may be useful in the fu-
ture for clarifying and improving the existing engi-
neering methods for calculating the drive mecha-
nisms of roll forming machines both at the de-
sign/construction stages and in real operation
modes. Also, the results of the work can be useful
in the design or improvement of mechanisms with
reciprocating movement of executive elements.

Keywords: installation, forming carriage,
movement mode, drive, movement, speed, acceler-
ation, stepper motor.
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