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VJIK 621.873

ONITUMIZAIISA MAPAMETPIB YHACTOTHOI'O KEPYBAHHA
IIPU 'AJIBMYBAHHI KPAHIB MOCTOBOI'O TUITY

Hexennen O.B., 36iTnes I1.B.

OPTIMIZATION OF PARAMETERS OF FREQUENCY CONTROL
DURING BRAKING OF BRIDGE TYPE CRANES

Nyezhentsev O., Zbitniev P.

Bukonano nowiyx onmumansHux napamempie 4acmomHO20
YNPASNIHHA NPU 2aNbMY6AHHI MOCIMOB020 KPAHA 8AHMANCONI-
otiomnicmio 20/5 m i nporvomom 28,5 m. B sixocmi kpumepiio
onmumizayii nputiHAma y3asarbHeHa QYHKYia 6adxcanocmi,
AKA MICMUMb. 4ac 2a1bMy6aAHHA KPAHA, d MAKOINC MAKCUMA-
JIbHI OUHAMIYHI HABAHMANCEHHS, WO OIOMb HA MEMAlOKOHC-
mpykyito Kkpana i Ha eanmadic. 3Hatideni onmumanvhi napa-
Mempu Yacmomno20 YNpaeuiHHa 00360UNU ZHUSUMU MAKCU-
ManbHI OUHAMIYHI HABAHMANCEHHS HA MEemAaloKOHCMPYKYIIO
Kpaua i 20pusoHmManbHi OUHAMIYHI HABAHMANCEHHA, WO Oi-
10mb Ha 8aHMAdic, 8i0N08ioHo, Ha 48,5% i 35,1% 6 nopisuanui
3 2aNbMYBAHHAM KPAHA 6 pedicumi npomuemuxants. 1lpu yvo-
MY AMAAIMYOa po32ot0yeaHHs BaHMaicy nicia 3ynuHKU Kpana
smeHwunace y 9 pasie (npu 006xcuni niosicy eanmasicy 8 m).
Kniouogi cnosa: mocmosguil kpaw, yacmomue Ynpasiinis, Ou-
HAMIYHI HABAHMANCEHHS, ONMUMI3AYIS

Beryn. Bee Oinble BaHTaXOMIAHOMHHX KpaHiB
BUITYCKAIOTHCSI 3 YaCTOTHO-KEPOBAHUMH EJIEKTPOIIPH-
BOJIaMH, II0 MaloTh Oe3nepeyHi nepeBark B MOPIBHSIHHI
3 TPaAWLIHHUM pPEIEeHHO-KOHTAKTOPHUM YIIPABIiHHIM:
OUTBII MIMPOKUIA Jlialta30H peryJIIoBaHHs 9acToTH o0ep-
TaHHS pOTOpa (B TOMY YHMCII - BUIIE HOMIHAJBHOI); BU-
COKa TOYHICTh 1 IUIABHICTh PETYIIOBAaHHSA IIBHUAKOCTI
MeXaHi3MiB; JKOPCTKI MeXaHi4HI XapaKTepPHUCTHKH, 3Ha-
YHO MEHIII BTPATH €IEKTPOCHEPTii; MOXKIUBICTh BHKO-
pHcTaHHs OLIBII AENIeBUX 1 HaIiHHMX KOPOTKO3aMKHe-
HHUX [IBUTYHIB 3aMiCTh JBHUTYHIB 3 (Da3HHUM pPOTOpOM.
OpHak, MUTaHHS JTUHAMIKH BaHTXKOMIIHOMHHUX KpaHiB
3 YaCTOTHMM YIPAaBIiHHAM (OCOOJIMBO y TallbMiBHUX
peKMMax poOOTH) Ha CHOTOAHIIIHIH JICHb 3aJTUIIAIOTHCS
JIOCUTBH MaJIOI0CIIKEHIMH.

AHaJi3 ocTaHHIX AochaifKeHb i myOmikanii. Po-
6ota [1] mpHcBsYeHa MOMIYKY 3aKOHIB ONTHMAaJIBHOTO
YIpaBIIiHHS MEXaHI3MiB IIepeCyBaHHs BaHTAXOMI IiiiMa-
TBHUX MAIIUH. ABTOpaMH MaTeMaTHYHO OOTIPpYHTOBaHO
croci0 yCYHEHHS KOJHMBAaHb BAaHTaXy IIPH PO3TOHI Ta
CTaJIOMy pyCl KpaHa, a TaKOXX CHHTE30BaHHil pallioHa-
JbHUH CTOCiO yIpaBIiHHS PyXOM KpaHa 3a JJOIOMOTOI0

4acTOTHOTO meperBoproBaya. OnHak, B 1il poOOTI po3-
TJISTHYTO JIMIIE PO3TiH 1 HepeMillleHHs KpaHa, a MUTaHHs

raJbMyBaHHS KpaHa HeE IOCIHiJKyBalocs, He3Ba-
’KalOYM Ha Te, IO PO3TOiyBaHHS BaHTaXy IPU 3yIHH-
i 1 TIO3UIIIOHYBAaHHI KpaHa € OUTBII BaXKIUBUMH, HIK
IIPU HOTO PO3TOHI.

B pobori [2] Bupimena 3agada MiHIMI3aIli cepe-
HBOKB3IPaTUYHOTO 3HAYCHHS 3yCHIUIS, IO JIi€ B TOJIOB-
Hilf 6aJIIi MOCTOBOTO KpaHa, ITpH TepeMillleHHI BAHTaXy
B TOPU3OHTANBHIH TUTOIMIUHI. AJle TaK caMo 5K 1 B TOTTe-
penHiit poOoTi PO3TIITHYTO JIHIIE MPOIIEeC ITyCKy KpaHa.

PobGota [3] mpucBsiueHa MOMIYKY ONTHMAIHHOTO
KEPYBaHHS PyXOM CHUCTEMH «KpaH i3 TPaBEPCHOIO MiJIBi-
CKOIO - BaHTax». OJIHAK, 3HAlIEHNIT 3aKOH Ma€ CyTTEBI
HeONIKK (3HAKO3MIHHUN XapakTep IIBHIKOCTI Ta Ju-
HaMiYHOI CKJIIOBOT IPUBOJHOTO 3YCHIUIS, HaJA3BHYal-
HO BEJIMKA ITOYaTKOBa BEJIMUMHA TUHAMIYHOI CKJIaJ0BOT
MIPUBOJHOTO 3yCWJUISA), SIKI CTaBIJIATH MiJ CYyMHIB MOX-
JMBICTh HOTO peamizarii y 4acTOTHO-KEpOBaHOMY Kpa-
HOBOMY €JIEKTPOTIPHBOII.

VY pobotax [4 - 6] 3pobneHO aHANi3 TaIbMiBHHUX
MPOIIECiB MOCTOBUX KpPaHIiB 3 YaCTOTHO-KEPOBAHUM elre-
KTPOIIPHBOJIOM IEPECYBaHHS Ta BH3HAUYCHO 3aJICKHOCTI
JUHAMIYHUX HAaBaHTaKeHb NPU TalbMyBaHHI KpaHa 3
YaCTOTHUM KEPYBaHHSIM BiJl 3MiHU Takux (haKkTopiB sK
KpPOK 3MIHH YaCTOTH, YaC BUTPUMKH Ha OIHIA 4YacTOTI
Ta IIBUJAKICTh KpaHa, Ha SKiM BIIKIIOYAE€ThCS IBHUTYH i
CHpalnboBy€e KOJ0AKOBe TanbMo. OfHaK, y Iux podoTax
He BUpIlIeH] 3a1a4i onTUMi3allii mpouecy rajJbMyBaHHs
KpaHa 3 YaCTOTHUM KepYBaHHSIM.

Merta cTaTTi — PO3BUTOK METOAMKH ONTHUMi3allii
Ta TOIIYK ONTHMAJIbHUX MapaMeTpiB rajlbMyBaHHS dyac-
TOTHO-KEPOBAHOT'O KpaHa MOCTOBOTO THITY.

Marepianu i pe3yiabTaTu aocaimkeHb. [lomryk
ONITHMAJIBHUX ITapaMeTpiB YaCTOTHOTO KepyBaHHS ejle-
KTPOIPHBOLY IIepecyBaHHS KpaHa 3[IHCHIOBaBCA Ha
MPUKIIazl MOCTOBOro Kpana B/m 20/5 T 3a MeToioM Kpy-
TOTO CXOJKEHHSI [7], 0 MICTHTh HACTYIIHI €Talu:
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1. Buoinennsa ¢gpaxmopis, wjo susHayaroms mexami-
YHy Xapaxkmepucmuxy npusody. B sxocti BapiiioBaHHX
(hakTOpiB OynM 00paHi: KPOK 3MIHM YaCTOTH YaCTOTHO-

h .
ro meperBoproBaya (- 1) Ta yac BUTPUMKHU Ha OJ(Hil va-

cToTi ( T, ).

2. Bubip kpumepiio onmumizayii. IIponec rampmy-
BaHHS KpaHa BCEOIYHO XapaKTEPHU3YETHCS HACTYITHUMH
BEJIMYMHAMHU: MaKCHMAJIGHHMH 3HAuCHHSIMH JHHAMIY-
HHUX HaBaHTA)XCHb HA METAJOKOHCTPYKLIIO KpaHa Py,
TOPU30HTAIBHUMHA AWHAMIYHUMH HaBaHTaKCHHAMH Py,
IO JIiFOTh Ha BaHTaX 1 4acOM TalbMYBaHHS KpaHy t; 3
YaCTOTHMM YIPAaBIiHHAM IPHBOLY IEpeMilleHHs Kpa-
Hy. Jlns BupimeHHs OararonapaMeTpU4HOi ONTHMI3a-
IIAHOT 3a7a4i B SKOCTI y3arajJbHEHOr0 KPUTEPIF0 BHKO-
pucTaHa y3arajbHeHa QyHKIis OakaHOCTI XappiHITOHA
D [7]. Ansa 1 moOynoBU 3Ha4EHHsI MTapaMeTpiB ONTHMi-
3arii Py, P, t. Oynu nepeTBopeHi B 6e3p0o3MipHy IIKary

OakaHOCTI Yy , IO JO3BOJISAE BU3HAYUTH BIIIOBIIHI IM
npusaTHi QyHKUii 6axkanocti d;,d,,d;. Y3aranpHeHa

(dyukist 6axxanocti D sBisie co00F0 cepemHe reoMeTpu-
uHe npuBaTHUX QyHKWiH d;:

D=3/d,d,d; . (1)

min

JIJis OTHOCTOPOHHIX OOMEXCHb BHILY YiZY]

max

(abo y; <yj

npuBaTHi QyHKUIT GaxkaHOCTI d; 3IIACHIOETBCS 33 10~

) mepeTBopeHHs QYHKLIH BIATYKY Y; B

MMOMOTOI0 €KCIIOHEHITIAJIbHOT 3aj1eskHOCTI (puc. 1) [7]:

d; = exp[-exp(-y))], ®)
e
y?:a0j+a1jyj. 3)

Koegiuientn ap; 1 a;; BU3HAYarOTHCS LUIIXOM
3aBJaHHs JBOX 3HA4YCHb KOXKHOI QyHKLII BIATYKY Yj,

BiMOBiTHIM 0a30BMM 3HAYEHHSIM IPUBATHUX (PYHKITiH
Gaxanocti d;. Ilpu wpomy ysaraibHeHa i IpPUBATHI

(hyHKIi1 6akaHOCTI 3MIHIOIOTBCS Bill HYJA IO OJUHHMIIL.

Hyme BimmoBimae abCcoOTHO HENPUHHATHOMY 3HAYCH-

HIO TIapaMeTpa ONTUMI3alliil, a OMUHHII - HalKpamomy.
Jast  ABOCTOPOHHBOTO  OOMEXKEHHS  BUIY

t
tin St St IIEPETBOPEHHS 3HAY€Hb T Yy IIKAly

min = max

J mpoBommTECS 33 KOTOMOT0I0 ByHKIT [7]:

d;=exnf- )" @

Jc

W =

In{in(t/d;)) )
ln‘(z : t’; - (tmax + tmin ))/(tmax - tmin 1 ’
2ty = (tmax + tmin)

y'=—— : (6)

tnax ~ min

3HaueHHsaM O6axanocTi d; = 0,37 mocraBieHi y Bi-
JUIOBIIHICTh HACTYIHI 3HA4YeHHS Yacy TrajbMyBaHHS
KpaHa: tyi, — HAMEHIUMI Yac raJlbMyBaHHS KpaHa, IpH
SIKOMY TTOPYIIYETHCSI KOHTAKT XOA0BHX KOJIC 3 peiKaMu
Ta MOYMHAETHCS PYX 030M, C; tyay - MAKCUMAJIBHUH Yac
rajJbMyBaHHs KpaHa, 110 BU3HAYAETHCS TEXHOJIOTIYHUM
MIPOLIECOM, C; t*T = § ¢ TOCTaBIEHO Y BIAMOBIAHICTh d*l
=0,8.

Ha puc. 1 mpezncrasneni ¢QyHkuii 6axanocti d;,

. *
0e3po3MipHa MKajda y , @ TAKOX LIKAIH IepeBeIeHHS
napameTpiB ontumizauii Py, Py, t. B mpuBatHi QyHKii
6axanocti d;,d,,d; U1 MOCTOBOrO KpaHa BaHTa)Ko-
migiomuicTio 20/5 T.

Toni 1 3a3Ha4EHOTO KpaHa 3a JOIIOMOTOK BHpa-
3iB (2)-(6) oiepKUMO 3aJIeKHOCTI, 110 JAO3BOJISIIOTH IIe-
peTBoproBatu napamerpu onrtumizaiii Py, Pk, t. B mpu-
BaTHi QyHKuii 0axxanocti d;,d,,d;:

d; =exp[ - (|2-t;; —~(10+2)(10-2))*'*];  (7)

d, =exp[—exp(—4,617+0,11P,,)]; (®)
d; =exp[—exp(—4,365+0,174P, )] . 9)
d
1.00 ] d|
AYxe I 234
nobpe T T /
0.80 ‘ ’1
nobpe fl
0.60 ] ! ff
3aJI0BIIIBHO !ri
0.40 !
MoraHo
0.20 i
yxe \
o| morano,’ y'
3 2 N 0 1 2 3
tmin l* tmaw
I + - t it c
2 4 10
' : 1 P, kH
25 8
[ + i P, kH
42 15"

Puc. 1. I'padik ¢pyHkuii 6axxaHocTi

3. Bubip mamemamuynoi mMooeni MOCmMo8o2o Kpa-
Hy. OCKUTBKM TIEPeXiHI MPOIECH BaHTaXOITHOMHIX
KpaHiB 3 JOCTATHHOIO IS TIPAKTHYHUX PO3PaXyHKIB TO-
YHICTIO OMHUCYIOThCS NU(PEPEHIIaTbHAMA PiBHIHHIMA
(10) [8, 9], To onmTHMI3aIif0 MEXaHITHOI XapaKTEPUCTHU-
KU JIEKTPOIPHBOAY MEPECYBAHHS BaHTAXOIIIHOMHOTO
KpaHy B pPEXHMI YaCTOTHO-KEPOBAaHOTO TaJbMyBaHHS
JIOLIJIBHO 3IIMCHIOBATH 3a JOTIOMOIOI0 KOMII'FOTEPHOIO
eKCTIIepUMEHTy Ha MaTeMaTW4Hid Mojeni KpaHy. 3Ha-
YeHHs mapaMmeTpiB ontumiszailii Py, Pk, t, Bu3Hagamucs
3a pe3yJbTaTaMU YHCEIFHOTO IHTErpyBaHHS (METOIOM
Pynre-Kyrra) cucremn HemiHIMHMX IuQepeHIiaTbHuX
piBHsHB (10), 10 ONHCYIOTH IPOLIEC TAIBMYBaHHS MOC-
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TOBOTO KpaHy, MPEICTABICHOI0 TPUMACOBOIO PO3paxy-
HKOBOIO cxemoro (puc. 2) [8, 9]. IIpn upomy maxcuma-
JIbHI 3HAYeHHs 3MIiHHUX Py, Px oOumciroBanmcs -
XOM TIOPIBHSIHHS Ha KOXXHOMY KpPOL iHTEerpyBaHHs Bil-
MOBITHO JIO 1 MiCJIsl 3yITUHKY KpaHa.

m m m
K C M C g
Py P, M K
—— W WA
Cp
xK ﬂ xn! xl'
-] — ————

Puc. 2. TpumacoBa cxemMa MOCTOBOTO KpaHa

my Xy + Cp(Xg-Xy) +

+Cyp(x kX ) = Pr — Pysign(X);

my Xy + Cy(Xy-Xp)- (10)

—Cp(xgxXy)-Cpxgxy) = 0;

mpXp-Cy(Xyxp) =0,
Je my - IPUBEJIeH] JI0 MepeMillieHHs KoJlic Maca obep-
TOBUX YacTHH NPUBOAA 1 YacTHHA MAacH MOCTa; M, -
IpHUBEIEHA 10 CepPeANHHU MPOJbOTY Maca CepemHix yac-
THH MOCTa 1 TIOPOKHBOTO Bi3Ka; M - Maca BaHTAXY;
Cy - KoedillieHT KOPCTKOCTI METaNIOKOHCTPYKIIi Kpa-
Ha B TOPU3OHTANbHIN ItomuHi; Cp - KoedilieHT 3ara-
CaHHS KOJMBAaHb METANTOKOHCTPYKIii; Cjy - TOpH30HTa-
JbHA CKJIAJI0BA HATATY KaHATIB IpU (Xy-Xp)=1; Py -
CHJa CTaTHYHOIO OIOPY IEPECyBaHHIO KpaHa; Xy,
Xy, Xp- OUIIXH, IO MPOXOAATH BiANOBIIHI MacH Bif
HOYaTKy KOOpAWHAT; P - mpUBeneHa 0 XOJOBHUX KOJIC

CHJIa TIPUBOJY B PEKHMI TAIbMYBaHHSI.
[Ipu gacTOoTHOMY yIpaBJiHHI 3BE€HA O XOJOBHX
KOJIiC cHja IPUBOMLY B peXuMi rajgsMyBaHHs Pp (3 ypa-

XYBaHHSIM 3aJIe)KHOCTI MOMEHTY JIBUTYHa M Bijg moToU-
HUX (pa3HOi HanmpyTH CTaTOpa, YaCTOTH 1 KOB3aHHS) BHU-
3HavaeThCs 3a BupasoM [10-12]:

2MK(1+a-sK) u

P = MMl By, D

r s s
—+ " +2a-s,

Sy S

e u, - IepemaTHe YHCIIO MPHBOJA; I - pamiyc Xono-

+ . . . see :
BOro KoOIeca, M; M - koedillieHT KOPHCHOT Aii MeXaHi-

3My IepecyBaHHSA KpaHa (y PYyXOBOMY DPEXHMi 3HaK
«t», y TAIbMIBHUX — 3HaK «-»); M - MOMEHT JBUTYHa,
H-m; M, - KpuT4HMA MOMEHT ABHUryHa, H-M, npu dac-
TOTHOMY YIpaBJIiHHI

‘ % 1 (12)
oo\ fope E U+ P N1+ o)

VS
2

si S - KOB3aHHS i KPUTHUYHEC KOB3aHHS JABUI'YHA,

RV
s, =+t——2 (13)
fl* Xgn
a — KoeiIieHT, 0 BU3HAYAETHCS 32 (POPMYIIOI0
R, -fj
a= —— (14)
'
R 2 fl* + le
U, - moro4He 3Ha4eHHs (ha3HOI HanpyrH, B:
2, 2Ye2 , 2
flepy, £ \/(fl* + Pk Xfl* + Plu) M,
Uy =Uy, > B ™M (15)
plki\f(1+ph< )(1+plp.) "
®(, - CHHXpOHHA IIBUJKICTH ABUTYHA IPU HOMiHAaJb-

Hiif gacroti f,, =50 I'n, pan/c; x,, =X, + X', - IHIYK-
TUBHUH (pa3HUH OIip KOPOTKOTO 3aMUKAHHS IIPH HOMi-
HanpHil yactoti f, =50 I'm (x; u X',- BiANOBiJHO,
IHAYKTUBHUH (ha3HUI omip 0OMOTOK cTaropa i poTopa,
NpHUBeCHUH 10 06MOTKH ctatopa), Om; f. =1, /f, -

. f .
BiHOCHA yacToTa cTpyMy craropa (f; u ¥ - moroune i
HOMiHaJIbHE 3HAYEeHHA 4acTOTU CTPyMy CTaTopa, BiAmo-
BimHO, I'm); R; u R', - aktuBHUiA ¢asHuii onip obmo-
TOK CTaTopa i poTopa, mpuBeleHui 10 0OMOTKH cTaTo-
pa, Om; py =R, /X, u p,, =R, /x,, - BimHoCHi Be-
MHYAHA (X, - IHAYKTHBHUH OIip KOHTYPY HaMarHidy-
BaHHA NpHM HOMiHanpHil wactori f, =50 I, Om);
U,, - HoMiHa/IBHe 3HaueHHs (a3Hoi Hampyrd, B; M, -
MOMEHT CTaTUYHOTO OIOpPY Ha Bally nsuryHa, H-m; M
- HOMiHaJTFHUI MOMEHT Ha Bally ABUTYHA, H-M.

4. Ancopumm nowtyKy ONMUMANLHOI MeEXAHIYHOI
Xapaxmepucmuky KpaHo802o eNeKmponpusooy 6 pe-
JHCUMI  HACMOMHO-Kepoanoz2o eanvmyeanns. Ilpouec
omnTuMi3allii Ha MPUKIaAl MOCTOBOro kpana B/m 20/5 T
BHKOHA€MO METOJIOM KpyToro cxopkeHHs [7]. s mpo-

T0 alpoOKCUMYEMO IIOYaTKOBY JIOKANbHY 00NacTh mpoc-
Topy Dj, noninomom

k
D=b,+ >.b,z,, (16)

m=1

ne D - ouiHka y3araJbHEHOTO KPUTEpIto, IO alpOKCH-
MYETbCSl; Z,, - KOJOBaHI 3HAUEHHS BapiioBaHUX (haKTo-
piB (hg 1 T,); by,b,, - xoedimientu perpecii; k - uuc-
710 (aKTopiB.

VY Tabn. 1 npencraBieHi yMOBH IPOBEAEHHS ITOB-
HOrO (haKTOPHOTO eKCIIepUMEHTY Ty 25, a B Tabum. 2 -
HOTo pe3ynibTaTy.
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Tabmmms 1
PiBHi ¢akTopiB Ta inTepBa/IN BapilOBaHHA

PiBHi (axTopiB Ta iHTEpBaIH Ba- T h
i B¢ 9 T
pilOBaHHS ) )
Kon(zy,) Z Z,
OcHoBHHI piBeHb (Z,, = 0) 0,13 1,2
InTepsan BapitoBaHHs (AZ, ) 0,02 0,2
Bepxniii piBens (z,, =+1) 0,15 1,4
Huxwiif piBens (2, =-1) 0,11 1,0

3a pe3yiabTaTaMd KOMIT'IOTEPHOTO EKCIIEPUMEHTY
po3paxoBaHo KoedimieHTH perpecii 3a popmymoro:

N

bm = Zmi D1 /N N
(2:7mi D) (17)

Lk

m=0,1,. i=1,2,..,N
1 OTpUMaHO PIBHSHHS perpecii, o 3B's3ye y3arajbHe-
HUH KpuTepiil 3 BapilioBaHUMU (hakTOpaMu
D=0,81+0,062z, — 0,072z, . (18)
OCKUTBKH HaMHU TPOBOAMBCA KOMI'IOTEPHHN EKC-
MIEPUMEHT, TO TIEPEBIPKY aIeKBaTHOCTI PiBHAHHS perpe-
cii (18) HeMOXIMBO 3AIMICHUTH 32 TPAAUIIHHAM KpHTe-
piem @imepa, OCKUIBKH TMOMHJIKA TTOBTOPHHUX «IOCITi-
JIB» B KOXHIH TOUIll 1U1aHy (TOOTO MOMUIIKA TIOBTOPHO-
ro OOYMCJICHHS HAa KOMI'IOTEpi) MPAaKTUYHO IOPIBHIOE
HYJIIO 1, OTXKE, TUCTIEPCisl TOCiIIB TAKOX TOPIBHIOE HY-
mt0. ToMy CTYIiHB PO3CiFOBaHHS OIIHOK y3aralbHEHOTO
Kputepito onTumizanii piBHsHHA (18) 1 HacTynHUX piB-
HSHB perpecii omiHroBanacs Koe(illieHTOM Bapialii 3a
hopmymoro

N 2
2(D; -D,)

ge A - gucio KoedilieHTiB piBHSHHS perpecii; o- pi-
BEHb 3Ha4YymIocTi (3a3Buyail npuiiMatots piBHIM 0,05).
PiBHsHHS perpecii BBaKae€ThCS aJCKBATHUM, SIKIIIO
p <a. B naHomy Bunanky xoedilieHT Bapiauii p Bu-
sBuBcsi piBHUM 0,047, 110 CBIAYMTH MPO aJEKBATHICTh
piBHsiHHS (18).

3a Ga3oBuii (GakTop OysI0 NPUHHATO Z, 3 KPOKOM
pyXy y HampsMmky ontumymy h, =-0,05Tn. s dak-
TOopa z, Kpok h,, piBauii 0,0043, po3paxoBaHuii 3a

BUPa30M:
AT
N
2" q (20)
0050062002
-0,072-0,2

Pyx mo ontumymy 3mifiCHIOBaBCS BiJ LEHTPY IUIa-
Hy (OCHOBHOTO PiBH!) IO TOYKaX, KOOPJMHATH SIKUX BHU-
3HAYAJIHCS 32 BUPA3aMH:

h,=12-0,05n; T,=013+0,0043n, n=123...

PesynbraT cepii HOCTIAIB KPYyTOTO CXOJDKEHHS,
110 HaBezeH! B TaOu. 3 moka3aju: 3HaYEeHHS KPUTEPIio
D, orpumane B ueTBepTomy nociifi i pieae 0,910 Buie,
HDK HaWKpamuil pe3ynbTaT B JIOKaJbHINA oOmacti
(0,894).

Ha puc. 3 ta puc. 4 HaBeneHO rpadiky nepexiiHuX
MpoIIeciB MOCTOBOTO KpaHa B/m 20/5 T B pexxuMax, Bif-
MOBi/THO, TATbMYBaHHS IPOTUBMHUKAHHSM €JICKTPOIBH-

T'YHIB (pHC. 3) Ta YaCTOTHO-KEPOBAHOTO rajbMyBaHHS 32
3HAHACHOIO ONTHMAIBHOIO XapaKTEPUCTHKOIO (puc. 4).

Y
p= E Non <a, (19)
Tabmuws 2
IlnaH i pe3yIbTaTH NOBHOT0 (PAKTOPHOT0 EKCHEPHMEHTY
Ne | z zy | Ty,e| hy,Tu | t ¢ | Py,xH | P, xH d, d, d; d D,
1 -1 -1 0,11 1,0 5,62 27,2 16,06 0,994 | 0,822 | 0,811 | 0,872 | 0,851
2 1 -1 0,15 1,0 7,46 22,47 12,23 0,893 | 0,890 | 0,898 | 0,894 | 0,894
3 -1 1 0,11 1,4 4,38 38,4 22,15 0,868 | 0,512 | 0,546 | 0,624 | 0,646
4 1 1 0,15 1,4 5,51 29,2 16,51 0,989 | 0,784 | 0,798 | 0,852 | 0,833
Tabmur 3
Cepist 10cailiB KPYTOro cX01KeHHs
No T,.c h,,Tu traC P, ,xH P ., xH d d, ds D
1 0,130 1,20 5,56 28,15 16,32 0,992 0,805 0,803 0,862
2 0,1343 1,15 5,90 26,2 15,24 1,00 0,838 0,834 0,888
3 0,1386 1,10 6,33 24,5 14,24 0,995 0,865 0,859 0,904
4 0,1429 1,05 6,80 22,9 13,30 0,970 0,885 0,879 0,910
6 0,1472 1,00 7,32 22,4 12,43 0,913 0,891 0,895 0,900
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0 1 2 3 4 5 6 7 te

Puc. 3. I'padiku nporiecy raibMyBaHHS MOCTOBOTO
kpana B/ 20/5 T B pexUMi IPOTHBMUKAHHS

Puc. 4. I'padiku nporecy raipMyBaHHS MOCTOBOI'O KpaHa
B/t 20/5 T B pexKnMi 4aCTOTHO-KEPOBAHOT'O I'aIbMyBaHHSI
32 ONTHMAJIBHOIO XapaKTEPHCTHKOIO

Amnani3 rpadikiB Ha puc. 3 i puc. 4 mokasye, 1o
ONITHMI3allisl MEXaHIYHUX XapaKTepUCTHK IMPHUBOIY IIe-
pecyBaHHS KpaHa 3 YaCTOTHUM KEpYBaHHSIM BHSBHIIACS
Oy)Xe YCIIIIHOK Ta JO3BOJWIA 3HH3UTH MAaKCUMAJIBHY
BEJIMYMHY TOPH30HTAJIBHUX IUHAMIYHUX HaBaHTA)KCHb

. P, .
Ha MCTAJOKOHCTPYKIIIO KpaHa ~ M 1 FOpHU30HTAJIbHUX

IMHAMIYHUX HABaHTAKEHD PK, 0 AifOTH Ha BaHTaX,
BiINOBITHO, Ha 18,7% Ta Ha 18,5% y mopiBHsIHHI 3 OC-
HOBHUM piBHeM (Tabm. 3, nocmin 1).

[opiBHSHHS % OTPUMAHUX PE3YJbTATIB 3 TaIbMy-
BaHHSM KpaHa B PEXUMIi IPOTUBMHKAHHS MOKa3aB 3Me-
HIIIEHHST MAKCUMAJIbHOI BEJIMYMHU TOPU3OHTAIBHUX JIU-
HAMIYHUX HABAaHTAXXCHb HA METAJOKOHCTPYKIiIO KpaHa

P, 1 ropu3oHTaNbHMX JMHAMIYHUX HABAHTaXeHb P,

o JiI0Th Ha BaHTaX, BignmoBimHo Ha 48,5% Ta Ha
35,1%, a aMIutiTya po3roiyBaHHs BaHTaXy IICIHs 3y-
MUHKA KpaHa TPU IbOMY 3MEHIIWIAch y 9 pasiB Ta
CKJIaJyia uire 15 MM Tpy TOBXKHHI MiIBICY BaHTaXy 8 M.

BucnoBkmu. 1. Po3pobnena meroanka onrumizarii
MEXaHIYHUX XapaKTEPUCTUK KPAHOBOTO EJIEKTPOIPUBO-
1y € e(heKTHBHUM IHCTPYMEHTOM IIiJIBUILIEHHS TEXHIKO-
€KOHOMIYHMX MOKa3HHUKIB BaHTKOMIIHOMHHMX KpaHiB i
MOJKE 3aCTOCOBYBATHCS SIK U KPaHIB, IO €KCILIyaTy-
IOTbCS TakK 1 IJI9 MAaIlIMH, AKI 3HaXOAAThCS Ha CTamii
MPOEKTYBaHHSI.

2. IcTOTHO 3HU3WTH IMHAMIYHI HABaHTaXXEHHS 1
MIBUIIATH TPOJYKTHBHICTh BAHTAXOIMIJHOMHUX Kpa-
HiB MOXHA NIIIXOM ONTHMI3allii MEXaHIYHAX XapaKTe-
PHCTHK EIeKTPONPUBOAY IEPEeCyBaHHs 3a y3aralibHe-
HUM KpHUTEpiEM, IO MICTUTh MapaMeTpH IMHAMIYHHUX
HABaHTaXXCHb 1 IPOTyKTHBHOCTI.

3. B pesynbrari ontuMmizarii mapaMeTpiB 4acToT-
HOTO KepyBaHHSI MOCTOBOTO Kpany B/m 20/5 T, Baajiocs
3HU3UTH AMHAMIYHI HABAaHTA)KEHHS HA METAaJOKOHCTPY-
KIIifo KpaHa Ha 35- 48%, a aMIUTITYdy pO3TrOWyBaHHSI
BaHTaXXy MICJIs 3yNIMHKK KpaHa - B 9 pa3iB y NOPIBHSIHHI
3 raJlbMyBaHHSM MIPOTUBMUKAHHSIM.
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He:xennes A.b., 30utHeB IL.B. OnTumusanusa napa-
METPOB YaCTOTHOr0 YNpPaBJeHHs MPH TOPMOMKEHUU Kpa-
HOB MOCTOBOI0 THIIAa

Bvinonnen nouck onmumanvuvix napamempos yacmom-
HO20 YNpasieHus npu mopMO*CeHUU MOCHO0B020 KPAHA 2PY30-
noovemuocmoio 20/5 m u nporemom 28,5 m. B xauecmee
Kpumepus, Oonmumuzayuu npuHama o0odwjeHnas QyHKyus
JHCENAMENLHOCIU, KOMOPASL COOEPIHCUM.: 8PEMST MOPMOICEHUU
KpAaHa, a makdice MAKCUMATbHbIE OUHAMUYECKUe HA2PY3KU,
deticmeyrloujue Ha MemailoKOHCMPYKYUlo KpPaHa u Ha 2pys.
Haiioennvie onmumanvHvle napamempuvl 4acmomnoz0 ynpag-
JIeHUsT NO380UNU CHU3UMb MAKCUMATIbHbIE OUHAMUYECKUE
HA2pY3KU HA MEeMAIIOKOHCMPYKYUIO KpaHa U 20pUu30Hmab-
Hble OUHaMUYecKue Hazpy3Ku, oelicmeywue Ha 2py3, coOm-
eemcmeenno, Ha 48,5% u 35,1% no cpasuenuro ¢ mopmooice-
HUem Kpama 8 pedcume npomugogkuouenus. Ilpu smom am-
nAUmMyoa pacKauueawusi 2py3a Nocie OCMAHOBKU Kpaua
yMeHbuunace 8 9 pas (npu Oaune nooseca epysa 8 m).

Knrouesvie cnosa: mocmosoii kpam, yacmommuoe ynpas-
JleHue, OUHamudecKue Hazpy3Ku, ONMUMU3aAYUsL.

Nyezhentsev O., Zbitniev P. Optimization of parame-
ters of frequency control during braking of bridge type
cranes

A growing number of cranes are available with a fre-
quency-controlled electric drives today, which have undoubted
advantages over the traditional relay-contactor control. But
the dynamics issues of braking modes of frequency-controlled
cranes are still unresolved. So, searching of optimal parame-
ters of braking of frequency-controlled bridge crane carrying
capacity 20 t and a span of 28.5 m was performed. Optimizing
was performed on the nonlinear mathematical model of the
bridge crane, which was submitted as a three-mass design
scheme. Method of steep ascension was applied to this end.
The desirability of a generalized function, which comprising
deceleration time of the crane, maximum dynamic loads aris-
ing in metal construction and on cargo during braking was
adopted as an optimization criterion. The best parameters of
the frequency converter were found. It have allowed to reduce
dynamic loads arising in the metal structure of the crane for
48,5% and dynamic loads arising on cargo decreased for 35,1
%. The amplitude of sway of cargo decreased of nine com-
pared with the braking in the plugging brake mode.

Keywords: bridge crane, frequency control, dynamic
loads, optimization.
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