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Ileapto  paboTHI TEOPETHYECKOE
WCCJICIOBAHUE TMPOIECCOB IIYMOOOpa3OBaHMS,
CO371aBaeMbIX OOIIEH aKKyCTHUYECKOW CHCTEMOM
MOCTOBBIX ~ KPaHOB B  TMPOW3BOJICTBEHHBIX
pabore MIPUBEJICHBI
AHAJIUTUYECKUE 3aBUCUMOCTH YPOBHEH 3ByKOBOTO

SABIIACTCA

IIOMEIICHUIX. B

JaBJICHUA Ha paGOqu MECTax

IIPOU3BOJICTBEHHOIO  IEpCcOHaNa.  BplpaxeHus

OKTaBHBIX  YpPOBHEH  3BYKOBOIO
aKyCTHYECKHE  XapaKTCPUCTUKU
HUCTOYHUKOB CaMUX KpaHOB H
IapaMeTpsl IPOU3BOJCTBEHHOTO ITOMEILECHUS.

[Ipu BbIBOE TEOPETUUECKUX

JaBJICHUS
YUYUTBIBAIOT
OCHOBHBIX

3aBUCUMOCTECH
HUCIIOJIB30BAHBI OCHOBHBLIC METOIbI T€XHH‘-I€CKOﬁ
BUOpOaKyCTHKH.  Pe3ynbTarbl  HCCIEIOBaHUS
SBIISIIOTCS. OCHOBOM Uil BBIOOpa WHIKEHEPHBIX
peuieHnid 1Mo 00eCNEeYeHHI0 CAaHUTAPHBIX HOPM

rymMa B IpOU3BOJACTBCHHBIX ITOMCIICHUAX.

KioueBbie cjioBa: MOCTOBBIC KpaHBI, IIIyM,
BHUOpaIusi, TPOU3BOACTBEHHOE IIOMEIIEHNE

Beenenne. MocToBble  KpaHbl  SIBIISIFOTCS
TUMTUYHBIM 000PYZOBAaHUEM IPOU3BOJICTBEHHBIX
IIEXOB, OTKPBITBIX M 3aKPBITHIX CKIan0B. OHU
MOTYT KPIOK WM  cHaOXaTbCs
rpefipepamu, Tpy30BBIMH  3JIEKTPOMarHUTaMH,

KJIICmamMu, JarnaMu H APYIrUdMH CICHUaJIbHBIMU

HUMETH

rpy303axBaTHBIMH ycTpoicTBamu. Heobxoaumo
OTMETHTb, YTO OOJBIIMHCTBO HCCIEIOBAHUI IO
0€30IIaCHOCTH KPaHOB OTHOCUTCS K H3YYCHHIO

Safety of Technogenic and Natural Systems .. 2017

UDC 628.517.2
DOI 10.23947/2541-9129-2017-2-34-43

NOISE EMISSION PROCESS MODELING
BY OVERHEAD CRANES IN
PRODUCTION AREAS

B. Ch. Meskhi!, V. A. Bondarenko?,
A. N. Chukarin®

'Don State Technical University, Rostov-on-Don, Russian
Federation

23Rostov State Transport University, Rostov-on-Don,
Russian Federation

bva rek@rgups.ru
reception@donstu.ru
OPM@rgups.ru

The aim of this work is a theoretical study of
noise emission processes created by total
acoustic system of overhead cranes in production
areas. The paper provides analytical
dependencies of sound pressure levels at
industrial personnel workplaces. The expressions
of octave sound pressure levels take into account
the acoustic characteristics of the main sources
of the cranes themselves and the parameters of
the production premises.

In the derivation of theoretical dependencies the
main methods of technical vibroacoustics were
used. The results of the study are the basis for
selection of engineering solutions to ensure
sanitary norms of noise in industrial areas.

Keywords: overhead cranes, noise, vibration,
production area

Introduction. Overhead cranes are typical
equipment of production workshops, outdoor
and indoor storages. They may have a hook or be
supplied with grabs, lifting magnets, jaws and
claws and other special gripping devices. It
should be noted that most studies on cranes
safety are the studies of violations of the
conditions of operation, malfunction of technical
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HapyLIEeHUN YCJIOBHUM JKCILTyaTaluM,
HEUCTPAaBHOCTH TEXHUYECKUX YCTPOMUCTB,
yenoBeueckomy dakropy [1-4]. [IlpumeruTenpHO
K  BUOpOaKyCTHMUECKHMMH  XapaKTepUCTHKaM
MOCTOBBIX KpPaHOB BBIMOJHEHBl HCCIEIOBAHUS
CIEKTPOB IIyMa B kaOWHaX Ha pabOYMX MeCcTax
KpaHOBIIUKOB [5—7]. dakTUYECKU HE HU3y4YAIHUCh
AKyCTHUECKHE XapaKTePUCTHKH, CO3/1aBaeMbIe
MOCTOBBIMH KpaHaMH BHYTPH MPOU3BOJCTBEHHBIX
nomerieHnii. K kpanam o00mero Ha3Ha4YeHHS
OTHOCSITCS: KPIOKOBBIE, MarHUTHBIE, TpeiidepHbie
u MarHuTHO-TpeiepHbIE. KprokoBeie
OMHOOAIOYHBbIC KpaHbl (KpaH-OalKM) HMEIOT B
KaueCcTBE TPY30BOM  TEIEKKA CAMOXOJTHYIO
DIIEKTPUYECKYIO  Tallb. OcoOyro  rpymmy
MPEJICTABISIIOT ~ METaJUTyprU4eCKHe  MOCTOBBIC
KpaHbl (B TOM YHUCJIE KPIOKOBBIC U 3aKaJOYHBIE).
['py30m01bEeMHOCTS MOCTOBBIX KPAaHOB JOCTUTAET
5.10° H, npoJietbl 1oxoaat A0 50—60 M, BbicOTa
nmogbema g0 40-50 M H, B CHOCHHANTBHBIX
ucnonHenusx, 10 500 m. CkopocTu IBHXKEHUS
COCTaBISIOT: mepensmkenne mocta — 0,5-3 m/c;
nepensxeHus tenexkn — 0,17-1 m/c; moasem
rpyza 1mo 1 w/c. Kabuna kpaHOBIIMKA
pacmonaraercsi |y Kpas MocCTa, pexe —
nocepeiMHe, a TMpU HEOOXOAUMOCTH TOYHOM
paboThl — Ha Tpy30BOH Tenexke (puc. 1).

Safety of Technogenic and Natural Systems d 2017

devices, human factor [1-4]. In respect to
vibroacoustic characteristics of bridge cranes the
studies of noise spectra in the cabins at crane
operators’ workplaces are conducted [5-7]. In
fact, the acoustic characteristics generated by
overhead cranes inside industrial areas were not
studied. The cranes of general purpose are: hook
cranes, magnetic cranes, clamshell cranes and
magnetic-clamshell cranes. Hook single-beam
cranes (crane-beams) have mobile electric hoist
as trolley. A special group is metallurgical
bridge cranes (including hook and hardening
ones). Overhead cranes capacity reaches 5-10°,
the spans are up to 50-60 m, lifting height is up
to 40-50 m and, in special designs it is up to 500
M. Speed of motion is: the movement of bridge
is 0.5-3 m/s; the movement of trolley is 0.17 - 1
m/s; the lifting of loads is up to 1 m/s. Crane cab
is located at the edge of the bridge, less
commonly — in the middle, and for precise
work - on crab (Fig. 1).
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Puc. 1. Cxema MocTOBOTO KpaHa:

Mt

1— xabuHa, 2 — MyJIbT yIpaBICHUL

Fig. 1. Overhead crane scheme: 1— cabin, 2 — pendant

['py30BBIC TENEKKH ITUX KPAHOB (pUC. 2) UMEIOT
OJIMH WJIM JIBa MEXaHU3Ma MOJbEMa U MEXaHHU3M
nepeIBUKEHUS.

Load trolleys of these cranes (Fig. 2) have one or
two lifting mechanism and travelling
mechanism.
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Puc. 2. Cxema MexaHN3MOB TeNEKEK MOCTOBBIX KpaHOB: 1 — penykTop, 2 —TOpMO3, 3 — JIBUraTelb
MeXaHH3Ma NoJbeMa rpysa, 4 — 0apabaH, 5 — TOpMO3 MeXaHHU3Ma IIepeMeIIeHUs, 6 — IBUTATENIb MEXaHU3Ma
repemMenieHus, 7 — MydTa, 8 — KoyecHas mapa, 9 — JO0MOTHUTEIBHAS 0TI0pa )KECTKOCTH

Fig. 2. Diagram of overhead cranes trolley mechanism: 1 — reduction gear box, 2 —brake, 3 — lifting
mechanism motor, 4 — drum, 5 — travelling mechanism brake, 6 — travelling mechanism motor, 7 — coupling,
8 — wheel pair 9 — additional stiffness support

K MeTammypru4eckuM MOCTOBBIM —KpaHam Metallurgical overhead cranes are charging

OTHOCSTCS MYJIb/I0-MarHUTHBIC, MYJIbJ10- box-magnet cranes, turnaround charging cranes,
3aBaJlOYHbIC, JIMTEHHBIE, I  pa3JeiblBaHUsA pouring cranes, ingot-stripping cranes, pit
CIINTKOB,  KOJIOALEBBIE, C  YIPAaBIAEMbIMU cranes, block cranes with controlled claws, forge

KJIEIaMM, MOCago4yHble, ¢ JallaMd, KOBOYHEIE U
3aKajgoyHble. Mysba0-MarHUTHBIE KPaHbl UMEIOT
TENCKKY C ABYMS TOABEMHBIMH JIeOCAKAMU ISt

and hardening cranes. Charging box-magnet
cranes have a trolley with two lifting winches for
a charging-box holder and a magnet.

Turnaround charging cranes have a trolley
with carrier arm with charging box on the
column and a support hook trolley. The main

MYJIbIOBOTO 3aXBaTa M JUIsl MarHUTA.
Myb10-3aBajIOYHBIE KPaHbl UMEIOT TJIaBHYIO
TEJIEKKY C TIOJBECOM X000Ta ¢ MyNbJIOW Ha

KOJIOHHE u BCIIOMOT'aTCIIbHYIO KPIOKOBYIO . .
trolley of the crane consists of two main parts —
TCIICKKY. I'maBHas Tenexka KpaHa COCTOUT H3 . . .
. . . upper and lower. There is traveling mechanism,
JABYX OCHOBHBIX YaCTC€W — BCPXHCU W HUKHCH.

mechanism for rotation and columns lifting on
the frame of the upper part of the trolley. The
lower part of the trolley consists of a column, on
the bottom of which the control cab is fixed and
the frame of the arm with a mechanism for
rotation and arm swinging is suspended, and a
charging-box locking mechanism.

Pouring cranes (pouring and casting) have a
main and a support trolley.

Ha pame BepxHel 4acTH TEJNEXKKU PaCIOIOKEHBI
MEXaHU3M IEPEIBHKCHMS, BPAIICHHUS U MOJbeMa
KOJIOHHBI. HIKHSISI 4acTh TENEXKH COCTOUT W3
KOJIOHHBI, HA HUYKHEN 4aCTU KOTOPOU 3aKperuieHa
KaOMHa YIpaBJCHUS U MOJBEIICHA pama X000Ta C
MEXaHH3MOM BpalIeHUS M KadaHus Xo000Ta, u
MEXaHU3Ma 3aMbIKAHUS MYJIbJIbI.

Jluteiinbie KpaHbl

HUMCIOT

(3aTMBOYHBIC "

pa3IUBOYHBIC) TJIaBHYIO u

BCIIOMOTaTENbHYIO TEJIEKKH.

['py30moabeMHOCTh TJIABHOTO MOABEMAa KpaHa
OMPEIEISETC BECOM CTaJIEpa3IMBOYHOrO KOBIIIA,
HaIOJIHEHHOTO METaJUIOM, a BCIOMOTaTEeIbHOTO

Lifting capacity of the principal load lifting
of the crane is determined by weighing the steel-
pouring ladle, filled with metal, and of the
auxiliary load lifting — the weight of empty

http://bps-journal.ru/ 36




S

MoJbeMa — BECOM MOPOKHETO KOBIIA.

Tenexka KpaHa Mg pa3/AeBaHUS CIUTKOB
COCTOMT U3 PaMbl, YCTAHOBJICHHON Ha OalaHCUPbI
XOJIOBBIX Ha pame cMoHTHpOBaHBI
MEXaHHM3MBbl TJIABHOTO TOJIbEMa, YIPaBICHUS

KoOJIcC.

KJIeLIEH, MPUBOJ MEXaHM3Ma BBITAIKUBAHUS U
MEXaHU3M MePEMEILCHHUS.
Komonaiesrie

(kyemeBbIe) UMEIOT

BEPTHUKAJIbHBIM KJIENIEBOM 3aXBaT, MPU IOMOILIU

KpaHbI

KOTOpPOT'0 3aXBaThIBAIOTCS M TPAHCIOPTUPYIOTCS
CIIMTKH.

Kpansl ¢ manamu UMEIOT Ipy30BYIO TPaBEPCY C
YOPaBISIEMBIMH  (OTKJIOHSIOIIUMHKCS) JlallaMud |
4acTo C TPY30BBIMH 3JIEKTPOMATrHUTAMH.

Kpanel ¢ ympaBiseMbpIMH — KJEIIAMU IS
(mo  900°C)
XOJIOAHBIX CIIMTKOB MMEIOT TENEeXKYy (puc. 3) ¢
MMOBOPOTHOM BEpPXHEHW YacThlO, Ha KOTOPOU

CMOHTHUPOBAHEI nmoabEMa

TPAHCIIOPTUPOBKU  TOPSUUX u

MEXaHU3MBbI n

YIIPABJICHUS KJICLIAMHU.

afety of Technogenic and Natural Systems

bucket.

Ingot-stripping crane trolley consists of a
frame mounted on balance-beams of running
wheels. On the frame are mounted the
mechanisms of the principal load lifting, jaws
control, pullback mechanism drive and traveling
mechanism.

Pit cranes have a vertical grip, with the help
of which ingots are picked up and transported.

Claw cranes have a lifting beam with
controlled (swinging) claws and often with
lifting electromagnets.

Cranes with controlled jaws for transporting
hot (up to 900°C) and cold ingots have a trolley
(Fig. 3) with a revolving upper structure, on
which mechanism for lifting and jaws control is
situated.
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Puc. 3. Cxema PACTOJIOKCHUA MCXAaHN3MOB Ha TCJICIKKE KpaHAC YIPABIIKICMBbIMH KJICIIIaAMU

Fig. 3. The scheme of mechanisms on trolley of crane with controlled jaws
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KoBouHbIe KpaHBl HUMEIOT JBE TENSKKH —
[JIaBHYIO, C  PACIOJIOKEHHBIM  Ha  KpIOKE
KaHTOBaTeJIeM JUii  [OBOpOTa  IOKOBKH, U
BCIIOMOTaTENIbHYI0 — KPIOKOBYIO (pHC. 3).

3akaJloyHble KpaHbl OTIIMYAIOTCS OT HOPMAJIbHBIX
KPIOKOBBIX KPaHOB OCOOBIM MEXaHM3MOM MOIbEMA,
MO3BOJISIIOIMM ~ OCYLIECTBIIATh 3HAYMTEIBHYIO U
PaBHOMEpPHYIO CKOPOCTH citycka (B 6—10 pa3 6omblie
CKOPOCTH TIOJIbE€Ma), OJMHAKOBYIO JUIS TPY30B
pasHoro Beca.

Hecmotpst Ha Gosnblioe pasHOOOpaswe THUIIOB
KOHCTPYKIIMH BBIIICONMMCAHHBIX KPAaHOB, OIIEHKA
CO3/1aBaEMbIX MMM aKYCTHUECKHX XapaKTEpPHUCTHUK B
NPOM3BOJICTBEHHBIX IIOMEIICHUAX MOXET ObITh
BBITIOJTHEHA C SAMHBIX O3ULINH.

Ananmus
BBIJICITUTH

KOMITIOHOBOK KpaHOB IIO3BOJIACT

dbopmMupyrorre
AKyCTUYECKHE XapaKTepUCTHUKH B KaOWHAX Ha

HCTOYHUKHU myma,

pabourx MecTax KpaHOBIIMKOB. Bce HCTOUHMKM
MO’KHO Pa3/IeJMTh Ha 3 TPYIIIbI.

I. BHyTpeHHHE WCTOYHUKA — HCTOYHUKH,
pacloNoKeHHbIE BHYTPU KaOWH 1 U3ITy4alolHe 3BYK
B 3aMKHYTO€ NpocTpaHcTBO. K 3TUM HcTOUHMKaM
OTHOCSITCSI BEHTWISATOPbl M KOHAWIMOHEPBL. OTH
VCTOYHUKH MPUCYILU BCEM THUIIAM KPAHOB.

2. BHelmHuEe MCTOYHMKM BO3AYyIIHOro myma. K
JIBUTATEIM U PEIYKTOPBI
MEXaHU3MOB I10/TbeMa 1 TIepeMEILIeHNS TPAKTHYECKU
BCEX THUIOB KpaHOB, a TakkKe NIIyMOBOH (oOH B
MPOU3BOJICTBEHHBIX MOMEIIEHHUSX OT PabOTAIOIIEro

HHUM OTHOCATCH:

000py/IOBaHUSI U 3BYKOBOE H3IIyYE€HHE PEIbC MPHU
JBIDKCHUM KpaHa. OTH HCTOYHHKH Haubosee
XapaKTePHBI JUIT MOCTOBBIX KpaHOB. KaOWHBI 3THX
KPaHOB HAXOAATCS B HEMOCPEACTBEHHOM OJIM30CTH
OT MEXaHW3MOB IOJbeMa, TIEPEMEILICHUS U PEJIbCOB,
10 KOTOPBIM [EPEMEIIAIOTCS MOCTOBBIE KPaHBI.
HcToyHMKOM ~BHEIIHEro BO3YIIHOIO —IIymMa
SIBJSIETCS] TAKKE€ M IITYMOBOM (DOH. DTH MCTOYHUKU
SBJIAIOTCS ~ JOMUHHUPYIOIIMMU sl OarlleHHbIX
KpPaHOB, y KOTOPbIX Ka0WHA pACIOJIOKEHA Ha
JIOCTATOYHO OOJIBIIOM PACCTOSIHUM OT MEXaHU3MOB
HepeMEIICHHUS U IOIbeMa.
3. Hcrounnkn CTPYKTYPHOT'O 1Iyma,
BO30YKIAIOIINE BUOpAIMU DJIEMEHTOB KaOWH TIpH
JBIDKEHUH. OTH HWCTOYHHMKU XapakTepHbl JUIs

MOCTOBBIX KpPaHOB.

Safety of Technogenic and Natural Systems . 2017

Forge cranes have two trolleys — the main one,
with the located on the hook tipping device to rotate
forgings and the support trolley — the hook one (Fig.
3).

Hardening cranes are different from normal
hook ones by a special lifting mechanism
permitting substantial and uniform descent speed
(6-10 times greater than the speed of lifting); it is
the same for loads of different weights.

Despite the large variety of types and designs
of the above-described cranes, the assessment of
produced by them acoustic characteristics in
production areas is quite the same.

The analysis of cranes configurations makes
it possible to identify sound sources that form
the acoustic characteristics in the cabins at crane
operators’ workplaces. All sources can be
divided into 3 groups.

1. Internal sources — sources located inside
the cabin and emitting sound in an enclosed
space. These include fans and air conditioners.
These sources are common to all types of cranes.

2. External sources of air noise. These
include: motors and reducers of mechanisms of
lifting and moving of almost all types of cranes,
as well as background noise in industrial
environments from operating equipment and
sound radiation of the rail when moving the
crane. These sources are most typical for
overhead cranes. The cabins of these cranes are
situated in close vicinity to mechanisms of
lifting, traveling and rails, which move overhead
cranes.

The background noise is also the source of
external airborne noise. These sources are
dominant for tower cranes, in which the cabin is
located far enough away from the mechanisms of
movement and lifting.

3. Sources of structural noise, causing
vibration of elements of the cabin in motion.
These sources are typical for overhead cranes.

http://bps-journal.ru/ I 38
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Crnenyer oTMeTHTh, 4YTO UIyMOBOW (OH B
IPOM3BOJCTBEHHBIX ~ IOMENICHUSX,  IIIyMOBBIC
XapaKTePUCTHKH JIBUTATEINICH W PELYKTOPOB CIIELyeT
OTHECTH K CIIy4ailHbIM BEJIMYMHAM, HMEIOIM
3HAYUTEIHHYIO BEIIMYUHY JICTIEPCHN.
TeopeTnueckast OIEHKa CHEKTPOB IIIyMa TaKHX
MCTOYHHMKOB NPAKTHYECKH HEBO3MOXHA B YCIIOBHSIX
npenpusTUii-IoTpeduTenel kpaHoB. B aTrom ciryyae
JUTSL aKyCTUYECKUX PacyeToB KaOMH Ierecoo0pazHo
WCTIOJIb30BaTh MAaKCHMAaJIbHBIE OKTAaBHBIC YPOBHHU
3BYKOBOTO JIaBJICHUS, TIOJMy4EHHBICE Ha OCHOBE
CTaTHCTUYECKHX TAHHBIX.

Hcxons n3 aHam3a KOMIIOHOBOK KPaHOB MOYKHO
NPENOJIOKUTh, YTO HWCTOYHHKAMM HMX [IymMa
SIBJIIIOTCSL PEIbCBI, Y3JIbl KOJIECHBIX Tap, TENEeKKa,
PEIYKTOpPbI MEXaHU3MOB IMMOABEMA U TIEPEMEIIICHHSI.
o0pazom,
BHOPOAKYCTHUYECKON JMHAMUKHA TaMMbl MOCTOBBIX

Taxum MOZEIIMPOBAHNE

KpaHOB MOXET OBITh BBIIOJHEHO C EIUHBIX
TIO3UIINH.

3BYKOBasi DHEPIrus aKyCTHYECKOW CHUCTEMBbI
MOCTOBOTO KpaHa U3JIydyaeTcsi BO BHYTPEHHHUI
BO3/1yLLHBII o0BeM MPOU3BOJICTBEHHOI'O
MOMEIIIECHUSL.

B sToM cnyuae ypoBHM 3BYKOBOTO JaBJICHHS
OIPEICISIIOTCS H3BECTHON (bopMynoﬁ (1) [8-9].

LP—LW+1Olg(—+ ) (1)

— YPOBHH 3BYKOBOTO AaBieHus, Ab; Ly,

Bl'lOM
rae Lp,
— YPOBHHM 3BYKOBOM MOIIHOCTH, H3Iy4aeMOu
UCTOYHHMKOM, nAb; 7 — paccrosHue MExXIy
AKyCTUYECKHM IIEHTPOM MCTOYHUKA M PacueTHOM

2

TOYKOW, M; By — NOCTOSIHHASI TOMELIEHHUS], M~

C yueroM OCOOEHHOCTEH  paCIOJIOKEHHUS

MOCTOBBIX KpaHOB B IMPOU3BOACTBCHHBIX

MOMEIICHUAX 3aBHUCHUMOCTh (1) mpuBeaeHa K

CIIeIyIOIIEeMY BUAY:
f

Lp, = Ly, +101g (015 ) +6, (1)

i i

rjae 6{ — cpeaHee 3HadyeHHe Kod(duImeHTa

3BYKOIIOIJIOICHUSA MMPOU3BOACTBCHHOI'O

MTOMEIICHUS; aif u S; — kodpdurnmeHt

IUTOIIAb, M?,

3BYKOIIOTJIOIICHU A n
COOTBCTCTBYIOILICTO YYAaCTKa HNPOU3BOJCTBCHHOT'O

IIOMCIICHHA.

Safety of Technogenic and Natural Systems . 2017

It should be noted that background noise in
industrial environments, noise characteristics of
engines and reduction gear boxes should be
attributed to random variables having significant
variance. Theoretical evaluation of the noise
spectra of such sources is practically impossible
in the conditions of the consumer. In this case,
for the acoustic calculations of the cabins it is
advisable to wuse maximum octave sound
pressure levels obtained on the basis of statistical
data.

Based on the analysis of cranes
configurations it is possible to assume that
sources of noise are rails, wheel sets, trolleys,
lifting and traveling mechanisms reduction gear
boxes. Thus, modeling the vibroacoustic
dynamics of overhead cranes can be made alike.

Sound energy of the acoustic system of an
overhead crane is emitted to the internal air
volume of the production premises.

In this case, the sound pressure levels are
determined by the known formula (1) [8-9].

Lp, —LW+10lg(—+ ) (1)

where Lp — sound pressure levels, dB; Ly, —
sound power levels emitted by the source, dB; r
— the distance between the acoustic center of
the source and the calculation point, m; B,,,—
premises constant, m?.

Having taken into account the place of
overhead cranes in industrial premises the
dependence (1) is given by the following form:

—a!
] >+6 (2)

BHOM

Lp, = Ly, +101g <°15 +

where c‘rif is the average value of absorption

coefficient of the production premises; al.f and S;
- the absorption coefficient and the area, m?, of
the area of the production premises.

http://bps-journal.
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KoMIioHOBKa M TreoMeTpu4ecKHe pa3Mephl

OCHOBHBIX  JJIEMEHTOB  MOCTOBBIX  KpaHOB
OTIpEeIeIIAIOT BBIOOP MOJEel NCTOYHUKOB IIymMa
U CBOJIAT UX K CIICAYIOIINM.

Jnst penbca, OCU KOJECHOM Mapbl, 3JIEMEHTOB
paMbl  TEJIEKKH, KakK

HUCTOYHHUKOB mryma,

1eJIeco00pa3Ho HCTI0JIb30BAaTh JIMHEWHBIN
HMCTOYHUK. YPOBHHM 3BYKOBOM MOIIHOCTH 3THX
HUCTOYHUKOB OTIPEACTISIOTCS CIIETYIOIIUMU
3aBHCHUMOCTSIMU:

Penbchl ¥ 37€MEHTHI paMbl MOCTOBOTO KpaHa
3):

— nipu 0,02fch,cosf < 1:
Lw, = 20lgf, + 101gBh, Vi S, - cosP + 106; (3)

— npu 0,02, h,cosp = 1.
Ly, = 10lgBVyS, + 5lgfichycosp + 135. (3.1)
rae 3 — yroa u3dydeHus; fr — COOCTBEHHBIC
4acTOThl KoneOaHud ucrodnuka, ['u; h, —
BBICOTA pelibca WU 3JEMEHTa paMbl MOCTOBOTO
KpaHa, M; V}, — coOCcTBeHHas yacToTa KojieOaHu
MCTOYHHKA, M/C; S, — IUIOIAab MOBEPXHOCTH
UCTOYHUKA, M/C; B — QyHKUUs, yuuThIBaroUas
pacnpenerneHne CKOpocTH KoeOaHUil MCTOYHUKA
0 €ro TMOBEPXHOCTH, KOTOpas IO JaHHBIM

pab6otsl [10] mpuBeaeHa K BUY:
B = f; Vi (2)e 1002/ k% Bz,
Ocwu komnecHo# mapsl (4):
—upu 0,021, [y < 1:
Ly, = 20lgfi [, + 10lgBV)lcosB + 120; (5)
—npu 0,021, [y = 1:

+10lgBV,lcosf + 144; (4.2
rae [, — aumaMeTp ocu KoJieca, M.
Koneca (5):

Ly, =20lgV, +101g(0,5[; + h) k + 174; (7)
rae [y — nmamerp koseca, M; h, — TONIIUHA
oboma komeca, M; k — kodpdummenrt,
OTIPEICTIS IO COOCTBEHHYIO 4acTOTy
KoJIeOaHHS.

CoOcTBEeHHBIE YaCTOTHI KOJIEOaHMI pesbca, Kak

JKE€CTKO3alleMIJICHHOU CTalIbHOU JeTalu,

ONpCACIIAOTCA CICAYIOIINUM BbBIPAXKCHUCM!
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The arrangement and dimensions of the main
elements of overhead cranes determine the
choice of models of noise sources and restrict
them to the following.

For rail, the axis of the wheel set, trolley
frame elements, as sources of noise, it is
advisable to use a linear source. Sound power
levels of these sources are determined by the
following dependencies:

Rails and parts of the overhead crane frame
(3):

—at 0,02fxhycosp < 1:

Ly, = 20lgfi + 10lgBhy VS - cosp + 106; C))

—at 0,02fxh,cosp = 1:
pr = 10lgBV}S, + 5lg fih,cosp + 135. (3.1)
where B is the angle of radiation; f,— natural
frequencies of the source, Hz; h,is the height of
the rail or frame element of the overhead crane,
m; V,— natural frequency of the source
fluctuations, m/s; S,— the surface area of the
source, m/s; B — the function that takes into
account the distribution of fluctuations speed of
the source over its surface, which according to
the work [10] is reduced to the form:

B= [ Vi(2)e %/ Bdz.

The axis of the wheel pair (4):

—at 0,02f, [l < 1:

Ly, = 20lgfi /[ + 10lgBV;lcosp + 120 (6)
—at 0,02f,/Jlp = 1:
Ly, = 5lgfyx + 15lg/, +

+10lgBVylcosf + 144;
Where ][I, — axis diameter of the wheel, m.

The wheels (5):
Ly, = 20lgV, + 10 lg(0,50; + hy) k + 174;(8)
where I, — wheel diameter, m; h;, — thickness
of rim, m; k — coefficient that determines
natural frequency of oscillation.

The natural frequencies of the rail, as hard
clamped steel detail, are determined by the
following expression

(4.1)
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2
fe=625(57) 5 ©)
rje l; — paccTosiHie MEXy TOYKaMH KPETUICHUS
pemsca, M; Y u F — moMmeHT mHepuuu, M* u
IJIOIIA/b TIONEPEUYHOr0 CEUEHUs pelbea, M2.
CoOcTBeHHEBIE Koiebauuii  ocu

KoJieca Kak OalKu KpYIJIOro CEYEeHHs Ha JBYX

YaCTOTHI

OTIOpax OMPEACTSIOTCS KaK:

2
fe=625(%) Mo
(10)
C y4eroM 3THX BBIPAKECHUH, 3aBUCUMOCTH
YpOBHEN 3BYKOBOM MOIITHOCTH MPUMYT BHI:
— nByx penbc npu 0,02f,hy, < 1.

I
+10lg =+
I, IF

+10lgBh,VS,cosp + 173 (8)

2
Ly, = 40lg

— nByx penbc npu 0,02f,hy, = 1.

2 I
L, = 10lg + 2,51gf + 5lghycosp +
1

+10lgBV}S,cosp + 156;
(13)
— nBYX oceit konecHbIX map mpu 0,02, [, < 1:
Ly, = 40lgk[l, — 30lgl +

+10lgBV,cosf3 + 183, (15)
— JIByX OCEHd KOJIECHOM mapbl TpU MpH
0,02f [ = 1:
Ly, = 40lg§+ 20lgL, +
+ 10lgBVj.cosp3 + 161; a7

— UCTBIPECX KOJICC TCJIIC)KKHU KpaHa:

Ly, = 20lgV, +101g(0,5[; + ;) k + 180. (12)

pacuer  ypoBHEH
HUCTOYHUKOB u,

BriBoapl. daxTuueckuiut

3BYKOBOM MOIITHOCTH
COOTBETCTBEHHO, YPOBHEW 3BYKOBOTO JaBJICHUS
MOCTOBOT'O

MOMEIIEHUU CBOAUTCS K OIPENEIECHUI0 CKOPOCTEH

KpaHa B  IIPOU3BOJICTBEHHOM

KOHGGaHHﬁ OTOCIIBHBIX HUCTOYHHUKOB Ha HUX
COOCTBEHHBIX YacTOTaxX KoJieOaHWH, T.e. CTIEKTpa
BUOpaIuii OTACIbHBIX UCTOYHUKOB. [lomydeHHbIe
3aBUCUMOCTH SIBJISFOTCSI OCHOBOW [IJIT BBIOOpa
WH)KEHEPHBIX  PEIICHUH 10  OOCCIICUCHHIO
CaHUTApHBIX HOPM IIyMa B IIPOHU3BOJCTBEHHBIX
MOMEIIEHUSIX, KOTOPhIE BKIIIOYAIOT KaK CHIDKEHUE

3ByKOBOI>'I MOIIHOCTH CaMHX HCTOYHHMKOB, TaK H
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fk=625(ﬂ)2 g,

L

(11)
where [;,— the distance between the points of
rail securing, m; Y and F = the moment of
inertia, m* and the cross-sectional area of the
rail, m?.

The natural frequencies of the wheel axle as a
beam of circular cross-section on two supports
are defined as:

2
fi=625(7) Ao.
(12)
Based on these expressions, the dependence
of sound power levels will take the form of:
— two rail at 0,02f,h,, < 1:

2k — I
L, = 40l 10lg =
Wp g l1 + g F +
+10lgBh,V S,cosp + 173 (8)

— two rail at 0,02f,h,, = 1:

2k — I
L, =10lg + Z'SIQF + 5lghy,cosp +
1
+10lgBVyS,cosp + 156;
(14)

— two axes of wheel pairs at 0,02f, [, < 1:
Ly, = 40lgkll, — 30lgl +
+10lgBV,cosf3 + 183; (16)
— two axes of a wheel pairat 0,02, /], = 1
k
Ly, = 401g7 + 20lg/l, +

+ 10lgBV.cosp + 161; (18)

— four wheels of crane trolley:

Ly, = 20lgV, + 101g(0,5[, + k) k + 180. (12)

Conclusions. The actual calculation of sound
power levels of sources and therefore the sound
pressure levels of overhead crane in production
premises is reduced to the determination of
vibration velocity of individual sources on their
natural frequencies, i.e. the spectrum of
vibrations of the individual sources. The
obtained dependences are the basis for selection
of engineering solutions to ensure sanitary norms
of noise in industrial premises, which include
reduction of sound power of the sources
themselves, as well as the choice of sound-
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BBIOOp 3BYKOIOIJIOUIAIOIIMX MAaTepHajoB CTEH
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