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TEPMHHBL, OINPEAENTEHHA M KJAACCHOHEATIHA

Yacre 4
PacaeTukie NAPAMETPE] H WX 003039 HHA

Plain bearings. Terms, definitions and clivsafication.
Part 4. Caleulation parameters and their symbaol

Hara spesennn 2002 —07—01

1 ObnacTs npuMeHeHHA

HacTosimmuil cTaniapT yeTadaAKTHEAET TEPMHHLL B OTIpeIeleHMa, & TAK&e DVKBeHHLE of03HAYeHn
MADAMETPOR, NMPHMEHASMBIY MPH PACUETAN MOIHHIHHEOD CROTLREHHA.

TepMuHBE, YCTAHORIEHHBIE HACTORLLHM CTAHAAPTOM, ODAZATENLHLE N8 NMPHMEHEHH B0 BCEX BH1aX
AOKYMEHTALMH M AHTEPATYPL 10 NOIMHNTHHEAM CEOALASHHA, BXOLAWMX B cepy padoT no cTalZapTH-
JAUHH H/AIH HCMOTETYVIOWIEY PeyILTATE ITHX paboT.

B crappapre NpHpetedhl HHOS3LY HBE JKRHBATEHTEE CTANIAPTHIOBAHHLIY TEPMUROR HA aHTTHACKOM
(en) W ppaHuyIckoM (T S3mKm,

CrangapTHIoBaHHBe TePMHHE HABPAMEL NOIVANDHEM WPpHpToM, WX KpaTkHe opMbl, NPeicTias-
MeHHEE A0DReBHATYPON, — CBETALIM.

B covuanx, KOraa o TepMHHe CONSPMATCA BCE HEOOXNOIMAILE H JOCTATOUHLE TIPHIHAKH NOHATHA,
OrnpeleicHie He [PpHBOINTCH, B BMCECTO HETD CTARHTCH MPOHEE.

[ PHMECYAIHNTS— Tl'.!r.l.'-'IHHI:I. YCTAHORHHHBEC HACTOHILREM CTAHIAPTOM, OTHOSATEH B DOOLICH CTEMEHH K
TMHAPOAHHEM HHUSCKHY HUHETEH B ROSHIHITHHELM CROMIBRCHHHE.

Hacroaui cTaniapT Joased TPHMeHATECA copMecTHo ¢ TOCT HOO 7904-1 n NOCT 7.2,
2 HopmaTHBHLIE CCLLIKH

B vactofles cTaHAanTe WCMOTLIOBARE] CCRUTKH HA CNeayIoUiHe CTaiapTL:

MOCT MO0 7904-1 <2001 MNMomuunHeky ceaibkenna. Yenosisle oboadavenna. OcHOBHEE o=
TOBEHBE OG0IHAYEHHA

MOCT WOO 7904-2=2001 ToguunHHkH ceonbReHnd. ¥Yenoaiue ofotnayenmd. [pusedenne

3 Henoapuauas cHCTEMA KOOPIHHAT

3.1 KOOPIHHATA B HADpALNENHA ZemAennd  en coordinate in the direction of movement

(Bpamenna) x (roation)
fr  coordonnée dans le sens du mouvement (de
rotation}
32 EOOPIHIEITA DOMERER CMAMIROTD CI0a en  coordinate across the lubrication film

it coordonnée perpendiculaire au film dhuile

3.3 KoOpIMHEATA, DApAATeNLNAE OocH Bog-  en coordinate parallel o the bearing axis
WIHIIHES 2

fr  coordonnée parallele il"axe du palier

Hanamae odwmmanneoe
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4 TeomeTpH4ecKHe NOKAZATEH

4.1 panmanbibiil 3a30) KPYTAGHHIHEIPH-
GECHOND nomuHnEEa O PasiocTe MesIy BHyT-
PEHHIM PATHYVCOM PAIHATLHOTO TOALHITHAKA H
PAOHYCOM BATA

4.2 OTHOCHTEILALE  pATHATLHLE 3430
KT THIAPRISC KON Do mHmELa ¥ OrHo-
LWEHHE PATHATLHOTD 333000 K BHYTPEHHeMY -
HHVCY KPVTAGUHTHIIPHYSCKOND TOIMITHAKA

4.3 mHpHHa noJNHTHRES (BTyaKH) & Pas-
siep NOJMHAIHED {BTYVAKH ), H3Meper HLH B OCe -
BOM HATPABIEHHH

4.4 pabdouas  HMpHRE  OomuanEEEs 8o
npina noguHimHegEa 8 33 BRYETOM PaiMepon

LEHTPATEHON KaHaRKK W frcok

4.5 pmamerp (paawyc) medsw mam O (8
Auamerp {paouyc) YacTH mana, Haxonsmedcs
BHATPH MOOWHITHHE

4.6 BHYTPeHNEA JHAMETP (paIaWyC) paaH-
kO nogumoaaes A Bovrpenuunit awa-
METP (PATHYC) CCHEHWA, NEPNELIHEYAPHOND K
OCH  PAIHAILHOMG KPYIAOHHITHHIPHYSCKODD
MOIUIHNHAER

4.7 BUYTPCHHEH IHAMETP PACTOYKH KOPIIYCA
0y, Buyrpesuuil 1MaMeTp OTBEPCTHA B KOPIYCE
LA VETAHOBKH MOIIIHTHHKS CEONLEEHNA

4.8 AHAMETD CMAIDIHOTD OTBEPCTHA J, —
4.9 MHpHEL CMAIOMNGH KANABKN b —

410 mHpHNa cMATIEROTD Kapmana i, -
PHIA CMAIOMHOND KapMAHD HA YPOBRHE MOREpX-
HOCTH CKONLAEHHA

4.1l myra OXBaTa SACTHUYNOND HOJHTHHER
L0 ¥ron OvIH OXBATA BANA YACTHUHOTO PATHATL-
HOTO MOAHHITHAER

4.12 napaMerp mMepoxoBaATOCTH HOBEEXHOC=
™ i -

4.13 TeRI0OTBOIRINAR NOBEPXHOCTE KOPIY-
Ca NOTIHIHEKS 4 —

£n
ir

e

en

fr

£
ir

£
ir

en
ir

€

fir

£
fr
en
fr
£l
fr

£
ir

£
ir
£
fr

radial clearance of a circular cylindrical bearing
jeu radial d'un palier cvlindrigue circulaire

relative radial clearance of a circular cylindrical
bearing
jeu radial relafit d'un palier eyvlindrigue circulaire

bearing (bush) width
largeur de palier (bague de palier)

bearing effective width
Largeur utile de palier

joumal diameter {radius)
diametre {ravon) du tourillon

journal bearing bore diameter (radius)
diametre (ravon) d'alesage dun palier radial

housing bore diameter
housing bore

diametre interieur du logement
alesage du logement

lubricant hole diameter

diametre du trou de lubrification
width of lubricant groove

largeur de la rainure de lubrification
width of il pocket

largeur du bain d'huile

angular span of partial bearing
arc englobant d'un palier partiel

surface roughness parameter

parametre de rugosite de surface

heat-emitting bearing housing surface area
surface emetirice de chaleur du coms du palier

5 Tlapamerpsl ¥31a NOJMANHHKA CKOJbKEHHA

A1 parpyika Ba OO00MHIIHME £ —

5.2 yneanHas HATPYIKA HA TOIMENHHE P
Harpyaka, 0THECEHHAHE K UIOIMIAN M MOREe PXHOCTH
TOIITHITHAKD {TpoHIBSAEHHE BUYTREHHAIG THA-
METPA HA WHPHHY BEIAGLILA NOAUATIHHER)

5

en

fr

£
ir

bearing load

bearing force

charge du palier

force du palier

specific bearing load
charge specifique du palier
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5.3 MARCHMANLHD [IONYCTHMAA  ¥IeILHis
HATPYIKA HA noNmanmak o, [lpeiensiiog spa-
YEHHE YIENLUOH HAMPYIKHE Ha NOAUHITHHE, [pe-

BRILEHHE  KOTOPOH  MOKET [pHBSCTH K
PAIPVILE MO MOILIHITHHER
54 nHuelnas  CKOPpOCTH  HOMIIHIHHKR

(mednn Baga) Uy(L) —

5.5 VraoBas CKOPOCTL NOIMHNIHES (eHKn
BAAA) 1 ) (i ) —

50 abcomoTHER JECueRTpHCcHTET & Pac-
CTOAHHE MEHIY OCLID BATIA W OCRI0 PRIHATLHOTD
TIOIILATTHHAKD TIPH IR HBY paBodHx YeIoRHax

37 OTHOCHTEALHBIH 3ECUHeHTpHCHTET £ OT-
HOlEHHE aBCOMIOTHOND IKCUSHTPHCHTETA K pa-
AHANLHOMY 3300y

5.8 yroa mumsa wenrpos [ ¥raoman koop-

JAHHATA JIHHHH UEHTPOB OTHOCHTEILHO Halpas-
JICHHA Harpyakh

59 gnenn  Jossepbensia, KowphHupenT
HAMPYHeHnOCTH S0 bespassepustd  napaserp
MOI0GHE FHIPOIHHAMWUECKOMD PeXiMa, NapaK-
TEPHIVIOLHN HarpyIky B paiHalLIOM Mo 0=
HHEE CKOMBEEHHA

500 wmeno Peltnoasgsca fe —

301 Tomnmna cmaioanore caos i Paccto-
AHHE MERIY NOBSPXHOCTIAMMH CROILEeHWA Moa-
UWMMHHMED W Wedkd  Bana, HIMepeddne o
PAOHAIEAOM (PATHANLHEH MOIHMIOMAKY 4 Oce-
BOAM (OCEROH MONIHITHME) HAMPARISHHAX

302 MHNHMANGHAR  TOMMHNG - CMATOUROTD
caon fi 0 MigisaasHa ToNMEa CMAI0Y O
CADs B NOIIMHAHEKE NP JaHHLX paloaax vo-
JORHAN

513 EpHTHYECKAS TOMIHHA CMAMNOND
caoa fr 0 Hassensee SHAMCHNE MM L-
HOH TONIARE CMATOMHOID CI0H, NP KOTopoil
el ofeCneYnBAETCH NONHOE paldeieHMe Mo-
BEPXHOCTER CMATDUHLIM CloeM (Mepexnd K cMe-

LIAMHOH CMaIke)

5.014 nasnense B CMAT0OMI0M caoe po Sanne-
HHE, PAIBWBAIOIEECA B MOOIIHITHHEKS CKOTBRE-
HH# B PeIVILTATe  FAIPOIHHAMHYECKOro

FipfekTa

5015 DABBENHE NONAYH CMATOUHOTD MATE-
pHana p Jdamnedne, NpH KOTOROM CMAI0THEIT
MATEPHAT MOIAeTCH B NOIWIHTHAEK

5.16 cuna Tpemms £ —

A7 kosdwhrusenT TpenHa [ —

&n

ir

€n

€0
fr
en

ir
o
fr
£1
ir

£n

£
fr
|
fr

|
fr

£
ir

en
fr

£

ir

|
fr

£
fr
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maximum permissible specific bearing foad
charge specifigue maximale admissible du palier

circumferential velocity of bearing (journal)
vitesse circonferentielle du palier (du tourillon)
angular velocity of bearing {journal)

vitesse angulaire du palier (du touritlon)
absolute eccentricity

excentricite absolue

relative eceentricity
excentricite relative

attitude angle
angle de calage

Sommerfeld number
nombre de Sommerfeld

Eeynolds number
nombre de Eeynolds
lubricant film thickness
epaisseur du film d'huile

minimum ubricant film thickness
epaisseur minimale du film dhuile

minimum permissible lubricant film thickness
epaisseur minimate admissible du film d'huile

lubricant film pressure
pression du film d'huile

lubricant feed pressure
pression dalimentation en lubrifiant

frictional force
force de frottement

coeflicient of friction
coeflficient de frottement
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S015 TesMneparypa  ORPYGHAWINER Cpeos  en
Ipn Tesneparypa cpei. OEpVHaWel nog-  §p
LIATTHHE

09 TeMmeparypa CMAIOYMEOID MATEPHALA €N
ma xoge 7, 0 Temneparypa, npd KoTopoi cua-  fp
IOYHEIA MATEPHAT NOAZETCA B MOILMANHAK, OT1-
pedenseTea HelnoCPeacTHeHHG Meped BXOI0M 1
MOILIHITHHE

520 TeMmepaTypa b CMATOYROM Caoe T - il

fr
5.2] EpETHYECKAA TEMOCPATYPA CMAIMHO-  £N
ro coor ) Makcuvannuad TemMneparypa cma- o fy
IONHOTD C0H, TPERLIWEHNE KOTOPOH TTPHBOIHT
K NOTEpE OroBopetHors Biid CMAZ0MHoro aei-
CTBHA

5.22 3pheETHENAA TEMIEPATYPR CMATOTHO-
ro cnod, shipekTHBNAA Temnepatypa 0 Tem-
NepaTypa, Onpeiededan Ha OCHOBE TEMAOoBOIO  fp
fanauca

523 mpegeneno GOOVCTHMAR TEMOEPaTypa  en
mopEHnnHKa F ;| MakcHsaaeian teMnepaty-  fy
pa NoOMEMTHHKOEOND MATEPHLNL, TPCBLIHEHNHE
KOTOPON BEdeT K paspylieHH e noguminiHLEa

5.24 Tesmepatypa mwedisn sana 1 Cpeamas en
TEMOCPATYPA Baa B PaboMHX YCIOBHSX fr
525 HHTENCHBIOCTE TEOOBOTD moTokas M~ en

KonnuecTno Temna, obpaiviolerocd I cMasod-  fy
HOM COI0E I eAHHHLY BPEMEHY M MEPeanagnnrs
AVTeM TEMAGHEPeTaUM HAH MACCOImepeTaun

520 pacxon CcMAl0UHOrG MaTepuana (ko en
ODLeM CMATOUIOTO MATEPHALA, MNPOXOAALErD  fp
4epes MOIUHNHAE B eIHHHLY BpesMelin

527 OTHOCHTENRIWE pacxol CMAIDUBOre  on
Marepraaa (M beipassepusli napaMeTp. onpe-  fr
AenfgeMblil KAK OTHOLEHNE OOEEMEGID PacyNoLh
CMAIOMHOID MATEPHATE K KOMILTEKCY TeQMaT -

YECKHX H CROPOCTHEIX XapakTepHCTHE NOIWAm-
HHEd CKONLXeHHA

6 XapakTepHCTHEN CMAZI0YHOIO MATEpPHAIA

G0 IHIAMEIECKAR  BAIKOCTE CMATDMRORD e
MATEPHAAR 1] i
6.2 VIEALNAH TelI0EMKEOCTE  CMATOUIHORD €N
MATEPHATA :L‘n — i
6.3 IIOTHOCTE CMASDYHRGID MATEpHANA p — €1

ir

f.4 Koo (iHHIHERT TENIONPORGINOCTH & — €0

ir

ambient emperalure
temperature ambianie

lubricant film inlet temrepature
temperature d'entree du lebrifiant

lubricant film temperature
temperature du film d'huile
lubricant film limiting temperature
temperature critigue du Glm d"huile

lubricant film effective temperature
effective temperature

temperature effective du film d'huile
temperature effective

maximum perntissible bearing temperature
temperature admissible maximale du palier

journal temperrature
temperature du tourillon
heat flow rate

flux thermique

lubricant flow rate
debit de lubrifiant

relative lubricant flow rate
dehit relatif de tubrifiant

dynamic viscosity of lubricant
viscosite dyvnamique du lubrifiant
lubricant specific heat

chaleur massique du lubrifiant
lubricant density

densite du lubrifiant

coefficient of thermal conductivity
coefficient de conductivite thermique
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6.5 woodubMuHerT TENIONEPpeIAuH HA rpa-
MG CMAOUROTD CAOA H NOBERXIOCTH M0TmHITIH-

rocr HCO 4378-4—2001

coeflicient of heat transfer at the boundary of
lubricant film and bearing surface

Ka ko~ fr coefficient de Ctransmission. thermique 4 Ia

frontiere du film d*huile et de la surface du palier

coefficient of heat transfer of bearing housing
outside surface

it coeflicient de trapsmission thermigque de la
surface exterieure du logement d'un palier

6.6 KoMpEUHENT TeNAOnepeIadH Hapys-  en
il MOREPRHOCTH HOPNYCA DOINHIHEES &, —

AnfanaTinl YEQIATENL TEPMHIGE A PYCCEOM A3LKE

BATKOCTE CMATOYIOTD MATEPHANE IHHAMEYECKAR 6.1
BALTEHHE B CMATTHOM CI0E R
AARENHE DOITAYE CMAIUILOID MATE AL 315
AHAMET) PATHANLIOTD BOTNHTHHES BIYTRENNRE 4.6
AHAMETP PACTOUKH KOPOYCA BHYTPEHEHA 4.7
AHAMETP CMATTHON OTRCPCTHSA 4.8
AHAMETP WCHER Bana 4.5
JA¥TA OXBATA YACTHYHOTO MOMIIMIHHESR 4.11
0P KPFTAGILAHNADHYECKOND DOMIHINEER OTHOCHTE BB Pa HabibLik 4.2
IAIOP KPFTIOUHAHHADHYECKOT0 BOSIHITHEKL PaiH L. ibIn 4.1
HETERCHEROCTE TEILHBOM MOTHKA 3.2

KOORIHEITA B BANPIBICHHE BRALTERIEA 31

KOOPIHHATA B HATIPARICHHH JBHKEHHA i1
KODPIHHATA, NAPAUIEALMAA OCH HONUHITHEKA 33
KOOPIHEATA MONEPeK CMATOMHON CADA 3.z
KOMpHIHENT BATPYREHIOCTH 39
EOMPHEIHENT TELHHIEPEIAYH HA PANHLE CMATOYHOTD CAOA H NOBEPXHOCTH IIOIIIHITHHK 6.5
KOMPPHERENT TENTMICPEIANH HAPYRROH MOBEPXHOCTH KOPOYCa NoNuIHINHKE .6
KonphHEHENT TEILIONPOBOIHOCTH .4
KOMpEEREET TPEna 517
HATPYVIKA HA 0OJMIHITHIK il
HATPYIKD HA NOIIHIHEK MAKCHMATLI0 IOIYCTHMAS YIeILIan 53
HATPYTKS TA NOIIHITHNE YIE LA 32
HAIMET] MEPOXOBATOCTH NOBERXHOCTH 412
ILUHITHOCTE CMAMTHON  MATERRATA 6.3
MOBEPXHOCTE KOPHYCE NOMUHINHES TEIWI00TEOLAIAR 4.13
PAIHYC PATRANLHOND NOIUHINAES BIYTPEINHA 4.6
pADMYC eilKH Baa 4.5
PACKO CMATOYHOND MATERHLIA 5.2

PACKO] CMATHUHON MATEPHANA OTHOCHTENLELIH 5.27
CHAA Tperns 516
CHOPOCTE BOIMHONHED JHHelnan 34
CHOPOCTE BOIMMNNHED ¥TA0BAR 3.5
CHOPOCTE WEHKH BAAA JHHEHRRAR 34
CEKOPOCTE MEHKA BATA YII0BAS 35
TEMOEPATYPA B CMAIOYUHOM L0 320
TEMIEPATYPA DEPYREINIIEH CpeTs 518
TEMIEPATYPE DOIMEANNHKA OPeIeiki0 Z0myCcTHMAR 523
TEMOEPATYPA CMATOIHOID MATEPHAIA WA BXOIE 519
TEMEEPATYPA CMATUNOING CH08 KPHTHICCKAS 5.21
TEMOEPATYRE CHMATMHOTD Ciod ddwbeKTHRIAA 5.22
TEMIEPATYPA MEeKH BATA 3.24
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TéMneparypa MupeKTHERAS 5.22
TELHEMEOCTE CMATOMION0 MATERHANA ¥ICNLIAR 6.2
TOMULHAR CMATNYIOTD CIH0E 311
TOANMEA CHMATHOND CH0E KPHTHICCKAR 513
TOMIHAR CMATHIHOTD CH0A MHHHMA TLIAA 312
Y04 AHAHR LEATROS 3.5
quean Jomnepesna 59
qucan Pelnoosaca 510
IHPHIEA BTYIKH 43
HIHPHIA DOIITHITHEES 4.3
IHPHIE TONUHINEES padouan 4.4
HHPHIAD CMATOMIOND KAPMAHA 4.10
IHPHHA CMATOMN0N KAHABKHA 4.9
IHCHEHTPACHTET afCouTTikI 36
IHCULHTPHCHTET OTHOCHTEELHLI 37
AndandTaei YEAIATEIE TEPMAIOE HA AHIMHICKOM A3LIKe

absolute eccentricity 36
ambient temperature 318
angular span of partial bearing 4.11
angular velocity of bearing 335
angular velocity of journal 35
attitude angle 58
bearing effective width 4.4
bearing force 5.1
bearing load 31
bearing width 4.3
bush width 4.3
circumferential velocity of bearing 34
circumferential velocity of journal 54
coefficient of friction 317
coefficient of heat transfer at the boundary of lubricant film and bearing surface 6.3
coefficient of heat transter of bearing housing oatside surface .6
coefficient of thermal conductivity 6.4
conrdinate across the lubrication film iz
conrdinate in the direction of movement i1
coordinate in the direction of rotation il
coordinate paralie]l 1o the bearing axis 33
dynamic viscosity of lubricamt fr.1
effective temperature 5.2

irictional force 316
heat-emitting bearing housing surface area 4.13
heat flow rate 325
housing bore 4.7
housing bore diameter 4.7
journal bearing bore diameter 4.6
Jjournal bearing bore radius 4.6
journal diameter 4.5
journal radius 4.5
journal temperature 524
lubricant density .3
ubricant feed pressure 5:15
fubricant flm effective temperature 3.22

f
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lubricant film inlet temperature 519
lubricant film limiting temperature 5.21
ubricant film pressure 314
lubricant film temperature 5.20
fubricant film thickness 311
fubricant flow rate 326
lubricant hole diameter 4.5
lubricant specific heat 6.2
maximum pernussible bearing temperature 523
maximum permissible specific bearing load 33
minimum lubricant film thickness 512
minimum permissible lubricant film thickness 513
radial clearance of a ciccular eylindrical bearing 4.1
relative eccentricity 5.7
relative lubricant flow rate 527
relative radial clearance of a circular cylindrical bearing 4.2
Reyvnolds number 510
Sommerfeld number 39
specific bearing load 3.2
surface roughness parameter 4.12
width of lubricant groove 49
width of oil pocket 4.10
AnapHTHER YRATATENE TEPMHIOE B QPaNIVICKOM ATHKE
alesage du logement 4.7
angle de calage ik
arc englobant d'un palier partiel 4.11
chaleur massique du lubrifiant b2
charge du palier 5.1
charge specifigue du palier 5.2
charge specifigue maximale admissible du palier 33
coefficient de conductivite thermigue .4
coefficient de frottement 317
coefficient de transmission thermique 4 la frontiere du film dhuaile er de la surface du palier 6.5
coefficient de ransmission thermigue de la surface exterieure du logement d'un palier .6
coordonnée dans le sens de rofation i1
conrdonnée dans le sens du mowvement il
coordonnée parallele & 'axe du palier 33
coordonndée perpendiculaire au film d'huile 3.2
dehit de lubrifiang 5260
dehit relatif de lubrifiant 327
densite du lubrifiant 6.3
diametre d'alesage d'un palier radial 4.6
diametre du trou de graissage 4.5
diametre du tourillon 4.3
diametre du trou de lubrification 4.5
diametre interieur du logement 4.7
gpaisseur minimale admissible du film dhuile 3.13
epatsseur du film dhuile 511
gpaizseur minimale du film d'huile 512
excentricite absolue 3.6
excentricite relative 37
flux thermigue 3.25
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force de frottement 316
force du palier 5.1
jeu radial d'un palier cylindrique circulaire 4.1
jeu radial relatf d'un palier evlindrigue circulaire 4.2
largeur de bague de palier 4.3
largeur de l1a rainure de graissage 4.9
largeur de la rainure de lubrification 4.9
largeur de palier 4.3
largeur du bain d'huile 4,10
largeur utile de palier 4.4
nombre de Reyvnolds 310
nombre de Sommerfeld 39
parameire de rugosite de surface 4.12
pression d'alimentation en lubrifiant 513
pression. du fillm &huile 514
rayon d'alesage d'un palier radial 4.6
rayon du tourillon 4.5
surface emettrice de chaleur du corps du palier 4,12
temperature admissible maximale du palier 323
remperature ambiante 518
emperature critique du film d'huile 5.21
temperature d'entree du lubrifiant 519
lemperature effective 522
temperature effective du film d'huile 322
temperature du film d'huile 5.20
remperature du tourillon 5.24
viscosite dvnamigue du fubrifiant fr.1
vitesse angulaire du tourillon 55
vitesse angulaire du palier 35
vitesse circonterentielle du palier 3.4
vitesse circonferentielle du tourillon 54
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