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COBEPLUEHCTBOBAHMUE AKYCTU4YECKOIO NOBEAEHUA KOPIYCA
ABTOMATUYECKOWN KOPOBKW NEPEAAY ABTOMOBWUJ1S1 KATETOPUU N2
HA OCHOBE METOAA MOJAJIbHOIO NPEACTABJIEHUA
ANHAMUYECKOMN CUCTEMBbI

B nacmoswee epems obugemuposou menoenyueti 6 0oiacmu pazpadoomxy mpaHCnOPmMHbLX MAUWUH 567~
emcs obecneverue 8blCOKUX noxazameneil Oe30nacHoCmu, 3HepeodPHeKmusHocmu u Komgpopmaobens-
HOCMU, XApakmepusyowecs, 8 nepeyio ouepedv, 3P2OHOMUYECKUMU U UOPOAKYCMUYECKUMU NOKA-
3amensimu. Dmo 6bIHYHCOACm UHICEHEPO8 U VUEHbIX NOCMOAHHO CMPEMUMbCS K CHUNCEHUIO VDPOBHA
wyma, uz0a8aemo2o KaKk MawuHou 6 Yeiom, max u OmoenbHbIMU azpe2amamu U cucmemamu. JJanHas
paboma a6naemcs NPOOOIIHCEHUEM CEPUL CINAamell, NOCBAUWEHHbIX pa3pabomKe epuduyuposanHol ma-
memamuieckol Mooenu nepcneKmusHoll agmomamuieckol kopooxu nepeday (AKII) ons asmomoobuns
kamezopuu N2, docmosepHo xapakmepusyouell ee gubpoaxycmuueckoe nogeoenue. Ilpedcmagnenvl
Pe3YIbMamuvl paAcyemuo-3KCNePUMEHMAIbHO20 UCCAe008aHUsT 8ubpoakycmuieckoeo nosedenusi AKII,
BKAIOUAIOWUE IMANBL UCILIMAHUL, 00pabOMKU U AHAIU3A UX Pe3VIbMmamos, 6epuQurayur pacyen-
HOUl MoOenu, CO30aHHOU 8 NPocpammuom npodykme Simcenter 3D, onpedenerue 0CHOBHbIX UCMOYHUKOS
AKyCMuYecKko20 usiyyeHus: u paspabomxy npediodicenutl no e2o cHuceruro. Ilonyuenvl subpoaxycmu-
yeckue Xapakmepucmuky 00beKma uccie008aHus — Yacmomsl — U COOMEEMCMEYIOUWUE UM 3HAUEHUS
aKycmuyecko2o 0asieHus, 6blnoIHeHa ux roxkanuzayusi Ha kopnyce AKII. Paspabomanuasn u eéepughu-
yuposanuas mooenv AKII nossonsiem ¢ y0061emeopumenbHol moyHOCHbIO NPOSHOZUPOBAMb YPOBEHb
sUbpayUU U aKyCmuyecko2o uziyyeHus. Ha ocnosanuu cpasHumenvHo20 0yeHouH020 MOOENUPOBAHUSA
PA3IUYHBIX 8APUAHMOE USMEHEHUS KOHCPYKYUU ONpedeleHbl HAulyyuue, no36010uue noayuums
MUHUMATbHBIIL YPOBEHb AKYCIMUYECKO20 OABLEHUs 8 THOYKAX USMEPEHUS U HeUmpanu308ams Hauboiee
3HayuMmble Gopmbl Konebanuil. BHecenue 6 KOHCMPYKYUIO paspadoomaHtblx HAy4HO-000CHOBAHHBLX MeX-
HUYeCKUX peuleHUll NO360IUL0 CHUZUMb UHMEZPAbHbLIL YPOBEHb AKYCMUYECKO20 OA8IeHUs 80 8CeM OUd-
nasore om 2 0o 10 0bA.
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BBenenue. s yaoBineTBopeHHs TpeOOBaHUS
noTpeduTeneif K IMyMOBBIM XapaKTepUCTUKAM KaOu-
HBl (CajJoHa) TPAHCIOPTHON MAaIIMHBI HEOOXOANMO
MOCTOSIHHO CTPEMHTHCSI K CHUKEHHUIO YPOBHSA IIyMa,
M3JIyyaeMoro KoHcTpykuuei. Ho mpexzae BaxkHO
OTIPE/ICINTh YaCTH W3JCNUs, BHOCSIINE HAHOONb-
MIUH BKJIaJ B MHTETPaIbHBIA YpOBEHb rymMa. OCHOB-
HBIMH M3 HHUX SIBJISIOTCS JIBUTATElb BHYTPEHHETO
cropanus [1-3], BKJIFOUasi CHCTEMBI BITYCKa, BBI-
nycka U oxjaxuaeHus [4-7], Tpancmuccus [8—11],
XOJI0BbIe cUCTeMBbI [12—14] U OTACIBbHBIE 3JIEMEHTBI
THApaBIMYECKUX cuctem [15-17].

OO01e MeToNbI U TIOAXO/IBI K CHIDKEHHIO BHOpa-
IIMOHHOTO M IIIyMOBOTO H3JIyY€HHUsI, MPOU3BOJHMOTO
JIBUTATEJIeM, JaBHO U3BECTHBI M IIUPOKO TPUMEHSIOT-
csi [18-20]. OnHako coBpeMEHHbIEC TPEH/IbI HA BHEApE-
HHUe 0oJiee KOMIAKTHBIX M SKOHOMHYHBIX JIBUTATEICH
COBMECTHO C HOBBIMH TEXHOJIOTHSIMH JJISi CHYDKCHHS
BBIOPOCOB, TAKMMHU KaK OTKJIFOYCHHE IUIIMHIPOB, WC-
MOJIB30BAaHME JBYX BHIOB TOILIMBA, OOCTHEHHOE CTO-
paHue, OCTaHOBKA 3allyCKa, TMOpPHIM3ALUS WIH pe-
IIUPKYJISIIINS BBIXJIOMHBIX TA30B, HETATUBHO BIIHSIOT Ha
BUOpAIMK JABUTATENS, TIOATOMY CO3JaHHE OoJiee «TH-
XHUX» TPAHCMUCCHIA CTaJI0 MPUOPUTETHBIM ISl COBpE-
MEHHBIX TPAaHCHOPTHBIX cpeacTs [21-23].

Ha mpoTskeHun 10roro BpeMeHH MHOTHE yue-
HBIC ¥ HH)KCHEPBI, PacCCMaTpUBasi BUOPOAKYCTHIECKOE
MOBEJICHUE TPAHCMHUCCUM, YICNsIM CBOC BHHUMAaHHE
UCKJIFOYUTETIbHO KPYTWJIBHBIM KOIEOAHUSM W pa3-
JIUYHBIM CIIOCO0AM UX CHM)KEHUS KaK METOJIOM (HITb-
TpaIuy, MyTeM YCTAHOBKHU CLEIUICHUS, TUIPOMY(THI,
THAPOTpaHchOpMaTopa, JABYXMAacCOBOTO MaXOBHKa
WJIH IIEHTPOOEIKHOTO MasTHUKOBOTO MOTJIOTUTEIS, TaK
U 32 CYET COBEPUICHCTBOBAHUSI MAapaMEeTPOB CHIIO-
BOI ycTaHOBKH. Tak, B cBoel pabore [24] Bubpanus
TPAHCMUCCHH aBTOOyCa PacCMaTpUBACTCS B KAUECTBE
OCHOBHOM MTPUYUHBI HEYIOBICTBOPUTEIILHOTO YPOBHS
IIymMa B CcaJjlOHe, BBIMOHSET IKCIIEPUMEHTAIBHOE UC-
CJICIOBaHUE U TIPOBOAUT aHAJIN3 €T0O PE3YNIFTAaTOB, YTO
MO3BOJISIET MPEIUIOKUTH TOJXOABI K CHUKCHHUIO KpY-
THJIBHBIX KOJICOAHUN TPAHCMUCCHH, a CJICIOBATEIIbHO,
Y MHTETPAJIbHOTO YPOBHS IIyMa.

B Oonee mozgHux padorax [25, 26] uccnenosare-
I HAYMHAIOT MPUMEHSATh COBPEMEHHBIE MPOrpamMM-
HBIC TIAKETHI JJIS1 OMPEJICIICHUsI COOCTBEHHBIX 4aCcTOT
U GopM KosrebaHuil KOPIyCOB PEAYKTOPOB M KOPOOOK
nepesiad M CHIWKATh YPOBEHb NIymMa W BUOparnuu 3a
CYET BHECEHUS N3MEHEHUH B UX KOHCTPYKIIUH.

B pabote [21] paccMaTpuBaroTCst METOIBI U MOJ-
XOJIbI, UCTIOJNBb3YEMbIE JJIsi CHYKEHHsI YPOBHSI BUOpa-
UM U IIyMa KOpoOoK mepenad. B omimyme ot mpe-
CTaBIICHHBIX BBIIIC UCCIICAOBAHUM, B JAHHOH padoTe
MPUOPUTETHBIM HAMPABICHUEM CUYHUTACTCS PEIlCHHUE

poOJIeMBI 32 CYET CHIDKCHUS YPOBHSI BUOPAIUH U IIIY-
Ma B HCTOYHHKE BMECTO HCIOJIB30BAHUS KOpITyca JUIs
YMEHBIICHUS M3ly4aeMoro nryma. CHMXEHHE YpOB-
Hs BUOpALIMK U IIIyMa KOPOOKH Iepenad JOCTUTACTCs
Oraromapsi COBEpIICHCTBOBAHUIO KOHCTPYKIIUHU 3y0Oua-
TBIX KOJIEC, BBIIIOTHACTCS IIPOBEPKA BIHMSHUS U3MEHE-
HUH Ha U3ITy4aeMBbli IITyM U OIpenesieTcs BKIaf 3y0-
YaThIX KOJIEC B OOIINH ypOBEHb IIIyMa TPAHCIIOPTHOTO
CpencTBa.

B nanHol cTartke paccMarpuBaeTCsi COBOKYITHOCTD
(axTOpoB, (HOPMHUPYIOMINX BHOPOAKYCTHUYCCKYIO aK-
TUBHOCTb KOPOOKH Iepeiad, ONpeiesieMyI0 MOAaIb-
HBIMH XapaKTePUCTUKAMH KOpITyca, TapaMeTpamH 3y0-
YaThIX KOJIEC M JIPYTHMHU TPYAHO (OpMaH3yeMbIMU
HPOLIECCAMH.

Bce u3noxkeHHoe B JaHHOH CTaThe SIBISCTCS MPO-
JOJDKeHHEeM padot [27, 28], B KOTOPBIX MOKa3aH Mpo-
1[eCC CO3aHus BepU(PHUIIMPOBAHHON MaTeMaTHUECKOM
mojienu niepenekTuBHOM AKII nst aBToMOOMIIS KaTe-
ropuu N2 Ha OCHOBE METO/Ia MOJIAJILHOTO MPE/ICTaB-
JICHUS IMHAMUYEeCKON CUCTEeMBI [29], KoTopasi JoKHA
a/ICKBaTHO OIMCHIBATh €€ BHOPOAKyCTHYECKOE II0-
BEJICHHE B Mpoliecce dKCIuTyaTannu. Ha ocHoBaHUM
IpOoJeNaHHbIX paHee paboT, B JAHHOM HCCIICIOBAHUH
HCTIONB30BATINCH BEPUUIIMPOBAHHAS MOATbHAS MO-
nens [27], yYUTHIBaJIHCh Harpys3ku, (hopMHpyeMbIe
3yO4aThIMU 3aleryieHus MU [28] U BO3MYIIIEHUS, CO3-
JlaBaeMble MacCJISTHBIM HacocoMm [29].

3amayaMu 3Tamna HayyHO-HCCIEA0BaTeIbCKON pa-
0O0TBI, OMMMCAHHOTO B ATOM CTAThE, SBISIOTCS:

- DKCIIEPUMEHTAIILHOE OMPEACTICHNUE YPOBHEH 3BYKO-
BOTO JIABJICHUS U aKyCTUYECKH aKTUBHBIX 30H BO BCEM
JMarna3oHe mnepegad 0e3 Harpy3KH U 01 Harpy3Koii;
- BBINIOJIHEHHE PACcUETOB B COCTABICHHO paHee Mare-
MaTHYCCKOM MOJETH M COIMOCTABICHUE SKCICPHMEH-
TaJbHBIX XaPAKTEPUCTHK U PACUCTHBIX PE3YNIbTaTOB,;

- Bepu(uKaMsa MaTeMaTHIeCKOM MOJICIN Ha OCHOBE
9KCTIEPUMEHTAIBHBIX JAHHBIX;

- TpEeATIOKEHHE KOMIUICKCAa Mep JUIsl CHHXKCHUS aKy-
CTUYECKOro fapieHusi, nuznyyaemoro AKII.

JKcIepuMeHTaIbHOe uccieaoBaHue. VcnbiTa-
HUSl TIPOBOAMIIUCH B JIADOPATOPHBIX YCIOBHAX Ha
CTEHJIE, NPH ITOM H3MEpSUICS YpPOBEHb aKyCTHUYe-
CKOTO JaBICHHUS M ONPEACISUIOCH PACIONIOKCHHE
akyctuuecku akTuBHbIX 30H AKII. ITpu npoBenenun
9KCIEPHUMEHTANBHBIX HCCICIOBAHUNA HCIIOJIB30Ba-
JIUCh aKycTuueckas pemierka MicrodB ¢ kamepoit
LMS HD AcousticCamera, peructparop BHOpoaxy-
ctnyeckux curHanos LMS SCADAS SCROS, noyT-
OyK C MPOrpaMMHBIM 00ECTICUCHHUEM ISl YTIPABICHHS
peructpammeii manueix Siemens Simcenter Testlab
(PyxoBonctBo momp3oBarensi LMS Test.Lab Impact
Testing v.18.2; PykoBoncTBo monb3oBatens s Scadas
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Mobile & Recorder v. 2.1; PykoBoacTBO mosib30Bares
quist Scadas XS v. 2.1).

[Ipn mpoBeneHuu NOAOOHBIX pabOT HaTUUHE
CBSI3M MEX]ly YPOBHSIMU MEXaHUYECKHUX KOJICOaHMH
Ha YacTOTax COOCTBEHHBIX (popM KomebaHM U MH-
KaMH Ha CIIEKTPE aKyCTUYECKOTO IIIyMa B CIICLUATH-
3UPOBAHHBIX IPOTPAMMHBIX IPOAYKTAX OMHUCHIBACT-
cs crienuaidbHbIMU pyHKIIAMEU (ATV, MATV 1 np.).
TeM He MeHee HENOCPEICTBEHHBI COBMECTHBIN
aHaNIM3 CIEKTPOB MEXaHHYECKUX BUOPALMOHHBIX
KOJIeOaHUH M CIEKTPOB aKyCTUYECKHUX JaBICHHH,
MOJyYEeHHBIX IO pe3ylbTaTaM M3MEpPEHUi ¢ Momo-
MIbI0 AKYCTHYECKONH PEIICTKH, TaKXKe IO3BOJISECT
YCTAHOBUTH 3Ty CBA3b B IEPBOM MPHUOIMKCHHUU.
Ecnu oGmacTh BBICOKOTO JABICHHS aKyCTHUYECKOTO
IIyMa COBMAJACT WM HaXOJUTCS PAJIOM C y3JaMH,
UMCIONIMMH NHUK BHOpAIMU Ha 3TOil ke dJacToTe,
TO MOYKHO YTBEP)KJIaTh, UYTO TaKasl CBS3b CYLICCTBY-
€T M ATa coOCTBeHHas (hopMa KoJeOAHUH SIBISICTCS
3HAQUMMOH M aKyCTUYECKHU aKTHUBHOM Ha I1OBEPXHOC-
1 koprnyca AKII.

Ha pucynke 1 npencraBiieH oOmuii B 3KCIIepu-
MEHTaJIbHOUN ycTaHOBKH. COOpP JaHHBIX OCYIICCTBIISII-
Csl Ha BCEX paccMaTpUBaeMbIX pexxnmax padotst AKII
COIVIACHO METOJIMKE UCIIBITAHUM, a IEPEX0] K CIIEyt0-
LIEMY PEXHUMY OCYILECTBIISIICA TOJIBKO MOCIIE BBIIOJ-
HEHUSI aHaJIM3a IOCTaTOYHOCTH U KOPPEKTHOCTH M3Me-
pEeHMI Ha TEKYLIEM.

Ha pucynke 2 npenicraBiieH CIEKTP aKyCTUYECKO-
To JaBlieHus Ha |-ii mepeaaye ¢ HOMUHAIBHBIME 000-
potamu 2200 06/MuH.

Pucynok 1 — O6uimii BUX IKCIePUMEHTAIBHON YCTAHOBKH
Figure 1 — General view of the experimental installation

Asycriseckoe nasnesme, BBA

Yacrora, 't

Pucynok 2 — CnekTp akyCTHYECKOT0 JaBJIeHHUst
Ha 1-if mepenaue, 2200 06/mMun
Figure 2 — Acoustic pressure spectrum in 1st gear, 2,200 rpm
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31ech XOpOoIIo MPOCMATPUBACTCS MUK HA YaCTOTE
okoo 1610 I', 4yTO y/IOBIETBOPUTEIHHO COBIMAIAET
C 4aCTOTOM MaKCHMajJbHOTO YpPOBHS BHOpamum —
1600 I'm 1 ¢ yacToTOl cOOCTBEHHOM (OpMBI KOJleOa-
auit AKIT — 1596 I'L.

Ha »toM e pucyHke ectb ik Ha yactote 3270 I'L,
YTO OJIU3KO K YaCTOTE COOCTBEHHOM (hOpMBI KoseOaHu
3296 I't. JIorn4HO NPEATIONOKUTh, YTO MAKCUMAJIbHbIC
YPOBHM aKyCTHYECKOTO IaBJICHUSI OyIyT PacroaraTbest
PSIOM € TOUKaMH, TJe UMEeTCS MaKCUMyM BHOpanuit
Ha yacTote coocTBeHHOU (hopMbl Kostebanmii. CormacHo
pe3ysIbTaTaM 3KCIEPUMEHTAIBHOTO HCCIIEA0BAHUS BH-
Opaumii mpu 1800 00/MuH HaOMIOAACTCS MUK C YacTO-
toii 3290 I'. Ha pucynke 3 noka3zan rpaduk criekTpa
aKyCTHUECKOTO JIABJICHMS JUIS 3TOTO YPOBHS 00OPOTOB.
Kypcopom ormeuen nuk B paiione gactotsl 3270 I'.

Ha pucynke 4 mokaszaHo pacnpene/ieHie aKyCTHIec-
KOTO JaBJjieHHs Ha |-i mepenade mpu yacTtore Bpalle-
aust 1800 o6/mun mtst moaocsl yactot 3200...3490 I

Kax BumHO u3 prucyHka 4, o01acTb MaKCUMaJIbHOTO
JIABJICHUsI HAXOMUTCS B IEHTPAIBLHOM 4YacTH OOKOBOM
MOBEPXHOCTH KapTepa B 30HE yCTAHOBKU BUOPOJATUMKA.
Ene omHa obnacth nryma ¢ amrmuTyaoi o 68,8 nb Ha-
XOAWTCSL B TIPaBON BEepXHEH 4yacTH 30HBI OpeOpeHHS.
AHaJIOTHYHBIM 00pa30oM OBLT BHIIIOIHEH aHAJIM3 HKCIIe-
PUMCHTAJIbHBIX JAHHBIX IJI OCTAJIbHBIX PEKUMOB.

AHaJUTHYeCKOe uccienoBaHue. B co3mannyio Ha
NpeNpIIyIIMX 3Tarnax HccienoBanus monens [27, 28]
JUTSL TIOBBIIICHUS 3(h(EKTUBHOCTH pacyeTra ObLT 100aB-
nen metont ATV (Acoustic Transfer Vectors), mo3Bossito-
M OBICTPO HAXOMUTH 3HAYCHHE aKyCTUIECKOTO OTKIIH-
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Pucynok 3 — CrieKkTp aKycTHYeCKOro AaBieHus Ha 1-ii mepenaye,
1800 06/mMun
Figure 3 — Acoustic pressure spectrum in 1st gear, 1,800 rpm

Pucynok 4 — Pacnpeneienne akycTH4eCKOro 1aBJjieHus
Ha 1-ii mepenaue, 1800 06/mun, yactora 3200...3490 I'y
Figure 4 — Acoustic pressure distribution in 1st gear, 1,800 rpm,
frequency 3,200...3,490 Hz
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Ka B ICKOMOM TOUKE uepe3 mepenaTouHble (PyHKIHH,
paccuuTaHHBIC MEXTy BCEMH Y3IaMU MOJICIN-HCTOU-
Huka (koprmyc AKII) u y3nmamu Mopenu-npueMHHKA
(muxpodonsl). Bepudukamnus mo akyCTHUECKUM Xa-
paKTepUCTUKAM MPOBOIMIACH TyTEM COMOCTABICHUS
PE3YyNIBTaTOB TEOPETUIECKOTO U SKCIIEPUMEHTAIEHOTO
uccienoBanus akycrudeckoro manydenus AKII (pu-
CYHKH 5, 6).

Paccmotpum nporiecc Ha npumMepe S5-if nepenadn
IIPU YacTOTE BPAILICHUS KOJCHYATOTO Bajla JBUrare-
s 2122 06/mMuH. B muanaszonax gacror 1000-1200,
1500-1700 u 2100-2200 T'1; B 3KCTIEpUMEHTAIBHBIX
JAHHBIX (CM. PHCYHOK 5 D) HaOmomaroTcsi cpa3y TpH
[IMPOKUE TOPU3OHTAIBHBIC JTUHUHM C BHICOKUM YPOB-
HEM aKyCTHYECKOTO IaBJICHUS], UTO SIBHO COOTBETCTBYET
HECKOJIBKUM OJIM3KMM IO YacTOTe MHUKaM (CM. 00JacTH
1, 2 u 3 Ha puCyHKe 5 @), MONyYeHHBIM PacYCTHBIM
croco0OM. AHAIOTHYHBIC BBIBOJIBI, HO JJIS1 3HAUMMBIX
JUHUN ¥ TIHKOB, MOXKHO CHENaTh JIsi BCEro MHTEpE-
cymomero Hac auanazoHa yactot oT 500 mo 3500 Im.
BaxHO OTMETHTBH, YTO TpU BEpPUPUKALUHN AETAICST
yIIOp Ha COBMAaJCHUE O0JIACTEeH MUKOBBIX 3HAYCHUH,
a HE Ha UX KOJIMYECTBEHHBIC TOKA3aTEIH.

Ha pucynke 6 npenctaBieHO CpaBHEHHE JIOKAIU-
30BaHHOTO aKyCTHUYECKOTO M3JIyYCHUSI U COOTBETCTBY-
olel pacuetHo Gopmel koebanuit kopyca AKIIL.

Ha ocHoBe comocTaBieHUsI M aHANIM3a pe3yib-
TaTOB TEOPETUYECKOTO U IKCIEPHUMEHTAIBHOTO HC-
cienoBaHus akyctuueckoro usnydenus AKIT Ovimo
YCTaHOBIICHO, YTO OCHOBHBIM HCTOYHUKOM aKyCTHYEC-
KOTO M3JIy4eHHS SBJISIIOTCS OOKOBBIE CTCHKH KapTepa.
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Pucynok S — CrnieKTp aKycTHYECKOI0 1aBJIeHHSs
Ha 5-ii mepenaue, 2122 06/MHH: @ — pacueTHOE 3HAYCHHE;
b — dKCIEPUMEHTAIIBHOE 3HAYCHHE
Figure 5 — Acoustic pressure spectrum in 5th gear, 2,122 rpm:
a — calculated value; b — experimental value

Kpome Toro, pacyeTHbIe HCCIICIOBAHHSI TOKA3aJIN BbI-
COKOAMIUTUTYAHBIC BEIHYKJICHHBIE KOJICOAHHSI TOJI0-
Ha Ha BCEX PacCMaTpHBaeMbIX pexuMax padoTsl. J{is
CHIIKEHHSI YPOBHSI aKyCTHYECKOTO M3IIy4YCHHs Ipeji-
JIO)KCHO HECKOJIBKO BapHaHTOB OpeOpEeHUs KapTepa
(pucyHoK 7) u monoHa (PUCYHOK 8).

Ha ocHOBaHMH OIICHOYHOTO MOJIEITMPOBAHMS, 3a-
KJIFOYAFOIIETOCs B CPABHEHUH YPOBHEH aKyCTHYECKOTO
JIaBJICHUS B TOYKaX U3MEPEHNS, Pa3IMYHbIX BAPHAHTOB
W3MEHEHHs] KOHCTPYKIMU OBbLIN TT0JI00paHbl PEKOMEH-
JlyeMble IapaMeTpbl OpeOpeHus KapTepa M TOJIIHHBI
MOJI0OHa (3TO OKazajoch APQeKTUBHEE, YeM opedpe-
HHe). BaxHO OTMETHTB, YTO paccMaTpuBaMCh pas-
JIUYHBIC BAPUAHTHI OpeOpeHus (He TONBKO (OpM, HO
Y TOJILMHBI, BBICOTHI U miara pedep). [Ipu atom perna-
JIach 3a/1a4a He TOJIBKO JIOCTH)KEHUs TPpeOyeMbIX MMOKa-
3areliel aKyCTHYeCKOro JaBJICHHUS], HO U YHUYTOXKCHHS
Haubosee 3HaUUMbIX (HOpM KoJIeOaHHIA.

CpaBHHTEIIBHBIC PE3YJIbTaThl IPUBEACHBI HA PH-
cyHke 9. BeiHyXIeHHBIE (OpMBI KoNeOaHMid KopiTyca
AKII npencrapnens! Ha pucyHkax 10 u 11.

Kak BHJHO M3 pHCyHKa 9, YPOBEHb aKyCTHYEC-
KOTO JIaBJICHHs 1OCJIC BHECEHHs M3MCHEHHH B KOH-
CTPYKIHMIO He mpeBblnaer 76 a1BA Ha paccTOsSHHUU
1 M OT OOKOBO#i CTEHKH KapTepa U JIMIIb B HEKOTOPBIX

A
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Pucynox 6 — Yacrora 1100 I'u, 5-11 nepenaya, yacTora BpameHus
KOJIEHYATOro BaJsia 2122 00/MHH: g — JTOKaIM3aILHs aKyCTHIECKOTO
U3/TyYeHHs Ha TIOBEPXHOCTH KapTepa; b — cooTBeTCTBYIOMAs (popma

KosiebaHuii Ha GOKOBOII IIOBEPXHOCTH KapTepa
Figure 6 — Frequency 1,100 Hz, Sth gear, crankshaft rotation
frequency 2,122 rpm: ¢ — localization of acoustic radiation on the case
surface; b — corresponding form of oscillations on the case side surface
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Pucynok 7 — Bapuantnl opedpennst kaptepa AKII
Figure 7 — AT case finning options

Pucynokx 8 — Bapuantni opedpennsi mogzona AKIT
Figure 8 — AT pallet finning options

JMana3oHax MPEeBBICHI M3HAYalbHBINA. TakuM oOpa-
30M, Ha OCHOBE PacyeTHOU OLEHKH 3(P(PEeKTUBHOCTH
MIPEIJI0KEHHBIX MEPOIIPUSITUI MOKHO CEIaTh BBIBOJ
O CHWXKEHMM MHTEIPaJIbHOIO YPOBHS aKyCTHYECKOIO
aBJIEHUs BO BceM auanasone oT 2 10 10 nbA.

BeiBoabl. B pesynbraTe BBINOIHEHHBIX DKCIIE-
PUMEHTANIBHBIX padOT MONydeHbl BUOPOAKYyCTHUEC-
kue xapakrepuctuku AKII Ha ycTaHOBUBLIMXCA
pexumax B IIHPOKOM JMANa30HE YacTOT BpalleHUs
U Harpy>kKeHus s Bcex nepenad. Ilomydenst yacro-
Thl ¥ COOTBETCTBYIOLIME UM 3HAUEHUsI aKyCTHUECKO-
IO JIaBJI€HUs, BBIIIOJIHEHA UX JIOKAJIM3alus Ha Kop-
nyce AKII.

Ha nexotopsIx pexumax mo obopoTtam Ha 1-ii,
2-ii, 4-i, 5-i1 m 7-i mepenavax onpeeneHa B3anuMo-

| 50

Yactota, [

r
H

|
1500 00(‘)
Pucynok 9 — CnekTp akyCTHYeCKOI0 JaBJIeHHS:
1 — ypoBeHb aKyCTHYECKOTO JaBIECHHUS 10 BHECCHHUS N3MEHEHHIT
B KOHCTPYKLUIO; 2 — IOCIIE BHECCHHS H3MCHEHHUI
Figure 9 — Acoustic pressure spectrum:
1 — acoustic pressure level before changes were made to the design;
2 — after changes were made
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CBSI3b MEXKJIYy COOCTBEHHBIMHU (opMaMu KoJeOaHH
Y IUKAMU Ha CIEKTPE aKyCTHYECKOTO JaBIICHHS.
Ha ocTanbHBIX — MUKU SIBISIFOTCS BBIHYKJCHHBIMH
KOJICOQHUSIMH.

YCTaHOBJIEHO, YTO aKyCTUYECKOE W3Iy4YeHHE CO
3HAYUTEIHHBIMU aMIuInTynaMu (Oomnbine 60 1bA) co-
OTBETCTBYeT jamarnazoHy 4dactotr oT 200 go 4000 I
JIOMUHUPYIONIMMU 9aCTOTAMU W3ITYyUYCHUS SBISIOTCS
cnenyromue: 1100, 1500, 2100, 2800 u 3540 I'n. [Tpu
atoM B auanazone ot 200 xo 600 I'n uaeHTHduUIUpO-
BaTh NMPUHAIICKHOCTh aKyCTUYECKOTO U3TTYyUYCHHSI HE
VAQJIOCh, YTO MOXKET OBITH CBSI3aHO C OOIIEH 3amrym-
JIEHHOCTBIO MeCTa MPOBEACHUS dKcrepuMenTa. [Ipu
9TOM OYEBHUJIHO, YTO BO BCEM JHAMa30HEe YacTOT Hau-
OONBIINI BKIIAJ B aKyCTHYECKOE U3TYyYSHHE BHOCAT
BHOpanuy OOKOBBIX TIOBEPXHOCTEH KapTepa U Moj10-
Ha AKII, 4To MOXXHO TOATBEPANTD, UCIIOJIB3Ys BEPH-
(bUITUPOBAaHHYIO PaCUYETHYIO MOJIeNb, & TAKKE Tpe/-
MOJIOKUTh CYIIECTBCHHBIM BKJIAJ B OOIIMI ypOBEHBb
AKyCTHYECKOTO U3TYUYCHHS KPBIIIKH CIETUICHUSI.

Pazpaborana BepudunupoBanHas monenb AKII
JUTsI OLICHKH BUOPOAKyCTHUYECKHX MapameTpoB, MO3-
BOJISIFOIIIASI C YIOBJIETBOPUTEIILHON TOUHOCTBIO TIPO-
THO3UPOBATh yPOBEHb BUOpAIUU U aKyCTHUYECKOTO
W3ITyYCHUS.

Beenenue opeOpeHus KapTepa U yBeJIMYeHUE TOJI-
bl oagoHa AKII npuBeno K CMENIEHHI0 04aroB
BUOpAIlMM Ha MOBEPXHOCTH KOpIyca B 30HY IOOKH
KapTepa, KPBIIIKA JEeMYIbTUIUIMKATOPA M KPBIIIKH
crerieHus. Ha oTaensHbIX opMax COXpaHHINCh BHO-
parmu B 067acTH OOKOBBIX CTEHOK M KPBIIIK KapTepa,
HO UX aMIUIUTY/IbI CHU3WIUCH 110 CPABHEHHIO C CyIIeC-
TBOBABIIUMH JI0 BBEJCHUS W3MEHEHHH B KOHCTPYK-
nuo. Bece 3TO MO3BONMIIO CHU3WTH WHTETPAJIbHBIN
YPOBEHb aKyCTHYECKOTO JIaBJICHHUS BO BCEM JIHAITa30HE
ot 2 o 10 gBA.
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Pucynok 10 — ®opma kosedannii AKII na yacrore 960 I'n: @, c — 10 BHeCeHUsI N3MEHEHHI B KOHCTPYKIIUIO;
b, d — 1mocjie BHECEHUS U3MEHEHHI
Figure 10 — Shape of AT oscillations at the frequency of 960 Hz: a, c — before changes were made to the design;
b, d — after changes were made

(9}

3074

2459

1844

1230

0615

(2]

a b

- Solution 1 from Load Recipe Modsl and Load| 1Resut
Aty Vi Acounic, - Sl Recpe| Pre-processing
Acceleraton - Nodal, Magntude
‘Complex Opton : Ampituce
Min£0.000, Max 7,377, Units = g
Acoustc Setting : Scaling Peak

3074

2450

1804

123

-
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b, d — mocyie BHECEHHS M3MEHEHUI
Figure 11 — Shape of AT oscillations at the frequency of 1,480 Hz: a, c — before changes were made to the design;
b, d — after changes were made
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IMPROVING THE ACOUSTIC BEHAVIOR OF THE HOUSING OF AUTOMATIC
TRANSMISSION OF N2 CATEGORY VEHICLE BASED ON THE METHOD
OF MODAL REPRESENTATION OF A DYNAMIC SYSTEM

There is a global tendency nowadays in the development of transport vehicles to ensure high safety, energy
efficiency and comfort, characterized primarily by ergonomic and vibroacoustic indicators. This forces
engineers and scientists to constantly strive to reduce a noise level emitted by both the vehicle as a whole
and individual units and systems. The paper is a continuation of a series of articles devoted to the deve-
lopment of a verified mathematical model of a promising automatic transmission (AT) for a N2 category
vehicle, reliably characterizing its vibroacoustic behavior. The article represents the results of a computa-
tional and experimental study of the AT vibroacoustic behavior, including the stages of testing, processing
and analysis of their results, verification of the computational model created in the Simcenter 3D software
product, identification of the main sources of acoustic radiation and the development of proposals for
its reduction. The vibroacoustic characteristics of the object of study are obtained, namely frequencies
and corresponding acoustic pressure values, their localization on the AT housing is performed. The deve-
loped and verified AT model makes it possible to predict the level of vibration and acoustic radiation with
satisfactory accuracy. Based on comparative evaluation modeling of various design modification options,
the best ones are determined, which allow to obtain the minimum acoustic pressure level at the measure-
ment points and neutralize the most significant forms of vibrations. The introduction of the developed sci-
entifically-based technical solutions into the design made it possible to reduce the integral level of acoustic
pressure in the entire range from 2 to 10 dBA.

Keywords: NVH, vibroacoustics, transmission, simulation, verification, experimental research, digital
copy, nonlinearity, prediction

DOI: https://doi.org/10.46864/1995-0470-2023-4-65-38-46

References

1.

Xu Z. Experimental research on idle combustion noise of a diesel
engine. Journal of physics: conference series, 2022, vol. 2359.
DOIL: https://doi.org/10.1088/1742-6596/2359/1/012003.
XuZ.,Luo X., Qiu Y., Hao Z. Modeling and NVH analysis of a full
engine dynamic model with valve train system. Applied sciences,
2020, vol. 10, iss. 15. DOL: https://doi.org/10.3390/app10155145.
Tan Y., Zhang B., Yuan Z. Sound quality evaluation metrics on
diesel engines. SAE Technical Paper, no. 2023-01-1128, 2023.
DOI: https://doi.org/10.4271/2023-01-1128.

Tan Y. Sound quality enhancement with exhaust manifold and
hot-end structure optimization on HS8 engine systems. SAE
Technical Paper, no. 2022-01-0621, 2022. DOI: https://doi.
org/10.4271/2022-01-0621.

Hou H. Coupled fluid-structure analysis for exhaust system NVH.
SAE Technical Paper, no. 2014-01-0020, 2014. DOI: https://doi.
org/10.4271/2014-01-0020.

John Britto V.A., Sidram Hatti K., Sankaranarayana S., Sadasi-
vam S., Loganathan E. Air intake system NVH performance deve-
lopment for commercial vehicle. SAE Technical Paper, no. 2014-
01-0019, 2014. DOI: https://doi.org/10.4271/2014-01-0019.

Gao Y.-L., Xu J.-J., Cai X.-R., Sun Y.-H. Impact of engine coo-
ling fan on vehicle interior NVH. Chinese internal combustion
engine engineering, 2015, no. 1, pp. 53-56. DOI: https://doi.
org/10.13949/j.cnki.nrjge.2015.01.009 (in Chinese).

Abe T., Felice M.J. Driving the next generation of powertrain
NVH refinement through virtual design. Proceedings of ISMA

45



ISSN 1995-0470. MEXAHUKA MALINH, MEXAHU3MOB U MATEPUAJIOB. 2023. Ne 4(65)

10.

1.

12.

14.

15.

16.

17.

18.

19.

46

2010 — International conference on noise and vibration engi-
neering, including USD 2010. Leuven, 2010, pp. 4275-4291.
Pasch G., Jacobs G., Berroth J. NVH system simulation of a
tractor with hydrostatic-mechanical power split transmission.
Landtechnik, 2020, vol. 75, no. 4, pp. 301-315. DOI: https://
doi.org/10.15150/1t.2020.3254.

Zhang J., BaoY. Launching rattle noise test analysis and improve-

ment for a SUV with 6AT automatic transmission. Proceedings of

China SAE Congress 2022: Selected papers, 2023, pp. 288-298.
DOI: https://doi.org/10.1007/978-981-99-1365-7_21.

Tama J. Vehicle gearbox noise and vibration: Measurement,
signal analysis, signal processing and noise reduction mea-
sures. John Wiley & Sons, Ltd, 2014. 243 p. DOI: https://doi.
org/10.1002/9781118797563.

Zhang J., Geluk T. From measured road profile to tire blocked
forces for road noise prediction. SAE Technical Paper, no. 2023-
01-1084, 2023. DOI: https://doi.org/10.4271/2023-01-1084.
Ortega Almirdn J., Bianciardi F., Corbeels P., Pieroni N., Kindt P.,
Desmet W. Vehicle road noise prediction using component-based
transfer path analysis from tire test-rig measurements on a rolling
tire. Journal of sound and vibration, 2022, vol. 523. DOL: https://
doi.org/10.1016/j.jsv.2021.116694.

Heckl M. Tyre noise generation. Wear, 1986, vol. 113, iss. 1,
pp. 157-170. DOL: https://doi.org/10.1016/0043-1648(86)90065-7.
Luki¢ J. An approach to an NVH investigation of vehicle hyd-
raulic pumps. Journal of low frequency noise vibration and ac-
tive control, 2011, vol. 30, iss. 2, pp. 137-147. DOI: https://doi.
org/10.1260/0263-0923.30.2.137.

Oh J., Sankaran S., Truitt J. 4 computational and experimental
investigation on the effect of bleed slits for a shim stack type
hydraulic damper. SAE Technical Paper, no. 2023-01-1059,
2023. DOI: https://doi.org/10.4271/2023-01-1059.

Zhang L., Wu P, Wu D.-Z., Hong W.-R. Study on pressure fluctu-
ation control of a regenerative pump for fuel system. Chinese jour-
nal of engineering design, 2017, vol. 24, iss. 4, pp. 395-402. DOL:
https://doi.org/10.3785/j.issn.1006-754X.2017.04.005 (in Chinese).
Beidl C.V,, Rust A., Rasser M. Key steps and methods in the de-
sign and development of low noise engines. SAE Technical Pa-
per, no. 1999-01-1745, 1999. DOI: https://doi.org/10.4271/1999-
01-1745.

Wischmann S., Drichel P., Jacobs G., Berges J., Berroth J. Com-
bining sensitivity and uncertainty analysis to efficiently quanti-
fy parametric uncertainties in NVH system simulation models.
Forschung im Ingenieurwesen, 2023, vol. 87, iss. 1, pp. 453-467.
DOIL: https://doi.org/10.1007/s10010-023-00644-z.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Wei Z., Zheng L., Huang L., Gao W., Li Y., Zhao X., Liu R.
Prediction and analysis of diesel engine combustion noise using
transfer function method. International journal of automotive
technology, 2021, vol. 22, iss. 3, pp. 665-676. DOI: https://doi.
0rg/10.1007/812239-021-0062-y.

Crocker MLJ., et al. Handbook of noise and vibration control.
Hoboken, John Wiley & Sons, Inc., 2007. 1600 p. DOI:
https://doi.org/10.1002/9780470209707.

Automotive engineering. Powertrain, chassis system and vehi-
cle body. Oxford, Butterworth-Heinemann, 2009. 834 p.

Plunt J. Finding and fixing vehicle NVH problems with trans-
fer path analysis. Sound and vibration, 2005, vol. 39, iss. 11,
pp. 12-17.

Tandogan O., Yapici T., Doganli M., Sevginer C. Refinement
of vehicle interior noise by reduction of driveline vibrations.
The journal of the Acoustical Society of America, 2010, vol. 127,
iss. 3_Supplement. DOI: https://doi.org/10.1121/1.3384011.
Ganesha B., Umesh K.N., Setty G.R., Naik S. Dynamic vibra-
tion analysis of gear box casing using ANSYS software. Inter-
national journal of innovative research in science, engineering
and technology, 2017, vol. 6, iss. 7, pp. 13354-13362. DOI:
https://doi.org/10.15680/1JIRSET.2017.0607128.

YuF, LiY., SunD., Shen W., Xia W. Analysis for the dynamic cha-
racteristic of the automobile transmission gearbox. Research jour-
nal of applied sciences, engineering and technology, 2013, vol. 5,
iss. 4, pp. 1449—1453. DOL: https://doi.org/10.19026/rjaset.5.4886.
Trusevich LA, et al. Verifikatsiya modalnoy modeli transmissii
s tselyu prognozirovaniya NVH parametrov [Verification of a
modal transmission model in order to predict NVH parameters].
Bulletin of the South Ural State University. Series “Mechanical
engineering industry”’, 2021, vol. 21, no. 3, pp. 61-68 (in Russ.).
Trusevich I.A., et al. Algoritm optimizatsii vibratsionnykh
nagruzok, formiruemykh zubchatymi zatsepleniyami perspek-
tivnoy korobki peredach gruzovogo avtomobilya [Algorithm of
optimization of vibration loads formed by gears of a prospec-
tive transmission of a truck]. Bulletin of the South Ural State
University. Series “Mechanical engineering industry”, 2021,
vol. 21, no. 4, pp. 5-14 (in Russ.).

Taratorkin A 1. Nauchnye metody snizheniya dinamicheskoy i vib-
roakusticheskoy nagruzhennosti silovykh peredach kolesnykh
i gusenichnykh mashin putem variatsii modalnykh svoystv. Diss.
d-ra tekhn. nauk [Scientific methods of reducing dynamic and
vibroacoustic loading of power gears of wheeled and tracked
vehicles by varying modal properties. D. Sc. Thesis]. Moscow,
2022. 377 p. (in Russ.).



