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Anomauia—Yy naniii cTaTTi npeAcTaB/IeHi pe3yJbTaTH NPAKTUYHOI0 NOPiBHAHHSA ABOX MEeTOAIB 3HAXO/sKeHHS (PI3MUHUX
napameTpiB eJ1eKTPOINHAMIYHOI0 NepeTBopoBaya. Ilepummii — KJIaCHYHMI MeTO]1 32 I0NOMOT0I0 J10/1aHOi Macu. J{pyruii —
3aMpoNOHOBAHUIT METO/l OCHOBaHWIi Ha BUKOpUCTaHHI napamMerpa BL. Po3risiHyTi nepeBaru Ta He10JiKH KOKHOTO 3 IBOX
METO/iB, a TAKOK MOXUOKM 3HANAEHNX NapaMeTpPiB Ta iXHS 00IPYHTOBAHICTh.

Knrwuogi cnosa — enekmpoounamiunuit nepemeoprosay; napamemp BL; 0ooana maca.

L Bctvn

3angaya 3HAXO/UKEHHS (DI3MYHUX MapaMeTpiB ENIeKT-
POIMHAMIYHHX TIEPETBOPIOBAYIB € HEBi €EMHOIO YacTH-
HOKO TIPOIIECY PO3POOKH Ta BHPOOHHUIITBA aKyCTUYHUX
cuctem [1], [2]. HaiGinmpm mnomyisspHUM A IHOTO
€ MeToA JojaHol Macw, 1o OyB 3amporoHoBaHuii He-
BiioM Tinem u Piwapmom Cmoinom [3]-[5]. Leit meTon
€ TIPOCTHM Ta H/IIHHUM y BHKOPHCTaHHI, HE NOTpeOye
KOILITOBHOT TEXHIKU Ta 3HAYHUX OOUMCITIOBAIBHHX MOTY-
JKHOCTEHN. AJje #ioro HalOUIBIINM HETOJIIKOM € Oe3roce-
pelHe noaBaHHs MacH 0 PyXOMO{ YaCTHHH HIEPETBOPIO-
Baya, [0 MOXKE HOT0 MONIKOANTH Ta Ay)KE YacTo € MpaK-
TUYHO HEMOXJIUBUM. BumipsaTu mapamerpu mepeTBopio-
Bauya Oe3 (i3MYHOrO BTpydYaHHS JI0 PYyXOMOi YacCTHHH
MOJKHA 32 JIOTIOMOTOIO JIa3ePHOT TPIaHTyIAMmii (1 BUMi-
proBaHHS 3MileHHs) [6] abo momiepiBchKol iHTephepo-
MeTpii (Ut BUMiprOBaHHS MIBHIAKOCTI) [7].

Meroj BukopucrtanHs napamerpa BL (1o0yTky iHIy-
KIii y 3a30pi MarHiTHOTO KoOJIa Ta IHAYKTUBHOCTI 3BYKO-
BOI KOTYIIKHM) 0a3ye€ThCsi Ha BHMIPIOBaHHI 3MIL[CHHS
PYXOMOI 4YacTHHHM MEpEeTBOPIOBada, a TaKOX CTPyMy
Yyepes KOTYIIKY epeTBOpIoBaYa Ta HaIpyry Ha Horo Kie-
Max. Lli Tpu XapakTepHUCTHKH MO3BOJAIOTH MOBHICTIO
BU3HAYUTH TapaMeTpH eJEKTPOAMHAMIYHOTO IEepPETBO-
proBava B €JIEKTPUUHIHN i MeXaHIUHiN YacTHHAX OKPEMO,
TOOTO BUMIPSITH MOBHUH €NEKTPUYHHUN IMIIEIaHC 1 IOB-
HMI MexaHIYHMH iMmemanc. ITicia Toro, sk iMmegaHcH
BU3HAYCHI, 3 HUIMU MOXHA ITPaIfOBaTH OKPEMO, Ta 3aCTO-
COBYBaTH pi3HI €KBIBaJCHTHI Kojia U ITOJAJTBIIOTO
BU3HAYCHHS! 0E3MOCepe/IHbO MapaMeTpiB MoJeli mepe-
TBOPIOBAYA.

II. BU3HAYEHHS ®I3MYHMX IIAPAMETPIB
IIEPETBOPIOBAYA

Jlns nemoHcCTparlii mepeBar 3HaXOMKCHHS (i3HUHUX
IapaMeTpiB IEPEeTBOPIOBaYa METOJOM BHMKOPHCTaHHS
napamerpa BL mpoBeneMO pPO3paxyHOK Ha IPHKIai
THUIIOBOTO  IIMPOKOCMYTOBOI'O  €IEKTPOANHAMIYHOTO
NepeTBOpIoBaya po3MipoM Tpu aroimu. Jlist qetansHoro
MO/ICTIOBAHHS €JIEKTPUIHOI KOJIUBAIBGHOI CUCTEMH OYJII0
obpaHo mozens Jxona Bannepkos [8], y sikiit komruiek-
CHHU OITip KOTYIIKH 3HAXOJHUTHCS SIK CyMa CTaTUYHOTO
o1opy Rpc, 4aCTOTHO 3aJIE)KHOTO aKTHBHOT'O OIIOPY KOTY-
KA Ryc(f) Ta 9aCTOTHO-3aJIeKHOT iIHAYKTHBHOCTI Lyc(f).
Lle no3Bossie BpaxyBaTH B MOJEI CKIaaHI (izndHi ede-
KTH, SIK-TO BUXPOBI CTPYMH, 1110 BUHUKAIOTh Y METAJIEBUX
YaCTHHAX MAarHiTHOI CUCTEMH.

BumipsBIIM MeXaHIYHUH iMIIEAaHC MEepeTBOpIOBava
OKPEMO BiJl CICKTPUYHOTO JJIs MOJACTIOBAHHS MEXaHIu-
HOI CHCTEeMH MOJJIMBO BUKOPHUCTATH CydYacHi OijbIm
CKJaJHI Ta TOYHI MOJEMI, ajie I HA0YHOCTI Ta MOKJIH-
BOCTiI TOPIBHATH 3alpOTIOHOBAHUI METOJ i3 METOJIOM
Joganoi Macu 0yJsio 0OpaHo KiiacH4Hy Mojensb [3] i3 cTa-
TUYHAMU 3HAYCHHAMHI MaCH PyXOMOi YaCTHHU M., 3ara-
JIbHOT €KBiBAJIEHTHOI THYYKOCTi Cyys TA MEXAHIYHUX BTPAT
R,.s. Byiemo BBakaTH J0JaHy Macy MOBITPs BKIIFOYCHOIO
0 M5, @ aKyCTHYHI BTPATH JI0 Rys.

Em[

Puc. 1 Enextpo-MexaHiqHa MOJEIb IEPETBOPIOBAYA

p Roc Rvc Lych

U = Bl I I F(P) = BLI(H)
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AKYCTUYHI IPUIJIAJU Ta CUCTEMH

VY sxocti 30ypKytodoro curnany E(f) 0yB BUkopucrta-
HUHA TOHAIBHUH CUTHAJ i3 JIOrapH(MIYHO 3pOCTAIOY0I0
gactoToro Bix 20 'y mo 2000 I'm, ammutiTymoro 0.1 V.
Bubip miama3oHy 4acToT 0OOYMOBJICHUH THM, IO TLTHKH
Ha HU3BKHX YaCTOTaxX yCi TOYKH TOBEPXHI MeMOpaHU
pyxaroTbcs cuH(a3Ho. Takoxk, Ha YAaCTOTaxX BHUIIKX 3a
2000 I'ry 3MitmeHHs pyXoMOi YaCTHHU € MEHIITUMH 32 PO3-
MOMUTBHY 3MaTHICTH Jla3epa, a 30UTbIICHHS BXiTHOI
Hampyry TpU3BeAe 0 aKTUBAIil HETiHIMHUX edekTiB
y IIepeTBOPIOBAYI.

KommnekcHuiA  eneKTpUYHuN  IMIIeZaHC KOTYIIKH
Zei(f) 3HaXOIUTHCS SIK CyMa aKTHMBHOTO Ta PEaKTHBHOTO
KOMITOHEHTIB!

Zy(f) = Rpc +Rec(N+ 728 Lie(F)

Posrnsigatoun nilicHy Ta ysBHY 4acTHHHU y piBHAHHI (1)
MO>XHA BU3HAYUTH OITiP KOTYIIKH Ta ii iHAYKTHBHICTb:

Rpc + Ry (f) =Real[Z,;(f)]
Imag[[Zyc(N)]] - @)
2nf

Take 3HaAXOHKCHHS YaCTOTHO-3AJICKHHUX (PIZWIHUX
mapaMeTpiB KOTYIIKHA NEPETBOPIOBAYA € HEMOXKITUBUM 32
JOTIOMOTOI0 KJIACHYHMX METOLIB IOJaHOI Mach abo
00’eMy, 110 € MIEPEBarok0 3ampOIOHOBAHOTO MiAXOTY.

Lyc(f) =

Ao + Ryl

35 o
200 400 600 800 1000 1200 1400 1600 1800 2000

YacToTa, My
i Lyl

w -

IHgykTHBHICTB, I

™

L L L L L L T
200 400 600 800 1000 1200 1400 1600 1800 2000
YacToTa, My

Puc.2 YacToTHa 3aeXKHICTb OIOPY KOTYIIKH Ta 1HAYKTHBHOCTL

Moay b NOBHOrO BXIAHOMO eNeKTPUYHOTC iMnepaHcy |Zm|

[—— Buipreann
12| | = = Meron noaasol MaccH
— — Merop smopacr ks BL
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YacroTa, My
Da3a NGBHOrG BXIRHORO SNEKTRMUHOrG iMNeaancy ang(Z, )

Buipmh
— — Meren aenanol Macc
— — Mevaa smopacrankn BL_|

YacroTa, Ny

Puc. 3 [TopiBHSHHS BUMIPSHOTO Ta 3MOJIEIHOBAHOTO MOBHOT'O BX1HOTO
iMnenancy Ztot

TABJINLA 1. TIOPIBHSIHHS [TAPAMETPIB KOJIMBAJIbHOI CUCTEMU ME-
TOJOM ITAPAMETPA BL TA METOJIOM JIOJIAHOI MACH

Meton napamerpa BL Mertoa qogaHoi Mmacu

Cepeo C) oap Cepeo Ci oap
3HaueHHA mue 3HAYeHHA mHe 6ioxu-
8iOXUIeHHA JIeHHA
fres, I 1T 140 0 137.2 0.34
Re, OM 3.54 4.76e-4 3.59 2.4e-4
L.,T 1.45¢-4 3.57e-6 1.39¢-4 7.68e-6
Bl, H/A 2.49 5.3e-3 2.43 3.8e-2
Mis, KT 2.8e-3 5.3e-6 2.7¢-3 8.4e-5
Chs, MVH 4.65e-4 8.89¢-7 4.9¢-4 1.7e-5
Runs, KT/C 0.65 1.2e-3 0.62 1.96e-3

Jlst OG1IbII HAOYHOTO TOPIBHSHHS METOIY IOJaHOT
MacHy Ta METOAYy BUKOPHUCTaHHS MapameTpa BL TopiBHS-
€MO BUMIpSHE 3HAYCHHS MMOBHOTO BXIJHOTO iMIICHAHCY
ZioyTa i1eHTH(DIKOBAHI MOJIETI TBOMA 3a3HAYSHUMH METO-
IaMU.

Sk moxxkHa moOaunTu Ha Puc. 3, meTon momaHoi Macu
Ta 3alpOIIOHOBAHUM METO] JOCUTH TOYHO MOJICIIOIOTH
BUMIPSIHUN TOBHUN BXiIHWHA EJNEKTPUYHUN IMITeIaHC
Zioi(f) Ha HU3BKUX YAcTOTaxX 1 Ha pe3oHaHci. 31 301IbIIeH-
HSIM 9aCTOTH KJIaCWYHA MOJIENb TIOKa3y€e 3HAYHY PO30iK-
HICTB 13 pe3ysbTaTaMH BHMIpIOBaHb, aJpke HE Oepe 10
yBard CKJaaHi (i3WdHI MpOIEeCH y MarHiTHIA cHCTeMi
IIepeTBOpIOBaya.

III.  TTOPIBHSIHHS YMCEJIbBHUX ITAPAMETPIB
KOJIMBAJIbHOI CHCTEMU PI3HUMU METOJIAMU

Jlst meMoHCTparlii mepeBar OMUcaHoro METOTy BHKO-
pucTaHHS mapamMeTpa BL Ta KIIACHYHOTO METOIY JOAaHOT
Macu OyJio TIPOBEACHO Cepilo i3 JeCATH BHUMIpIOBaHb
KOKHUM 13 METOJIB 1 PO3paxOBaHO CEpEIHE 3HAYCHHS
JUIST KOYKHOTO (Di3MYHOTO TapamMeTpa Ta BiIIMOBiHE 3HA-
YEeHHS CTaHIAPTHOTO BiIXHJICHHS.

Sk mMoxHa GauwTtu i3 Tabnwmi 1, cepenHi 3HAUYEHHS
pO3paxoBaHHUX MapaMeTpiB oOoMa METOoJaMHU € OJU3b-
KUMH OJWH 10 ojHOro. [IpoTe, cTaHmapTHI BigXHUICHHS
mapaMeTpiB, 3HANICHUX 3aIPOIIOHOBAHUM METOJIOM € Ha
MOPSAOK MCHITHMH. [le J0BOAUTH CTAaTHCTUYHY CTa01Ib-
HICTh Ta BUCOKY ITOBTOPIOBAHICTh BUMipPIOBaHb 3aIpoIIo-
HOBaHOTO MeToqy. Lle mocsraeThes 3a paXyHOK TOTO, IO
BUMIPIOBaHUI NEPETBOPIOBAaY (IKCYETHCS ISl BUMIpIO-
BaHHS OJHOPA30BO Ta HE ITiIIA€THCS MEXaHIYHUM BILIH-
BaM, Ha BIIMIHY BiJl METOJly JJOJI@HOI MacH, Jie JJIsl KOX-
HOTO HOBOTO BHMIPIOBAHHS IOTPIOHO JOJaBaTH Ta 3Hi-
MaTH JI0JIaHy Macy Ha MEeMOpaHy IepeTBOPIOBaYa.

BUCHOBKH

Jns  nmeMoOHCTpamii  mepeBar — 3ampOIIOHOBAaHOTO
METOJIy BUKOpHCTaHHs mapameTpa BL Oyito po3paxoBano
¢bi3uuHI TapaMeTpu MoJIeNi eJIeKTPOIMHAMIYHOTO TIepe-
TBOpIOBaYa Ta MOPIBHIHO i3 KIIACHYHUM METOJIOM iCH-
TUdiKaIii 3a JOMOMOTOI0 M0JaH0i Macu. MoJemoBaHHs
MTOBHOTO BXIJHOTO EIEKTPUYHOTO IMIENaHCy Zi«(f) 3a
JIOTIOMOTOI0 METOTy Tapamerpa BL mokasye, 1o pe3yib-
TaTd OJWXKYi 1O pealbHUX BHUMIPIOBaHb, HIK METOJ
JIOJTAHOT MacH, 0COOJIHMBO HAa YaCTOTaX BHIIE PE30HAHCY.
[TopiBHSHHS 3a TOIOMOTOI0 MeTOAy omTuMmizarii BL ta
Moneni BaHmepkost Ui MarHiTHOI CHCTEMH IIOKa3ye
MEHINy MTOXHOKY Ha BHCOKHX YacTOTaX SIK IS MOMIYJIS
MMOBHOTO BXIiJHOTO iMIenaHcy, Tak i it ¢a3u. Tum He
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MEHIII, TapaMeTpH 3HANICHI KIIACHIHAM METOIO0M J10/1a-
HOT MacH € OMU3BKUMHU JIO 3HAMICHUX METOAOM Mapame-
Tpa BL, 1m0 moBOIUTH HOTO MOIUIBHICTE IS IIBHIKHX
BUMIpIOBaHb Ha BUPOOHUIITBI.

3i CTaTUCTUYHOI TOYKHU 30py, OYJIO MPOJEMOHCTPO-
BaHO BHIIly CTaOUJIbHICTh METOy BUKOPUCTaHHS rapame-
Tpa BL, BUCOKY TOBTOPIOBAHICTH PE3yIbTATIB Ta MEHIITY
CTaTUCTUYHY NMOXHOKY IOPIBHSHO i3 METOJOM JOAAHOi
macu. KpiM Toro, 3Ha4uHOIO MepeBarol MEeToJy mnapame-
Tpa BL € MOXIHBICTH HOTO BUKOPUCTAHHS JIJIsI MiHIATIO-
PHHUX TEepeTBOPIOBAaYiB ab0 IMEepeTBOPIOBAYIB 13 IyXKe
TeHaiTHUME MeMmOpanamu (BY mepetBoproBaui). ToOTo
Y BCIX BUMAAKAX, AJIs AKUX Qi3MUHE BTPYUaHHS 10 PyXO-
MoOi YaCTHHH (J1071aBaHHSA MacH a00 00°eMy) € IPAKTHIHO
HEMOJKIIUBUM.
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Abstract— The task of finding the physical parameters of electrodynamic transducers is an integral part of the process
of development and production of speakers [1,2]. The most popular method for this is the added mass method proposed by
Neville Theel and Richard Small. This method is simple and reliable to use, does not require expensive technology and
considerable computing power. But its biggest disadvantage is the direct addition of mass to the moving part of the con-
verter, which can damage it and very often is practically impossible.

The paper proposes a method of using the parameter BL (the product of the induction in the gap of the magnetic circuit
and the inductance of the sound coil) is based on measuring the displacement of the moving part of the converter, as well as
the current through the coil of the converter and the voltage at its terminals. These three characteristics make it possible to
fully determine the parameters of the electrodynamic converter in the electrical and mechanical parts separately, ie to meas-
ure the total electrical impedance and the total mechanical impedance. Once the impedances have been determined, they
can be handled individually, and different equivalent circuits can be applied to further determine directly the parameters
of the converter model.

To demonstrate the benefits of finding the physical parameters of the converter, using the BL parameter, an example of
a typical three-inch wide-band electrodynamic converter was calculated. For detailed modeling of the electrical oscillation
system, the model of John Vanderkoy was chosen, in which the complex resistance of the coil is the sum of the static
resistance of the RDC, the frequency-dependent active resistance of the coil RVC (f) and the frequency-dependent induct-
ance LVC (f). This allows the model to account for complex physical effects, such as eddy currents that occur in the metal
parts of the magnetic system.

A series of ten measurements were performed by each method and the mean for each physical parameter and the cor-
responding standard deviation were calculated.

Simulation of the full electrical input impedance Ztot (f) using the BL parameter method shows that the results are closer
to real measurements than the added mass method, especially at frequencies above resonance. Comparison using the BL
optimization method and the Vanderkoy model for the magnetic system shows less error at high frequencies for both
the full input impedance module and the phase. However, the parameters found by the classical method of added mass are
close to those found by the method of the parameter BL, which proves its feasibility for rapid measurements in production.

From a statistical point of view, the stability of the BL parameter utilization method, the high repeatability of the results,
and the smaller statistical error compared to the added mass method were demonstrated. In addition, a significant
advantage of the BL parameter method is the ability to use it for miniature converters or converters with very fragile mem-
branes (RF converters). That is, in all cases where physical interference with the movable part (adding mass or volume) is
practically impossible.

Keywords — electrodynamic converter; parameter BL; added mass.
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