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RESEARCH OF QUASIDYNAMIC CHARACTERISTICS OF RING LASER MIRROR WITH
PIEZOCORRECTOR USING WHITE LIGHT INTERFEROMETER “RELIEF”

The object of investigation are spherical mirrors of one- and two-membrane design, which are elements of ring
lasers. Such lasers are used for various metrological purposes. Change in a shape or position of the laser cavity
mirror substantially affects the stability of the frequency of the emergent radiation.

The aim of this work is researching of the dynamic characteristics of the membrane mirror using white light
interferometer. Dynamic characteristics are meant as linear and angular displacements of a reflecting surface and its
shape deformation. These characteristics make it possible to carry out an objective analysis of the different variants
of membrane mirror design and optimize it.

There was two mirrors design have been researched: one-membrane and two-membrane type.

The results of prototypes parameters measurement have shown that reflecting surface undergoes linear and angular
displacements and changes its radius of curvature.

Keywords: laser mirrors, ring laser, white light interferometer.
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JOIIUIEPIBCHKOI'O AHEMOMETPA Y3I'O/DKEHHAM PO3CIAHUX
XBWJIb 3A IHTEHCHUBHICTIO
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B pobomi nioguujents eaubunu MoOyiaAyii CueHauy aa3zepHoco O0onniepiscokoco awemomempa (JI[A) ma
MOYHOCMI GUMIPIOBAHHS WEUOKOCHI NPONOHYEMbC NPOGOOUMU 3d PAXYHOK 300e3neueHHs. Y3200ICeHHs PO3CIAHO20
BUNDOMIHIOBAHHS 30 IHIMEHCUBHICTNIO.

s yvoeo 3amicms anepmypHoi diagppazmu nponoHyembes 6CMAHOBNIO8AMYU Qilbmp, WO He NPONYCKAE 00
Gomonputimaia po3cisine GUNPOMIHIOBAHHS 3 HUZLKOI CIMYNEHIO Y3200HCEHHSL.

s eusnauenns popmu Qinbmpy cknadena npospama 3a 0ONOMO20K0 AKOI ModcHa 3a meopicio Jlopenya-Mi
pO3paxyeamu  CKAa008i PO3CISHUX XG6Ulb, 3HAYEHHs KoeQiyieHma amniimyoH020 Y3200HCeHHS Md BUOHOCHII
OONNIEPIBCLKO2O CUSHATY.

Ilpeocmaeneni popmu ¢hinompis ons JIJA, wo eunyckaiomvca ¢pipmamu TSI Inc. ma Intelligent Laser
Application GmbH ILA GmbH.

Kniouosi cnosa: nazep, anemomemp, donniepiecokutl, Qinomp, iHmeHCUGHicme.

Beryn

B asiamiitHiil, cymHOOyIiBHIN, KOCMIiYHIN Ta
IHIIUX Tally3sX HAYKH 1 TEXHIKH Ui JOCHIKCHHS
MOTOKIB Ta3iB Ta piAMH 3HAWIIIM 3aCTOCYBaHHS
nasepHi pommiepiBceki aHemomeTrpu (JIJIA), ski
TOPiBHIHO 3 TpaauIiHHUMH 3acobamu
BUMIPIOBAJIbHOI TEXHIKM MAalOTh BHIIY TOYHICTH,
MBUAKICT Tii Ta 9yTiauBicTh. JIJIA 3aCTOCOBYIOThCS
JUTSL  BUMIPIOBAHHS  IIBUAKOCTI  JTO3BYKOBUX  Ta
HAQ/3BYKOBUX aepOAMHAMIYHMX TIOTOKIB I dHac
JOCIIJKCHHST HOBHUX THIIB JITAJIGHUX AamapaTiB Ta
€JIEMEHTIB I1XHBOI KOHCTPYKIIi, U JOCIHIIKEHHS

XapaKTEepUCTUK Ta30BUX TypOiH, YIapHHUX XBHIIb,
XapakTepy Tedii PiJMHU Yy NPUCTIHHIA oOmacti Ta B
iHmmx cgepax [1].

JITA BUrOTOBISIOTBCS PAAOM (ipM, 10 SKHX
BigHOCATRCS TSI Inc. [2] (CIIIA) Ta Intelligent Laser
Application GmbH ILA GmbH [3] (Himeuunna).

[punann, mO TPOMOHYETHCS BHPOOHUKAMH,
MIPU3HAYCHI U PI3HOMAHITHUX 3aCTOCYBaHb B HAyIll
Ta TEXHIII.

OcobmuBicTio pobotn JIJIA € Te mo BiH
Oe3rnocepeHbO0 BUMIPIOE HE IIBUJAKICTH IIOTOKY, a
MIBUAKICTH MIKPOYACTHHKH, 110 PYXA€THCS OJTHOYACHO
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3 motokoM. Tomy Juis 3a0e3rmedeHHs HEeoOXiqHOI
TOYHOCTI  BUMIpIOBaHb  omHodacHO 3 JIIIA
3aCTOCOBYIOTBCS reHepaTopu OJTHOPITHUX
MikpogacTuHok. Tax d¢ipma TSI Inc. Bumyckae
JeKiTbKa MoJeNell reHepaTopiB, IO (HOpMyrOTh
MIKpOYaCTUHKA HEWJIOHY, TOJICTHPONY, IyCTOTiII
CKJISTHI MIKPOYaCTHHKH Pi3HOTO JiaMeTpy.

Tounicts BHMIPIOBaHHS IIBUIKOCTI 3a
noromoror JIJIA 3ameXuTh TakOX 1 BiJ TOYHOCTI
BUMIPIOBaHHS YaCTOTH JONIUIEPIBCHKOTO CHTHANY [4].
B cBolo dyepry Ha TOYHICTH BHUMIPIOBaHHS YacTOTH
CHUTHAJTy BIUIMBAa€ BIJHOLICHHS CHTHAJ/3aBaja Ta
KoedimieHT rMONHN MOAymALii (BUIHICTH) CHUTHANY.
Jlist miABMINEHHS CTYNEHS Y3rOJDKEHHsI PO3CISHUX
XBWIb 3a iHTeHCHBHicTIO B JIJIA masepHuii mpomiHp
MOAUISIOTh HA JBI PiBHI YacTWHH. AJie 3a0e3MeqnTH
Y3rOKEHHSI ~ pPO3CISTHOTO  BUIPOMIHIOBaHHSA 32
IHTCGHCHBHICTIO TaKMM 4YHWHOM He BJaeThes. lle
MOSICHIOETBCS.  THM, IO  MIKPOYacTHHKa,  sIKa
3HAaXOJUThCS B BUMiploBaJIbHOMY 00’emi JIJIA,
OIIPOMIHIOETECSL ABOMA JIa3€PHUMH TIPOMEHSAMH IIiJ
PI3HMMH KyTaMU 1 IHIMKATpUCH PO3CisHHSA [5] Bix HUX
HE CIIBIAaIOTh.

ITocranoBka 3aaayi

B JIIA po3cisiHe MiKpPOYaCTHHKOIO
BUIIPOMIHIOBaHHS 30MpaeThCS IPUMMAaJILHOIO
ONTHUKOI0 Ta TEPETBOPIOETHCSA (OTOMpHiMadeM B
eJeKTPUYHUM CHUTHaN, ¢GopMa SKOTO IOKa3aHa Ha
puc. 1.

[f

Ud

1

Puc. 1. dopma mommiaepiBCBKOTO CHUTHATY HpHU
MIPOXO/PKEHHI  Kpi3b BUMIPIOBAJIBHUI 00’€M
omuiei MmikpouactuHkr; Uy — BHCOKOYAacTOTHA
JomuiepiBcbka  ckiamoBa; U, - mocriiiHa
CKJIaJI0Ba CUTHAITY

Bunnicts JIOTIUIEPIBCHKOTO CUTHAITY
BH3HAUYAETHCS  BIJHONIECHHSAM aMIUNITYAX 3MiHHOL
CKJIQJIOBO1 JI0 aMIUTITyAW WOTO TMOCTIMHOI CKJIamoBOi
V=U,/U,.

Juis  BH3HAa4YCHHS 3MIHHOI Ta  IOCTIHHOI
CKJIaJIOBOT  JOIIUICPIBCBKOTO CHUTHANTY HEOOXiTHO
po3paxyBaTu IHTCHCUBHOCTI po3cisHOTO
BUIIPOMIHIOBAHHSI BiJl IBOX JIa3€PHUX IIPOMEHIB.
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B po6orti [6], TeopeTHUHO Ta eKCIIEpUMEHTAIbHO
MOKa3aHO, [0 BUAHICTH JOMIUIEPIBCHKOTO CHTHATY
3aJeKUTh  BiJA  CIIBBIJHONICHHS  IHTEHCHBHOCTI
PO3CISTHUX MIKPOYaCTHHKOIO JIa3epHUX IPOMEHIB.

Crynens Y3IOJKEHHS po3cistHoTO
BHIIPOMIHIOBaHHS 3a IHTEHCHBHICTIO, 10
NpUHMAeTBC B MeEXax ameprypHoi miadparmu,
XapaKTepu3yeTbesi  Koe(illieHTOM,  SIKMH ~ MOXKe
3MmiHroBaTUCh Big 0 10 1 [6]:

ka :2 Isllsz/(lsl+|52) ’
ne: gl IHTEHCHBHOCTI PO3CISIHUX XBHJIb Bij
MIEPIIOTO Ta APYTOr0 JIa3ePHOTO IIPOMEHS.

Ane B JIIA mudepenuiansHoro THmy [6] B
KO>KHOMY HaIpsIMKy PO3HOBCIOJUKYIOTECS JIBI pO3CisiHI
XBWJI, IO MAalOTh pi3HYy IHTEHCHUBHICTb. 3aBISIKH

IbOMY 3HAUYEHHS |(a Oy/ne 3MiHIOBaTHCh B 3aJIEKHOCTI

Bif HaIpsIMKyY npuiMaHHA PO3cisTHOTO
BHITPOMiHIOBAHHS. Hiametp chepuaHnX
MIKpOYaCTHHOK, SIKi BHKOPHCTOBYIOThCS B JIJIA,
cranoButh 2 — 10 wmxm. Tomy pospaxysatu
IHTCHCHUBHICTh ~ PO3CISSHUX  XBWJIb  MOXHa  3a

JIOTIOMOT 010 Teopii poscistaas JlopeHma-Mi.

Jis  3abe3nedeHHs Y3rOPKEHHS PO3CISHOTO
BUIIPOMIHIOBAHHS 3a IHTCHCUBHICTIO IIPOIOHYETHCS
BU3HAYNTH 30HU arepTypHoi niadpparmm JIJA, B
MeXax SKUX Ma€ Miclie HU3bKe 3HaueHHs KoedilieHTta
aMILTITYJHOTO y3TOJDKeHHs. [1OTiM IS TiIBUIICHHS
BU/IHOCTI JIONIUIEPIBCBKOTO CHUTHANy IO YacTUHY
PO3CIisSTHOTO BUIPOMIHIOBaHHS HOTPiOHO HE
mpomyckaTd a0  (doTompuiimMada 3a  JIOTIOMOTOIO
¢iTbTpa, MO0 BCTAHOBIIOETHCS 3aMICTh AamepTypHOL
nmiapparmu JIJTA.

Po3paxyHok dopmu piabTpa

Bynemo BBaxkary, 110 y BUMipIOBAILHOMY 00’ €Mi
JIJA B KO’KEH MOMEHT 4acy 3HAXOJWUThCS HE OlIbIIe
OJHi€T MIKpOYaCTHHKH (OJHOYACTHHKOBHH pEXHUM
pobotn JIJIA). [ns po3paxyHKy i1HTEHCHUBHOCTI
PO3CISTHUX XBWJIb BHKOPHCTOBYEMO JBI CHCTEMH
KOODPJMHAT, Ki ITOB’s3aHi 3 30HIyI0OYMMH NPOMEHIMHU
JITA (puc.?2). JliHiifHO TOJNSIPU30BaHI Ja3epHi
MIPOMEHI PO3MOBCIOIKYIOTECS BIOBXK oceit Oz, Ta Oz,.
Ilonmoxenns  ameprypHoi miadparmMu  3amaeTscs
kyramu 6, Ta ¢, a HampsAMKH, B JUI1 SAKUX
BU3HAYAIOTBCSI CKJIAZ0BI PO3CITHUX XBHJIb B MEXax
anepTypHoi xiagparmu, 3a1al0ThCsl KyTaMH & Ta O .
[IpuBoarMO ABI CUCTEMHU KOOpAMHAT A0 oxHiel. Jlns
OO 3/IHCHIOEMO TOCITIJJOBHO ITOBOPOTH CHCTEMH
koopauHaT OXpy, Ha kytu ¢, T1a 0,. Ilotim
BU3HAYAEMO KYTH TiJl SKHMH PO3MNOBCIOJUKYIOTHCS
poscisHi xBuni 0, @; Ta O, @,

[Micns 1pOro MokHa BH3HAYUTH  CKJIAJIOBI
PO3CISTHUX XBHJIb, SIKi ITpU I} >> A NOPIiBHIOIOTH:

E e’kcri A ik
=K~ ___F (g,)sine e,
Pxi k r

cli
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B Ekoe’kcrl
O L .
) K",

ne: k=12; Eo

SJIEKTPUYHOTO MOl 30HAyIo4nx mnpomeHis; E, (6,;),

o
E,(6,)cose e ",

MOJyNi  HalpyXeHOCTi

E,(6,;) — Moayni KOMIUIEKCHUX aMILTITYA PO3CITHUX
XBWJIb, SAKi PO3PaxOBYIOTBCS IO PEKypeHTHUM
dopmyuam [6];

V, — YACTOTH PO3CISHUX XBUJIb; Oy, O — MOYATKOBI

(hasu po3CiTHUX XBWIIb SIKi JOPIBHIOIOTH:

S = afCth, 5y =arctg IME, ()
Re El(Hki) ReE, (Hki)
A
z, bz,

Puc. 2. Cuctemu xoOpAMHAT, B SKMX BH3HAYaIOTHCS
CKJIaJIOB1 PO3CISIHUX XBUIIb

B pesynbraTi nepeTBOpeHHsI CUCTEM KOOPJIHMHAT,
o0 TMOB’s3aHI 13  30HAYIOYUMH  IPOMEHSMH,

CJNIEKTPUYHI BEKTOpH poscisuux xswib E, . E,
E
PO3BEpHYTH BiTHOCHO OAWH OJHOTO Ha JNESKHUH KyT.
i1 momanemmx po3paxyHKiB HEOOXiTHO NpUBECTH

CKIIQJIOBI JAPYroi po3cisHOi XBWII J0 TepIioi 3a
JIOTIOMOTOI0 MaTPHIIi:

Ew3 _ [bn b12:| E<02
E93 by by Eez .

Bynu Bu3Ha4YeH] eIeMEHTH MaTPHUIl IPUBEICHHS:
by = Cy8y, +Cppdy, +Cpedsy,

by, = Cpraus +Cprds,

by = Cyyy, + Cyply, +Caslsy,

by, = Cyy@y5 + Caplng,

o E92| 3HAXOMATHLC B OAHIA INIOIIMHI  ajie

Ac:
a,, =C0s6, Cose,,

C, =C,COSE+C,sinysin& +c¢,siny cosé,
a,, =sing,sing,,
C,, =—C,Sin&+C, CoSy COSE +C. COSY,

a,, =Ssing,, Cypy =—C, SiNy +C, COSY,
a,=-sinf,, €y, =-C,SiNy+C,COSyCOSE,
a,; =C0SQ,, Cyp =—C,SINE,  Cyuy=-C.SiNYy,
A

€, =C€0s6,cosg,, C, =—sing,,
c, =siné,sing,, ¢, =CoSy,.
c;=-sing,,
[Ticns 1pOro MoKHA BU3HAYUTH KOEQIIliEHT
aMIDTITYJHOTO  Y3TO/DKEHHS PO3CITHUX XBWJIb Yy

BHIIA/IKy MPUHMaHHS PO3CiSHOTO BHIIPOMIHIOBAaHHS B
MeKax KyToBoi aneprypu Aa [7]:

Ky = 2\[ Laileai /(g + Lz),
ze: I, = (E;“ + Eél), I, :(Eai. + E923|) -
IHTCHCHUBHICTh PO3CITHUX XBHWIb NPH TNpHHOMI X B
KYTOBilf anepTypi Ao B Mexax SKOI MOXKHa BBaXKaTH,
110 BOHM HE 3MIiHIOIOThCS. POo3paxyHKH Mmokasanw, 1o
UL MIKpO4YacTHHOK pmiamerpoM 1 — 10 MkM Ac
MOXHa NpuiHsTH piBHEM 7' 30”.

Jns BusHaueHHs ¢opmu ¢impTpa Oyna
HampcaHa Tporpama (YHCJIOBE BHUIIICHHS 3aaadi
poscistHHs  JlopeHma-Mi  MOXJIMBO — TUTBKH 32
nonomoroto EOM). 3a pmomomororo miei mporpamu
MOXKHA pPO3paxyBaTh CKJIAJOBI PO3CIIHUX XBWIb, a
TaKoXK 3HaYeHHs K, Ta BUJIHOCTI JONIUIEPIBCHKOTO

curmany V. Pospaxynku ¢opmu ¢inbTpa s
KOHKpeTHOi cxemu audepenuiiinoro JIIA MoxHa
MIPOBO/INTH BCTAHOBJIIOIOYM OOMEXEHHS Ha CTYIiHb
Y3TOJUKEHHS PO3CISIHUX XBWIIb 32 IHTEHCHBHICTIO.

B sxocti mpukinamy Ha puc. 3 mpencTaBieHi
dbopMu inbTpiB, MO pPO3paxoBaHi 3a JOMOMOTOIO
HaIMCaHOi MporpamMu ISl OJHOKOMIOHEHTHUX JIJIA
tury Power Sight TR-SS-1D-561[2] (puc. 3a) Ta
LDV-Profile Sensor [3] (puc. 30).

®opma ¢inbTpiB po3paxoBaHa 3a YMOBH, IO
Ha (oTompHuiiMay HANPaBIAIOTHECSA TUIBKH Ti PO3CisHI
XBWII, Ui SIKHX  3a0e3nedyeTbcsl  3HAYCHHS
koe(illieHTy y3TroJKeHHs 3a IHTeHCcuBHIcTIO K,; > 0,3.

PospaxyHkn  mokaszanmm, KO Ipuiiom
PO3CISIHOTO BHIPOMIHIOBAHHS 3IHCHIOETHCSI B TIOBHIH
KyTOBilf amepTypi, TO BHIHICTh IONIUIEPIBCHKOTO
curHany oyne nopieatoBatu V = 0,04 mns JIJIA [2] Ta
V =0,45nm1s JIJA [3], mo He J03BOJIIE TOYHO
BHUMIPSATH 9aCTOTY CHTHAJIY i3-32 BIUIMBY 3aBaj. SIKIIo
BCTaHOBUTH (inbTpH, ¢(opma SKMX TOKa3zaHa Ha
puc.3, TO  KoediieHT TIUOMHH  MOJIYJIAIIL
36impimyerses o0 V =0,3 i JITA [2] ta V =0,76
st JIAA [3]. Tpu wpomy 3pocrae koedimieHT
Y3rOJUKEHHS ~ PO3CISIHOTO  BHUIIPOMIHIOBAaHHA 32
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inTeHcuBHIicTIO BimnosigHo 3 Kk, =0,35 mia [2] Ta

k,=058 mms [3], xomm anmeprypra miadparma

Puc. 3. ®opmm ¢ineTpiB, 1O po3paxoBaHi 3a

ISSN 0201-744X, ISSN 0321-2211
0601 00pOOKU cuzHaie

nosHictio Bigkpura, 10 Kk, =080 gux [2] Ta
k, =0,83 mus [3] npu Bukopucransi ¢ineTpis.

I
|
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I
I
I
|
+
I
|
I
I
I
I
|
|
|

0

yMOBH 3a0e3neueHHs Koe(illieHTa y3rO/DKEHHS 32

inteHcuBHicTioK,; >0,3; a — ¢inmetp mas JIJA tunmy Power Sight TR-SS-1D-561 (poscisHHs Ha

mikpouacturiii omuBd d = 7 mim); 6 — ¢inetp mis JIJA tumy LDV-Profile Sensor (poscisHHS Ha

MikpouacTuil onuBu d = 3 MKM)

BucHoBkn

TakuM YMHOM MOXHA BBaXaTH JOLUIBHUM
pospaxyBatu (QinbTp B 3aJEKHOCTI BiI YMOB
NPOBEJICHHsT BHUMipioBaHb, mnapamerpis JIJIA Ta
XapaKTepUCTUK ~ MikpodacTnHOK. lle  mo3BoiuTh
MABUIIATH Koe(iIieHT TIIMOUHA MOIYJISIIT
JIOTIIUIEPIBCHKOTO CHUTHAIY Ta TOYHICTH BUMIiPIOBaHHS
IIBUKOCTI MTOTOKY.

Azne B JIJIA mudepeHIiansHOTO THITY B KOXKHOMY
HamnpsIMKy PO3IMOBCIOKYIOTHCS JIBI PO3CISTHHI XBWIII,
110 BiJIPI3HSAIOTHCA HE TiNBKU 3a IHTEHCUBHICTIO aJie i
3a craHoM mnojsipu3anii. Tomy B momanbmriii poGoTi
NIPOTIOHYETHCS JIOCHIJUTH BIUIMB CTaHy HOJISpU3aLii
PO3CisSTHOTO BUIIPOMiHIOBaHHS Ha curHai JIJIA.
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[TOBBIIEHUE T'JIYBUHBI MOAYJIALIUN CUTHAJIA JIASEPHOI'O JJOIJIEPOBCKOI'O
AHEMOMETPA COI'JTACOBAHUEM PACCESHHBIX BOJIH ITO MHTEHCHUBHOCTU

Jlazepupie noruiepoBckue anemomeTpbl (JIJIA) mnpuMeHsIOTCS U M3MEPEHHS CKOPOCTH JO3BYKOBBIX U
CBEPX3BYKOBBIX a3POJHMHAMHYECKHUX IOTOKOB TPH HCCIIEAOBAHUH HOBBIX THUIIOB JIETATEIHHBIX alllapaToB M APYTUX

o0acTax.

Jna ymenpmenns norpemHoctd JIJIA, xoTopas BBI3BIBAE€TCSI HE COOTBETCTBHEM CKOPOCTH MHKPOYACTHIBI U
CKOPOCTH TTOTOKA B IOTOK BBOAST MUKPOYACTHIIBI 33 JaHHOTO pa3Mepa.
Tounocts n3mepenns JIJIA Takxke CymeCTBEHHO 3aBHCUT OT OTHOIIEHHS CHTHAJ/IIYM M Ko3(h(UIMEeHTa TITyOHHBI

MOAYJIAIUU JOMIJIEPOBCKOT0 CUT'HAJIA.
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Ha oTHOmeHue curHan/ioym BIIMSIET COOTHOIICHHE MHTEHCUBHOCTH PACcCESTHHBIX MHUKPOUYACTHIEH BOJH OT JIBYX
JIa3€pHBIX JIy4yeH.

s obecriedeHnsT BHICOKOH CTETIEHM COTJIACOBAHMSA IO MHTEHCHBHOCTH PACCESHHBIX BOJIH ITPEAJiaraeTcs BMECTO
anepTypHOil quadparMbel HCHOIB30BaTh GUILTP. C MOMOIIBI0 (GUIBTPa MOKHO HE MPOMYCKaTh Ha (POTONPHEMHHUK
paccessHHBIE BOJIHBI ¢ HU3KUM COTJIACOBAaHMEM I10 HHTEHCHBHOCTH.

Jnst onpenenenus Gopmsl GuiibTpa COCTaBiIeHa NMPOTrpaMma, MO3BOJAIOIAS paccuuTaTh o Teopuu JlopeHuna-Mu
COCTABIISIONIIE PACCESTHHBIX BOJH, KOAQQHUINEHT UX aMIUIUTYIHOTO COTIIACOBAaHMS M BUIHOCTH CHT'HAJIA.

B xauectBe mpumepa paccuutansl Gopmbl GuiabTpoB s JIJIA, Beimyckaemble dupmamu TSI Inc. (CIHA) u
Intelligent Laser Application GmbH (I'epmanus).

enecoobpasno BMecto anepTypHoil nuadparmel B JIJJA ycraHaBIMBaTh aMIUIMTYIHBIH QHIBTP. DTO MO3BOJHT
MOBBICUTH KO3((GHUINEHT rITyONHBI MOIYIIALUH JOTUIEPOBCKOTO CUT'HAJIA M TOYHOCTHh W3MEPEHHUS] CKOPOCTH MOTOKA.
KaroueBsie cioBa: aszep, anemomerp, Jloruiep, puibTp, HHTEHCUBHOCTD.
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INCREASING THE DEPTH MODULATION OF THE LASER DOPPLER ANEMOMETER
SIGNAL BY MATCHING THE SCATTERED WAVES BY THEIR INTENSITY

Introduction

Laser Doppler Anemometers (LDA) are used to measure the velocity of subsonic and supersonic aerodynamic
streams during testing of new types of aircraft, to study the characteristics of gas turbines, shock waves, the nature
of fluid flow and in other areas.

Formulation of the problem

The accuracy of the LDA measurement also depends significantly on the signal to noise ratio and the Doppler signal
modulation depth factor.

The signal to noise is also affected by the intensity ratio of two laser beams waves scattered by micro particle.
Generators of homogeneous micro particles are used to reduce the error of the LDA caused by the mismatching
micro particle velocity and the velocity of the investigated stream. With the help of these generators, micro particles
of a given size are introduced into the stream.

The separation of laser radiation in the differential LDA into two equal parts, which is currently used, does not
ensure the coordination of scattered radiation by intensity.

Calculating the shape of aperture filter

In order to ensure a high degree of amplitude coordination, instead of aperture diaphragm, it is proposed to use an
aperture filter that does not allow the photo detector to receive scattered waves with low amplitude coordination.
The method of calculating the intensity of scattered waves received within the aperture diaphragm is presented.

To determine the shape of the filter a program was made which allows calculation of components of scattered
waves, the values of the amplitude matching coefficient and the Doppler modulation coefficient using Lorenz-Mie
scattering theory.

Calculated forms of filters for LDA manufactured by TSI Inc. (USA) and Intelligent Laser Application GmbH
(Germany) are presented.

It is advantageous to calculate aperture filter, depending on the parameters of the LDA and characteristics of the
micro particles, and install it instead of the aperture diaphragm. This will increase the Doppler signal modulation
depth and the accuracy of the measured flow rate.

Summary

In the subsequent work it is necessary to investigate the effect of scattered radiation polarization on the LDA signal
proposed.

Keywords: laser, anemometry, Doppler, filter, intensity.
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