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Cuctema aBTOMaTM4YeCKOM perysimpoBKU aMnnuTyabl Kone6aHum
AnAa ogHokonbueBoro RC-aBToreHepaTopa

E.M. Topuna

RC-aBroreneparopsl (RC—Al") rapMoHnYecKuX KojaeOaHUH JTaBHO U3BECTHBI M HCIONB3YIOTCS B Pa3IMYHBIX 001acTAX paiuoTeXHUKU. OHH
HaIlUTH TIPIMEHEHNE B METUIIMHCKOH TEXHHUKE, Pa3JIMYHbIX JaTIHKaX, H3MEPUTEIIbHOM TeXHHUKe U 1Ip. OCHOBHBIMU UX JJOCTOMHCTBAMH IIPH
paboTe B Mana3oHe OT KOPOTKUX JO JUIMHHBIX BOJIH SIBJISIFOTCSI MJIble TabapuThl, IPOCTOTA W JICIIEBU3HA N3TOTOBICHUS, BO3MOXKHOCTD
MIAPOKOH MePeCTPOHKN YaCTOTHI H JIP.

B mpegpinymux padotax paccMOTPEHBI BapHAHTHI MOCTPOEHMS TAKUX CXEM, B TOM UHCIIE CaMbIX MPOCTBHIX U3 HUX — OXHOKOIBIEBBIX
RC-AT. Tloka3aHo, 4TO OCHOBHBIM HeziocTaTkoM AT’ Takoro Tuma npu GopMHpPOBAaHUM CHI'HAJIOB, OJIU3KMX K FAPMOHUYECKUM, SIBIISCTCS
HEOOXOMMMOCTb PabOThl ¢ OYEHb MaJbIM 3allacoOM IO CaMOBO30YXICHHIO. YBEJIMYEHHE 3araca BeeT K HeM30eKHOMY POCTY BBICIIHMX
TapMOHUK, NCKa)KCHNIO BBIXOJTHOTO CHTHAJIA ¥ CPBIBY KOJICOAHMUIT, OATOMY /ISl TOTyYESHUs] YCTOHYMBOTO CTAI[MOHAPHOTO PeXXuMa HeoO-
XOAMMO IpUOETaTh K JOMOTHUTEIBHEIM NTpreMaM. OIHUM U3 TaKUX IPHEMOB SBISICTCSI aBTOMAaTHIECKas PEerylupoBKa aMITTATYAbI (APA).
BBox cxemsr APA 103BoJIS€T ynpaBisATh aMILIUTYAOH BBIXOJHOTO CHTHAJIA TeHEPaTopa, MO3BOJISA TeM CaMbIM YBEIHMUYHThH 3amac Mo caMo-
BO30Y’K/I€HNIO B HAYAJILHBIH MOMEHT BPEMEHH U BO3BPAIIATh AMILTUTYJIE HY’)KHOE 3HaYEHHE B yCTAHOBUBIIEMCS PEXKUME.

IIpencraBieH BapHaHT MMOCTPOCHUS TAaKOW CHCTEMBI Ha MPUMEPE OJHOKOJIBIIEBOTO aBTOTEHeparopa ¢ MOCTOM BuHa B memnm oOparHOi
cBs13u. BaxkHOl 3a1aueli mpu npoekTHpoBaHUU cucteM ¢ APA sBisieTcst aHaIN3 UX yCTOHYMBOCTH M BBIOOP IIOCTOSTHHBIX BpeMEHH (DyHK-
IOHAIBHBIX Y3JI0B, BXO[SIIMX B crucTeMy. CymecTByeT MHOTO METONOB JUIS MCCIENOBAaHMS yCTOWIMBOCTH cucTeMbl APA m Bcex mx
00beaNHACT HEOOXOAMMOCTD cocTaBlIeHH TuddepeHanbHbx ypaBHeHur (1Y) cuctemsl. [lpuBeneH BapuaHT penieHUs TAKOW 3aJa4H.
[lonyuena cucrema nuddepeHraIbHbIX ypaBHEHUH, ONMKChIBatoIas padoTy aBToreHeparopa ¢ cucremoit APA. C momolbio Hee, HCIob-
3ysl KpUTepUi ycToiunBocTH ['ypBHIa, pelieH BONpoc BHIOOpa MOCTOSHHOW BpeMeHn (uiibrpa HKHUX dactoT (OHY) ammmntynHoro
nerexropa (AJ]), Bxomsmiero B cuctemy APA. [Tokasano, aro BeIO0p nocrostuHo# Bpemenn @HY Al orpanuueH, ¢ 0fHOH CTOPOHBI, Tpe-
00BaHMAMH K pabOTe aMIIUTYIHOTO IETEKTOpa, C APYTOii, — obecredueHneM ObICTpoii peakiueii cucreMbl APA Ha H3MEHEHHE aMILUTUTY (B!
HampspKeHus reHepaTopa. [lomydyensl BpeMeHHbIE THarpaMMbl PeakIny CHCTEMbl Ha M3MEHEHNE aMILTUTY/IbI HANPSHKEHUST TeHepaTopa
(ha30BBIi HOPTPET CUCTEMBI.

Knouegvie cnosa: RC-aBToreHepaTop, CUCTEMa aBTOMaTHUECKOW PEryJIMPOBKH aMIUIUTY/IbI, YCTOMUUBOCTH aBTOI€HEparopa.

Jlna yumuposanus: Topuaa E.M. Cucrema aBTOMaTHYeCKON pEryIHpOBKU aMIDIATYIB! KoJIeOaHUH st OAHOKOJbIeBoro RC-aBroreHeparopa //
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The Automatic Amplitude Control System for a Single-Loop
RC Oscillator

E.M. Torina

Harmonic RC oscillators have long been known and are widely used in various fields of radio engineering. They have become widely used
in medical equipment, various sensors, measuring equipment, etc. Their main advantages in operating within short to long wave frequency
bands are compact dimensions, simplicity and low cost of manufacturing, possibility of widely retuning the frequency, etc.

In our previous articles, we examined several versions of such circuits, including single-loop RC oscillators, which are the simplest ones. It was shown
that the major disadvantage of such self-oscillators in generating close-to-sinewave signals is the need to operate them with a very small self-excitation
margin. An attempt to increase the self-excitation margin inevitably leads to a growth of higher harmonic components, distortion of the output
signal, and failure of oscillations. As a result, additional techniques must be used to secure stable steady-state operation. One of such techniques is
automatic amplitude control (AAC). With the AAC circuit switched in operation, the generator output signal amplitude is controlled, due to which
a larger self-excitation margin is obtained at the initial time instant, and the required amplitude value is maintained during steady-state operation.
The article presents a version of such system taking as an example a single-loop self-oscillator with the Wien bridge in the feedback circuit. As is
known, the list of important issues to be taken care of in designing AAC systems includes, among other things, an analysis of their stability and the
selection of time constants for the system functional units. There are many methods for analyzing the stability of an AAC system, and all of them
involve the need to set up differential equations of the system. A version of addressing this objective is presented to produce the system of differential
equations describing the operation of a self-oscillator fitted with the AAC system. The obtained system of equations was applied for selecting — using
the Routh—Hurwitz stability criterion — the time constant for the low-pass filter (LPF) of the AAC system amplitude detector (AD). It has been shown
that the selection of the time constant for the AD LPF is constrained, on the one hand, by the requirements for the amplitude detector operation
mode, and on the other hand, by the need to ensure fast response of the AAC system to variations of the generator voltage amplitude. The time
histories of the system response to variations of the generator voltage amplitude and the system phase-plane portrait have been obtained.

Key words: RC oscillator, automatic amplitude control system, oscillator stability.

For citation: Torina E.M. The Automatic Amplitude Control System for a Single-Loop RC Oscillator. MPEI Vestnik. 2018;5:152—157.
(in Russian). DOI: 10.24160/1993-6982-2018-5-152-157.

BectHuk MOW. Ne 5. 2018



PAOVNOTEXHUNKA U CBA3b

153

RC-aBroreneparopsl (RC-AI') mIUPOKO NPUMEHSIOT-
Csl B PAa3NIMYHBIX OTpacisax pamuoTexHuku [1 — 4]. Onn
BXOJSIT B COCTAaB MHOTHX MEJUIMHCKHAX YCTAHOBOK, JaT-
YHKOB, CEHCOPHBIX YCTPOMCTB, M3MEPUTEIBHBIX U CEIlb-
CKOXO3SIIICTBEHHBIX YCTAHOBOK. X OCHOBHBIE JJOCTOMHCTBA
npu paboTe B Anara3oHe OT KOPOTKUX IO JUIMHHBIX BOJH
3aKJIFOYEHBI B MAJIBIX rabapuTax, MpoCTOTe M HU3KOH CTOU-
MOCTH M3TOTOBJIEHHS, BOBMOXXHOCTH LIMPOKOM NEPECTPOi-
K1 4acTOTHI | JIp.

Cambple mpocTele BapHaHThl RC-TeHEepaTopoB rapmo-
HUYECKUX KOJICOaHUI — OJHOKOJIBIIEBBIE PACCMOTPEHBI B
[5, 6]. IToka3zaHO, YTO OCHOBHOM HEIOCTATOK IOTOOHBIX
CXeM — HEOOXOAMMOCTh pabOThI Ha TPAaHUIIC BO3OYKIC-
Hust. OZHUM U3 CIIOCOOOB yBEIWYEHUs 3araca 110 camo-
BO30Y)KJICHUIO TIPU TeHEparuy OOJNBIIMX aMIUINTY[ Ha-
MPSOKEHUST U MaJIbIX YPOBHSIX HEJIMHEHHBIX HCKaKEHHI
CUNTAEeTCsA BBEICHHE CHCTEMbI aBTOMATHYECKON pPEryiu-
poBkn aMruiuTyabsl (APA).

CucteMbl aBTOMAaTHYECKOTO YIPABICHUS SBIISIOTCS
(YHKIIMOHATBHBIMM y3JIaMU JUIT MHOTHUX TEXHHUYECKHX
komruiekcoB [7 — 13]. OcHoBHas 3ama4a JJis MOJO0OHBIX
cucTeM — pacyeT ux ycroduusoctH [14 — 19]. IIpeno-
xkeHa npoctas cxema RC—AI ¢ APA, npuBeneHsl OCHOB-
HBIC BBIp@KECHHUS Ul pacdyeTa HapaMeTpoB M PEKHMOB
CUCTEMBI U pELICHA 3a/1a4a yCTOMYUBOCTU BCEH CUCTEMBI.

OnexkTpuueckas cxema MpenoKeHHOH cucteMsl APA
n3o0pakeHa Ha puc. 1. B kauectBe RC—AI B3ST OTHOKOIB-
LIEBOI aBTOr€HEeparop € IMOJOCHO-IIPOITYCKAIOMINM (HITh-
TpoM B BHUE MocTa Buna B nenm obparaoit cesa3u (OC),
MTOCKOJIbKY OH JIYYIIMH MO (IyKTyallMOHHBIM U SHEpre-
TUYECKUM XapaKTepHUCTUKAM CPEAU T'€HEPaTOpOB TaKOTo
kmacca [5]. Yeumurens B Al moctpoen Ha auddepeniu-

anpHOM akTHBHOM Tpubope (IAIl), Kk HeWHBEPTUPYFOIIIE-
My BBIXOAly KOoTOporo mnoakitodeHa nenb OC reneparopa,
a K mHBepTHpylomeMy — cuctema APA, cocrosmas u3
amruTyHoro nerekropa (A/Jl), GpwibTpa HIKHEX 9acToT
(®HY), mpoMexyTO4HOTO YCHINTENs, ACTUTENs Hamps-
KEHHs U PEryJHpyeMOro UCTOYHUKA TOKa, BKIIOYEHHOTO
B sMuTTepHYI0 lenb JAIl u perynmupyromero ero xoag-
(UIMEHT yCUIIEHHS, T. €. BIUSIONIETO Ha PEKUM aBTOTe-
Heparopa.

[TapameTpsl cXeMBbl pacCUUTaHBI TAKUM 00pa30M, 4TO B
MOMEHT BKJIFOUCHUS MUTaHKs HaNpspDKEHHE Ha 0a3e TpaH-
3UCTOpPA PEryIUPyEeMOro MCTOUYHHKA ONPEICISIETCS J1eNH-
TEJIEM HANpsDKeHUS W 00eCreurBaeT TOK B AMUTTEPHOU
nern JIAIT Gosnbliie 3Ha4Y€HNs, COOTBETCTBYOIIETO TPaHH-
1€ BO30Y>K/I€HHS 1, COOTBETCTBEHHO, CTAI[IOHAPHOMY pe-
JKUMY. JTO TO3BOJISIET T€HEPaTOpy 3aIllyCTHTh KoJieOaHMs
C YBEJIMYCHHBIM 3aI1aCOM I10 CaMOBO30YK/ICHHIO, KOTOPBIN
B JAHHOW CX€Me€ OINpPEAEIAeTCS NPOU3BEAEHUEM MOAYJIEH
ko3 urenta ycwieHus ycwmmrens Ha JJAIl B Havwaib-
HBIIT MOMEHT BPEMEHHU U KO PHUIIMEHTA TIOTEph QHIBTpa
HOC Hna gacrore renepanuu. [lo Mepe HapacTaHus KoJie-
OaHmii pacter curHai Ha Beixone AJl u mpoOMeKyTOTHBIH
YCUJIUTEIh OTKPBIBAETCSI, TIOCTEIIEHHO YMEHbIIAs MaieHue
HaNpsOKCHUSI HA BXOJE PEryJIHPYEeMOro MCTOYHHMKA TOKa,
YMEHbIIast TEM CaMbIM U CaM ITIOCTOSIHHBIH TOK, IIOCTYTIAI0-
it B JIAIL. DTOT nporiecc mpoucXoauT A0 TeX Mop, MoKa
ko3¢ ¢urment ycunenus JJAIl He ynaneT 1o 3HaueHHS, CO-
OTBETCTBYIOILETO CTAIIMOHApHOMY pexxumy Al

[TomuMo yBenuveHMsl 3amaca 1Mo CamMOBO30YKICHHIO,
BaXHOHM QyHKIHEH cucteMbl APA sBIIsieTCS KOMITEHCAIHS
OTKJIOHEHUsI ITapaMeTpOB PEryJIMpOBaHUs 3a cyeT o0par-
HBIX cBs3ed. UTOOBI 3Ta (hYHKIMS BBIOJIHSIIACH, HEOOX0-
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Puc. 1. Dnexrpuueckas cxema RC-aBroreHeparopa ¢ MoctoM Buna ¢ cucremoit APA

BectHk M3W. Ne 5. 2018



154 PAOVNOTEXHUNKA U CBA3b

AUMO OIIpEACINTh JII/IHaMPIquKPIﬂ JAuara3oH CUCTEMBI pe-
T'YJIMPOBAHHUS M HAOOp CTaTUYECKUX MapaMeTPOB CHCTEMBI.
[TosToMy perreHHe 3a1a4n NCCIIeJOBaHNS yCTOMYNBOCTH K
M3MEHEHHMIO [TapaMeTPOB YPE3BbIUANHO BaXKHO JUIS JAaHHON
CHCTEMBI.

Hnst ananuza Bompoca yCTOWYMBOCTH cucTeMbl APA
MOXHO HCIIOJIb30BaTh HECKOJIBKO METOJOB: aHAIM3a CH-
crembl guddepennmansaex ypasHennit (YY) kpureprem
I'ypBuma, ¢a3zoBeIX TpaekTopHid, Torapupmuaecknx AUX
u ®UX cucremsl u T. 4. [14, 15]. Ins mr060r0 U3 HUX Cie-
nyet coctaBuTh cuctemy 1Y [14]. B [6] momydeno 1Y ans
aBTOTrcHeparopa 0e3 cucreMbl APA:

ToapU =@V (U)-U, (1)

e 1o, :gngRC — TIOCTOsIHHAs BpeMeHH Al'; p =

= d/dt — oneparop nuddepenmuponanus; U — Hampsike-
1
Ky = g Ry S}JAH -

Hue Ha Beixoge JAIL @ = |KHOC (jo,)

3amac mo camoBO3OyxaeHnto; K, (joy) — k03 duru-
€HT Iepeavyn [ernu o0paTHOM CBS3M Ha 4acTOTe CaMOBO3-
Oy»xenus reneparopa m,; K, — Kod3QQUIMEenT ycuneHus
JAAIL; R, — comporusienue B komiekrope JAIL S, —
kpytuszna BAX JIAIL V (U) — HopMupOBaHHas HEYETHAs
(YHKIMS BXOTHOTO HANPSDKCHMS, XapaKTepH3ylomas He-
JuHenHocTh yeunutenst Ha JATL

IIycte JIAIl paboTtaer B JWHEHHOM peXHME, TOTAA

V., (U)=U. dnsa uccnenopanus AI' c APA npeoGpasyem 310

YPaBHEHHUE. YUUTBIBASA, UTO S\ = M (U, Up )
¢r

TOCTOSHHBIN TOK B SMHTTepHOMU nenu J{AIL; ¢, — Temmo-

BOW MOTEHLMAJN, BBEIs O00O3HAYEHHE ITOPOrOBOTO TOKA

I, = 24¢_/R,, npu xotopom Al HaXOAUTCs Ha TPaHHULE

Onop
caMoBO30YKIeHu sI, iepenuiieM (1) B creayronem BUae:

T,,pU = [10 (UsUpe ) Tonop —1]U. )

B sTOM ypaBHEHHM yCIOBHE CTAllMOHAPHOIO PEXKH-
Ma U= U_ = const # 0 MOXET BBINOIHATLCS TOJILKO MPU

(VU

1 Omop
JOJIPKHO BBITIOJTHATBECSA HEPABECHCTBO I 0 (U, U prr )
U

=1, IIO3TOMY B MOMCHT BKJTFOUCHMS I'€HEPATOpa

> 1
-0 Omop>»

a ¢ ysemmaenuem U Tok [ (U, U ) TOIDKEH YMEHBIIATHCS
prr

Y 10n0p'

[TonyueHo ypaBHEHHUE [UIsl KOJIbIA PETYIMPOBAHUS aM-

TIJIUTYABL:

(qup + 1)ljprT = Upr“rAH

e T 3 — TIOCTOSIHHAs BPEMEHH OHY-gerexropa; Uprr.H —
HanpspKeHHe Ha 0as3e TOKO03a/aloIiero TPaH3MCTOpa B Ha-
YaJbHbII MOMEHT BPEMEHHU; Kp — mnpowusBeneHne Kod(d-
¢unnenToB rnepenayn GpuIbTpa B IETEKTOPE U YCHIICHUS
npomexyTodHoro ycuurens; U (U) — nerexropHas xa-

paKTepUCTHKA.

-K,U, ), 3)
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Beipaxkenust (2), (3) npeacTapisiior coO0# crcTeMy He-
muueiHbix Y mns cuctemsr AT ¢ APA. Benem HOBBIE
0003HaYeHNUS [UIsl YIPOLICHUSI 3aIIMCH CUCTEMBI U TIEPEITH-
eM BCce B KAaHOHMUYECKOM BHJIE (B BUE cUCTeMbl Komn):
Twa: T, Tq): T,U.=x Up” =y.

[Tomaraem, 9TO TMOCTOSHHBIE BPEMEHH MPOIOPIHO-
HabHBI Koo unmentam pacnpenenenus I, = k'T; T, =

-1
k;'T, tne k, , k,— ko> HUIMEHTBI pacTpeeNIeHus.

Honoxum k'=1=k'= T oo/ Ty Tociie HOpMUPOBKH
wa T\(p, = pT,, = pT,) 1 ¢ y4eToM HOBBIX 0003HaYEHHH,
cucrema ypasHenuii (2), (3) npuodpereT BU:

px=f(x,y)=k (10 (x, )/ Toop —l)x;
Py=1o (%)= (Uper g =K U, ()-).

KoopuHarel 0coObIX TOYEK (X, },) CHCTEMBI MOXHO
HAWTH, PCIIUB CUCTEMY (4) C YUYCTOM BBIMIOIHCHHUS YCIIO-
BHUs CTALIMOHAPHOTO PEKUMA, TO eCTh rpu p, X =p, °= 0.

[Tockonbky cucTeMa HCCIENyeTcsi Ha YCTOWYHMBOCTh
MIPU MaJIbIX OTKJIOHEHUSIX OT TOJIOKEHHs pabodell TOUKH,
TO JIMHEApU3yeM ee, 1aB HeOOJIbIIIoe MPUpPAIICHHE KaXK 101
KOOpZMHATE B OKPECTHOCTH paboueii Touku x(¢) = x° + &(7),
y(t) =" + n(7). Paznoxus GyHKIIMK J1,x(@), ¥(0)) B pain
Teiinopa B OKPeCTHOCTH 0COOO0M TOUKH, YASPKUBAsI TOIb-
KO YJICHBI TIEPBOTO MOPS/IKA MAJIOCTH U3 CHCTeMEI (4), 1mo-
JY4IUM

4)

PiE(e) = £ (6% 0 )+ £ (6000 e () + A7 (600 In(0);
p(e) = £ (2% 0° )+ £ (2000 () + £, (x50 (o).
U3 ycrosuii cTaimoHapHOTo peskuma crenyer f,(x’, ') =

=/’ »") = 0. Beraucnup 3HaueHNE KaK10i NPOM3BOIHOM
10 KOOpAMHATE, HAllIEM CIENYIOUIYI0 CUCTEMY JIMHEHHBIX

PINE
PE() =k [ Sper /g |x"n(1);

5)

du (

(1) =k, [—Kp d—xﬂ 0 é(t)—n(t)},

rme § . = M 0 o — KpYyTH3Ha 3aBHCHMOC-
prr dy X=x ,y=y

™ [ (U, Up”_) PeTyIHpPYeMOro TeHepaTopa TOKa.

Jlnst nccnenoBaHusl YCTOWYMBOCTH CHCTEMBI BOCIIONb-
3yemcs kputepreM ['ypsuna [14 — 16] n BeraucaumM 00-
JIacTh ONpeNieIenHs ,, a, CIIeNI0BaTeNbHO, U 001acTh OIpe-
nenenust T' o

Br16op noctostHHOM Bpemenu 7' , PHY AJl orpaHuyeH,
C OJTHO CTOPOHBI, TPEOOBAHUAMH K pab0OTe aMITTUTYIHOTO
JIETEKTOpa, C APyroi — obecreueHneM ObICTPOU peaKIiy-
et cucremsl APA Ha n3MeHEHNE aMIUTUTYAbI HAIPSDKECHUS
reHeparopa. Ha puc. 2 mpexacraBineHa BpeMeHHas Iua-
rpamMMa peaknuu cucteMbl APA Ha M3MEHEHHE aMILTUTY-
JIbl KOoJIeOaHui, TTOJTydeHHast C OMOIIBIO CUCTEMBI (5) mpn
pa3HbIx 3HayeHusX 7. Tak ke A7l HOCTOSIHHON BpeMEeHN
T, ¢ moMoIIBIo (5) onpenenen ¢a3oBbIil HOPTPET JaHHOM
CHCTEMBI, N300payKeHHbIH Ha puc.3.
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Puc. 2. BpemenHas quarpaMma peakiy CUCTEMbI Ha I3MEHEHHE aMILTATY/IbI HanpsbkeHust Al ipu ByX 3HaueHUSIX OCTOSIHHOM Bpemernn @HY:
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Puc. 3. ®a3o0Bblil noprper cucteMsl pu noctosiHHoi Bpemenu ®HY T 2

Takum oOpasom, uccrnenoBana cxema RC—-AI" ¢ APA,
MO3BOJISIIONIAsT YBEIMYHUTh 3arac IO CaMOBO30YXKIECHHIO
1 aMIUTUTYy TAPMOHUYECKUX KOIEOAHUH BBIXOAHOTO Ha-
npsoxeHust. [IpuBeieHbl ypaBHEHUS, MO3BOJISIOMINE pac-
CUNTATh CTAI[MOHAPHBIA M TepeXomHOU peskuMbl RC—-AT
¢ APA, usydeHbl JIOKaJbHas YCTOMYMBOCTb W BOIPOC
BBIOOpA MOCTOSTHHBIX BPEMEHH (PyHKIMOHAIBHBIX Y3JI0B
RC-AT c APA.
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