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NON-HARMONIC INFLUENCE
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The paper presents analysis of problems dealing with the determination of the current
setting time in the inductive component of the complex load of Voltage-to-current (VTC)
converter under non-har monic input influence. There is showed the change in the transient
response and in the current setting time of the inductor on changing the VTC converter and
complex load parameters. Expression to deter mine the current setting time of complex load of
VTC converter at given level of dynamic error is presented. The estimation of dynamic error
in determining the current setting time is presented in accor dance with the time dependencies
of transient responses of current setting in inductive load of VTC converter with complex
load’s and VTC’s converters different parameters.

The mathematical modd of precision VTC converter [1] with deflection system (DS) of
cathode-ray tube (CRT) of television scanning optical microscope connected to its output has
been designed and is presented as a complete equivalent circuit taking into account the
resistance and parasitic capacitance of load. In accordance with the set conditions of raster
formation on screen of such CRT, the control of converter is carried out by non-harmonic
signal with variable shape, frequency, amplitude and displacement [2].

Precision VTC converter built as paralld circuit with a deep DS's current feedback, the
signal of which is formed on the feedback resistor, which is connected in series with the load,
has been studied. To ensure the aperiodic current setting the bypass resistor is connected to
the load in parallel. While analyzing this cir cuit we're considering that: the static error dueto
instability of comparison resistors and feedback resistor is equal to zero, the cutoff frequency
of VTC converter is higher than the resonant frequency of the load, and the error due to
resistance of DS is compensated.

The mathematical model allows to carry out a complete theoretical study of precision
VTC converter and to get expressions to deter mine the parameters upon certain conditions:

1) supply voltage of VTC converter is higher than the maximum voltage on the DS
during thetransition process,

2) amplifier is presented as one inertial circuit with real parameters: unity gain
frequency fp, gain amplifier Kg;

3) theresistance of DS r| and parasitic capacitance C| aretaken into account at analysis,

4) considered that the feedback resistor Rj3; isnon-inductive;

5) the current flowing through the resistor R2 relative to current of feedback resistor is
very small and it is neglected.

Key words: voltage to current converter, complex load, inductive load, converter speed,
accuracy, dynamic error.

52



Po3pob.ieno MaTeMaTHUHy MOJeb MpenusiiiHoro nepersopopava nanpyra-crpym (ITHC),
HABAaHTAKEHOT0 BiIxwioBajibHOW0 cucremor (BC), sika 3a0e3meuye BU3HAYeHHS 4acy BCTa-
HOBJIEHHAl CTPYMY Y iHAYKTUBHIl CKJIa10Bili HaBaHTa)KeHHS 3 He0OXITHOI0 TOYHICTIO MpH 3a-
JAaHiil nuHamivHiil moxuoui. HaBeneHni yacoBi 3a/1€3kHOCTi BCTAHOBJIEHHSI CTPYMY Y iHAYKTHB-
Hiif cknagoBiii mpu 3mini mapametpis IIHC Ta KOMIUIEKCHOT0 HABAHTAKEHHA.

Karo4oBi cjioBa: mepeTBOpoBayY Hanmpyra-cTpyM, KOMIUIEKCHe HABAHTAXKEHHS, iHAYK-
THBHE HABAHTAKEHHS, IIBUIKO/IifA, TOYHICTH, IMHAMIYHA MOXHOKA.

Beryn

OcuoanMm 3aBnanHsM [THC e mpenusiiine ¢popMyBaHHsS CTpyMy B iHAYKTHBHOMY HaBaHTa>KEHHI
BUKOHYIOUMX MPHUCTPOIB BiAMOBiAHO 10 BXimHOro curHaiy [1]. 3okpema mpenusiitai ITHC Bukopucro-
ByIOThCsl st popmyBanHs ctpymy y BC enexkrponHo-npomeneBux tpyook (EIIT) BuCOKOi po3minbHOI
3[aTHOCTI B PI3HOMAHITHUX MPHUKIAJHUX TeNeBi3iitHuX cucremax [2]. [IpukiamoM Takux CHCTEM MOXKYTh
OyTu ckaHyBanbHI TeneBiziiiHi ontuuni mikpockornu (CTOM), B sikux EIIT BHKOPUCTOBYIOTHCS ISt
OCBITJIGHHSI JTOCHI/DKYBaHOTO MiKpooO'ekTa. @OpMyBaHHS pacTpa B TaKHX MIKPOCKOMAax BiJIOYBaeTbecs 3a
JIONIOMOI'OI0 CHUTHAJIIB, aMILIITy/1a, YacTOTa Ta IOCTIHHE 3MIIIEHHS SIKUX 3MIHIOIOTHCS B IIUPOKUX MEXKax
(mo 10 pasiB). Illmpoki ¢yHKIIIOHATBHI MOKIHBOCTI MIKPOCKOIA JO3BOJSIOTE (OPMyBaTH 30iTbIIEHE
300payKeHHS JIOCHIDKYBAHOTO MIKpooO'€kTa abo #oro ¢parmeHtra 06e3 BTpaTH PO3AUIBHOI 3JIaTHOCTI
300pakeHHS.

Ha expani EIIT mikpockona ¢popMyeThcs CBITHUI pacTp, po3/IiibHa 3[aTHICTh SKOTO MOXKE TIEpEBU-
mryBatr 40004000 enemenTiB posknany 300paxenus (miamerp Takoi EIIT mo 60 mwm, a miamerp CBITHOI
wissma He nepesumnye 10 mxm) [2]. Yac Ta TouHicTh (OpMYyBaHHS OJHOTO EIEMEHTY 300pa’KeHHs
BHU3HAYAETHCS TPUBATICTIO BcTaHOBJIEHHS cTpymy y BC. 3Baxkaroun Ha KiIbKICTh TO3HIIIH €EKTPOHHOT'O
npomenst [THC nouHeH 3a0e3medyBaTH MIBHIKE TIEPETBOPEHHS KEPYIOUOi HANPYTH Y BiIOBIAHUN CTPyM
BC 3 nyxe Benukow TouHicTio. Y 1boMy BHManKy HaBaHTakeHHs [IHC mpencraBisieTbest y BUTISL
IHIyKTUBHOCTI, NTapa3UTHOI EMHOCTI Ta aKTUBHOTO OMNOPY, Ji¢ 32 GOpMyBaHHS BIIXHIIOBAIGHOTO MarHiT-
HOT'O TIOJISL BIATIOBIIA€ CTPYM TUILKU iHAYKTHBHOI cKitaioBoi BC.

MaremaTnyHa MojieJib MPeNU3iiiHOTo MepeTBOPIOBAYA HANIPYTA-CTPYM

Po3pobieno matematnuny wmozenb [IHC, BHKOHAHOro 3a mHapajielibHOK CXEMOK 3 TIHOOKHUM
BiJl EMHHM 3BOPOTHHM 3B'SI3KOM 3a CTPYMOM, CHUTHAl SIKOTO (DOPMYETBhCS Ha PE3UCTOPi 3BOPOTHOIO
3B'3Ky R3z3, BBIMKHEHOrO HOCHNiZOBHO 10 KoMIuiekcHoro HapaHtaxenHs [THC [2]. [ns 3abe3mneucHHs
MIMOOKO arnepioAUYHOr0 PEKUMY BraMiBHOCTI MEPEXiTHOIO MPOIeCy BCTaHOBJICHHS cTpymy y BC mapa-
JENBbHO /10 HaBaHTaKCHHS BBIMKHEHO pe3ucTop INyHTyBaHHA Ry, pesuctopm R1 ta R2 Bukopucro-
BYIOTBCS JUTS TTOJAHHS JBOX CHTHAJIIB, 1[0 TIOPIBHIOIOTRCS, Ha BXix migcumoBava (puc 1).

[Tpu nobynosi MaTemaTiuHoi Mozeni Takoro [THC 3pobieHo Taki mpuUITyIeHHS:

1) nanpyra >KUBJICHHS BUINA 33 HANIPYT'Y HAa HABAHTAKEHHI ITi]] Yac MepexiHOro MpoIecy;

2) miACWIIOBAY TPEJCTABICHO Yy BHIVIAAI IHEPLIHHOI JaHKM 3 JBOMa MapaMerpaMu: YacTOTOH
OIMHUYHOTrO MincuneHHs fp Ta koedimienToM mincunenns mincumonada Kg [3];

3) min yac aHanizy BpaxoByeTbcs akTuBHuUi onip BC 1| ta mapasutHa emHicts Cj ;
4) BBa)Xa€EMO, III0 PE3UCTOP 3BOPOTHOTO 3B’ 513Ky Rj3 Oe3iHIyKTHBHWUI,
5) cTpym, 110 mporikae depe3 pe3uctop R2 BiTHOCHO CTpyMy Ha pE3HCTOpI 3BOPOTHOIO 3B’ sI3KY
Rj33, € Ty»xe MaauM 1 HUM HEXTYEMO.
KommnekcHuit onip HaBaHTakeHHs Takoro [THC
j XV + rn

ZgcWw)= 3 : ()
- W2>4_>C|_+ j >VV>(C|_ AL +R—)+r|_ +1

L[]
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R1
| SN— |>
fB =25 MFH
Ko =100

R2

ICAL{ I L I Rll]
C L
UBX(t) L R]_]_[

R33

Puc. 1. Cxema npeyusiiinoeo IIHC ons popmyseanns cmpymy
vy BC EIIT sucokoi po30dinenoi 30amuocmi

BignosiaHo 10 ymoBu koedirieHt nepenaydi [THC
Ko

KWw)=————,
W) 1+ j>wx

2

net =Kg/fp — crama gacy mincumoBaya.
I[Tpuitmaemo, 1m0 koedilieHT Mepeadi HaBaHTaKEHHs Ta OIOPY 3BOPOTHOrO 3B’ 513Ky Rz3 Bimosizae

koedinienty nepenadi moxpineruka Rz /(Zp- (W) + R33), dopmyemo crpykryphy cxemy ITHC (puc. 2).

Upyx (1)

_(: - KW 2
Rl+ R2 W) Zpc (W) +Rs3 3

U 33(t) Rl

R2

Puc.2. Cmpyxmypna cxema npeyusiiinoeo ITHC 0ns ghopmyseanns cmpymy
v BC EIIT 6ucokoi po30invhoi 30amnocmi

Jnst 3pydHOCTi TOOYIOBH CTPYKTYPHOI CXeMH KoedillieHT mepenadi 3a paxyHok pesuctopiB R1 Ta

R2 BimnocHo curnainy Ha Bxoxi ITHC, BHOcMMO B 610K mincymoByBaHHs BXinHoro currairy U gy (t) i

curHaiy 3BopoTHOro 38’ s13ky U 33(t) [4]. Toni koedinieHT nepenayi CUTHAIY 3BOPOTHOTO 3B SI3KY
RL RI+R2_Rl

“RI*R2 R2  R2 3

3a JI0NOMOI0I0 TaKOI CTPYKTYPHOI CXEMH 3HAXOJUMO Hamlpyry y todui migcymoByBanHs U p7(t) —

curnan noxu6kwu (rouka 1), manpyry na uxomi nigcumosada U 7y (t) (touka 2) Ta nanpyry Ha pesucropi
3B0poTHOr0 383Ky UR_, (t) (TOUKa 3).

Jnst 3HAXOIKEHHST CTpyMy IHIYKTUBHOI ckiagoBoi HaBanTaxkeHHs [IHC mnepexomumo 1o
oneparoproi (opmu 3a Jlariacom i3 BiIMOBIAHOK 3aMiHO0 | >W ® p, Ta 3HaxomuMo Harpyry Ha BC

Ucs(p) =U 7(p)- U, (P). (4

Upx (p)>R2/(RL+ R2)>K(p)
1+ RU(RL+ R2) XK (p) xR33 /(Z1 (p) + Rg3) |

ne U (p) =U gy (P) Ky, (P) =



Upx (p)>R2/(RL+ R2)>K(p) >R33 /(Z1 (P) + Rs3)
1+ RY(RL+ R2) XK (p) XRy3 /(Z1 (P) + Ry3)

TyT Ky Hﬂ (p) Ta Ky Ry (p) xoeodimienTn nepenavi Hanpyru y Toukax 2 ta 3 BianosiaHo (puc 2).

a Ury, (p) =Upx (p) XKy, (p)=

BuzHaunmMo 300pakeHHsT CTPYM 1HIYKTUBHOI ckianoBoi BC

L= ®

ne Z| (p) — cymMa peakTHBHOIO ONOPY iHIAYKTHBHOCTI Ta akTHBHOro ornopy BC j>w>L+r  ® p>L+r .
[Ticyist MiZICTAHOBKH Ta CIIPOLIEHb OTPUMAEMO BUPa3 Uil 3HAXOPKEHHs 300paxeHHs ctpymy || (p)
K xR2 q

I (p) = UB)((IO)Y x (6)
Ry3 R pixa+ p?rp+prc+d
KOC(IIIEHTH KO0 3HAXOAATHCS 13 BenmuuuH eneMeHTiB [THC Ta HaBaHTa)KeHHS
a=L>C st q=1 b=L>C >(K+1)+t >Cp>r_ +t >L/Ry
+
c= g |_><r|_+——><K+C,_>¢,_+t +t x| /Ry +L/Ry d=r,_/R,7+rLR¢xK+l
1]

TpH RH - R[ll XR33 K = KO xRl

Ry + Ry R1+ R2

KputnunuM BHUMagKoM MpHU BXIAHOMY HerapMmoHiuHoMy curHam Oyxae peakuis [THC Ha oguHU4Hy
CXOJIMHYATY JIit0 Ha BXOJi, 300paxeHHs sikoi 3a Jlarmacom U gy (p) =1/ p . YacoBa 3alexHICTh CTPYMy Ha

IHAYKTUBHIN CKJIaJ0BIi MaTHUME TaKHil BUTJISLI;

K>R2
| t=—(A
L(t) R

33

+B>ep1*+C>ep2*+D>ep3*), (7)

Ie P1, P2 Ta P3 — KOPEHi MmominoMa p3 xa+ p2 P+ pxc+d; A, B, Cta D — koedimientn pos3kiany Ha

JOAaHKK BUpasy (6), aKi 3HAXOMATECA i3 KOPEHiB MojIiHOMa

Ao, _ (p2- P1)q
P1LXP2 XP3 P2 (P2 - P X PPz P2P3)- (P3- L)X PLP3- PoPs)]
C:pJ‘XA_(pS_ pl)xD B='A'C'D
P2- P

JlnHamidHy OXHOKY BCTAHOBJICHHS CTPYMY B IHIYKTHBHIN ckianosiii BC moxHa 3amucatu [5]
I t)- 1 (t
L 1L, O

x00%, 8
0 ’ ©

e (t)=-

ne | Ly (t) — yacoBa 3anexHICTh IiHICHOTO 3HAYCHHS CTPYMY B IHIYKTUBHOCTI, | L (t) — imeanmpHE

3Ha4YeHHS cTpyMmy iHAyKTHBHOCTI BC mpu BpaxyBaHHI CTATHYHUX TTOXHOOK.

Bnaus napametpis IIHC ta BC Ha yac BCTaHOBJIEHHS CTPYMY
st Bu3HaueHHs BruBy napamerpiB [IHC Ha dac BCTaHOBIIGHHS CTPYMY B iHAYKTHBHIH CKIIaI0BiH
HaBaHTa)XEHHS TMOOYIyeEMO 4YacoBi 3aJIOKHOCTI TpW 3MiHI BIIHOMmIEHHS pe3oHaHcHOi dYactotn BC

1
fo=————M
P 2pxfC X

miacumoBaya K =100.

. . 1 C
70 YacTOTW 3pi3y miacwimroBada fj :t_ (puc. 3) mpu xoedimieHTi miACHICHHS

3 puc. 3 BUIHO, 10 0OMEKEHa CMyra IPOIYCKaHHS € MPUYUHOIO MOSBH KOJIMBHOIO MEPEXiIHOTO
MPOIIECY BCTaHOBJICHHS cTpyMy y BC, 3yMOBIIEHOr0 KOMIIGHCAIIIEI0 MIACUICHHS 32 PaxyHOK BIUMBY B33
Ha JacToTax, onmsbkux 1o fj.
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IL(®), A &(t), %
1000
50
0,1 250 50 f
B/ £1
100 f3
100
0,05
f 0 250 0 0 t, Mc
P
%3 £1 500
1000
-50
0 10 20 30 40 t, MC
Puc. 3. Bnaue obmesicenoi cmyeu nponyckanns ITHC Puc A. Junamiuna noxubka 6Cmano6ieHHss Cmpymy
HA 4ac 6CMAHOBNICHHS CIMPYMY 6 IHOYKIMUGHIU CKIA008IU 8 IHOYKINUGHIU CKIIAO08IU KOMNJIEKCHO20 HABAHMANCEHHSL
KOMNAEKCHO20 HABAHMAICEHHS npu 3mini cmyeu nponyckanna ITHC

Anamiz | (t) ta | (W) moka3aB, mo 3MiHa KoedilieHTa mincuieHHsA mincumoBada Kg mpu
HOCTIHHIA 4YacToTi oamHHM4HOrO mincuieHHs fp =const Ta 3abesmedeHHi Manoi CTATUYHOI HMOXUOKH
BCTAQHOBJICHHS CTPYMY y 1HIYKTHBHOCTI (dK01¥ =01%) 3a paxyHOK KiHIIEBOTO 3HAYEHHS IiICUICHHS
nigcuoBaya Kyl ¥

Jo
Ko ARy +1L)Rg3 <RL+ Ry
ne J¢ = (1 Ry + Ry >Ry +1 >Ry3)(RL+R2)
MpH TIMOOKOMY 3BOPOTHOMY 3B’ SI3KY HE BILTUBAE HA Yac BCTAHOBJICHHS CTPYMY B 1HIYKTHBHIH CKJIaJIOBii
KoMIuTeKcHoro HaBaHntaxenus [THC, a BrumBae e Ha d Kol ¥ -

dK01¥ = X00%, (9)

IIpu fp/f3 £1 wac BCTAaHOBIEHHS CTPyMy Yy HABAHTA)XCHHI BH3HAYAETHCS CTAIMMH 4acy
ingykruBrOCTi t | = L/Ry7 Ta emuocti t - =C_ >r. BC.

Jlist BimoOpakeHHs IIOTO BILIMBY MO0y aAyeMo Tpadiuni 3anexuocti (puc. 5-8).

'L(R &(t).% 1,=1,1x10°
M 17,=7,7x10"
.= 1,1X10j s = 44x10°
=7,7x10 _ 4
75 U2=1 T.4=2,2x10
5= 44x10° I 1= 1,1x10*
4= 2,2x10"
15=1,1x10*
50 50
25 25
0 10 20 30 t v 0 10 20 40 £ v
Puc. 5. Bnaue inoykmuenocmi nasanmasicennsi [IHC Puc. 6. [Junamiuna noxubka 6cmano6ienHs. Cmpymy
Ha 4ac 6CMAHOBNICHH. CIPYMY 8 IHOYKMUGHIU CKIAO08IU 8 IHOYKMUBHIL CKIA008I KOMNIEKCHO20 HABAHMANCCHHS
KOMNAEKCHO20 HABAHMAICEHHS npU pisHUX 3HAYEHHSX THOYKMUSHOCHE HABAHMAICCHHS
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1), A @ =1:10° ()% T =1:10°
Tc2 = 1,5><10 T = 1,5X10
Tea = 3x107 Te3= 3X10';
T4 = 64107 csa32 @ty Tes = 6<10
105 = 1,2x10° 105= 1,2x10°
0,1 50
0,05
0 40 t, Mc
tesa32® e
-50
0 10 20 30 40 t, Mc
Puc. 7. Bnaue emnocmi nasanmasxcennsi IIHC na uac Puc. 8. Junamiuna noxubka 6cmano6ienHs cmpymy
B6CMAHOBIEHHSL CIMPYMY 8 IHOYKIMUBHIL CKIA008Il 6 IHOYKMUBHIU CKIIA008IT KOMIIEKCHO20 HABAHMANCEHHSL
KOMNIEKCHO20 HABAHMANCEHHS 3a pi3HUX 3Hauensb emHocmi nasanmadcenns ITHC
BucHoBku

Po3pobneno MateMaTH4Hy MOJETbh MPEIU3IMHOTO IMepeTBOpIOBaYa Harpyra-CTpyM BHKOHAHOTO 3a
MapajenbHOI CXEMOK HaBaHTKEHOTO BiAXMIOBaIbHOI crctemoto ETII Bucokol po3dinbHOI 31aTHOCTI.
BuBenenuii 3aranpHHil BHpa3 4YacoBOI 3alI&KHOCTI BCTAaHOBJEHHS CTPyMy B IHIYKTHUBHIM CKiIaJloBii
KOMITJICKCHOTO HABaHTa)XCHHSI Ta BHpa3 JUHAMIYHOI MOXMOKM BCTAHOBJICHHS CTpyMy, SKHU 3a0e3reduye
MOXIIUBICTh 3HAXO/PKEHHS 4acy BCTAHOBJICHHS CTPyMY B iHAYKTHBHOMY HaBaHTa)KEHHI IEpeTBOPIOBAYA
HaIpyra-cTpyM i3 3a/1aHOk TOYHICTIO.

Hageneni rpa¢iku nepexiiHAX MPOIECiB BCTAHOBJICHHS CTPYMY B iHIYKTHBHIN CKIIaI0BiH KOMILJIEK-
CHOTO HaBaHTa)XEHH: TP 3MiHI TTapaMeTpiB MepeTBOPIOBAYa HANIPYra-CTPyM Ta HaBaHTaXeHHs. BcraHoB-
JICHO, 110 Y pa3i 3MEeHIIIEHHsI CMYTH IIPOITyCKaHHs neperBoproBada (mpu fp/ f3 >1) BinGyBaeTses mBnke

30UTBIIEHHS] Yacy BCTAHOBIICHHsS CTPYMY, a TEPEXiJHUH Mpolec Mae KONWBHUIM BraMiBHUI XapakTep.
Takox 10 30UTbIICHHS Yacy BCTAHOBJICHHS MPWU3BOIUTH 30UIbIICHHS IHAYKTHBHOCTI Ta 3HAa4YHE 3011b-
IICHHS TAPa3UTHOI EMHOCTI BifxutoBaspHOI cuctemu (npu Ry /Zp-(fp) >1).

BusHavyeHo nquHaMivYHI TOXHOKH BCTAHOBIIEHHSI CTPYMY B iIHAYKTHBHOMY HaBaHTa)XEHHI I1epeTBOPIO-
Baya, 3 SKMX BUJHO, IO 3MEHIIICHHS Yacy BCTAHOBJICHHS CTPYMY i3 3aJ]aHOI0 TOYHICTIO MOXKHA JIOCATTH
3MEHIIICHHSM IHAYKTUBHOCTI Ta 30UIBIICHHIM JOOPOTHOCTI BIIXHMIIIOBAJIbHOI CHCTEMHU 3a 3a0e3IeUeHHS
BinHommennst fp/fz £1.
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