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BUMIPIOBAHHSI AKTUBHOI HOTYKHOCTI PEAKTUBHOI'O

En

HABAHTAKEHHA B IIUPOKOMY AIAITA3OHI YHACTOT

Problem of developing a metrological instrument for measuring active power in
the frequency range from 0.01 to 10 MHz is considered in the article.
Constructing of such an instrument must meet a high requirement of channels
phase characteristics at a low power factor at measuring active power against the
background of large reactive one.

In today's electric power converters, the main losses that determine the
efficiency factor are shifted from semiconductor keys to reactive elements. In
order to optimally design such reactive elements, it is necessary to be able to
analyze the components of the loss [1]. Such an instrument will measure the loss
power (active power) in a variety of reactive elements, for example, chokes used in
pulsed energy converters [2].

In currently available power analyzers and wattmeter, there are significant
errors in the frequency range above 1 MHz, which makes it difficult to meet the
above objectives [3].

An example of the harmonic signal components effect and errors analysis
caused by the measurement channels phase shifts in the wattmeter is described in
the article.

At high frequencies, the wattmeter channels become very sensitive to phase
errors. It is necessary to minimize links that cause phase shifts. In this connection,
it is important to construct correctly wattmeter input links and to make such a
transformation, which will provide operations with signal rms modules without
taking into account phase shifts. In order to solve this problem, it is advisable to
use a broadband wattmeter of transient power with the correction of the error from
its own consumption, described in [6]-[8], to minimize losses and optimize the
system.

The wattmeter of this design gives the exact value of the measured power on
the load, regardless the actual consumption of the input device. The value of the
input device elements can be optimized by the criterion of maximum broadband,
since the error from its own consumption is taken into account. In the scheme one
low-level shunt is used. It reduces wattmeter cost and also reduces voltage
conversion channel additive errors.

The wattmeter basic error is the error of the low-ohm shunt. To extend the
frequency range, it is advisable to use coaxial or tri-axial shunts. It is expedient to
use thermocouples measuring device to determine precisely the active component
in a wide frequency range.
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Ru B cratee paccmarpuBaroTcs MpoOieMbl pa3pabOTKH  METPOJIOTHYECKOTO
MHCTPYMEHTA JJIl U3MEPEHUs] aKTHUBHOM MOILHOCTH B Auana3oHe yactor or 0,01
no 10 MI'n. Ilpu mOCTpOGHHMHM TaKOTO HMHCTPYMEHTA OCOOCHHOCTBIO SIBIISCTCS
xKecTkoe TpeOoBaHMe K (Da30BBIM XapakTepUCKaM KaHAJIOB MpPH H3MEPEHUU
aKTUBHOM MOIIHOCTH Ha (oHEe OONBLIOW pPEeaKTUBHOM, TO €CTh IMPU MajaoM
Kodpdunmente MomHocTH. OOBEKTaAMU HUCCIEIOBAHHUNA SBISIOTCS 3JEMEHTHI,
paboTatomiyie Ha BBICOKMX YacTOTaX O €IMHHUI[ Merarepi M HUMEIOIIHE CHIBHO
UCKaXeHHbIe (opMmbl curHamoB. OmmcaH NpuUMep BIUSHUS TapMOHHYECKHX
COCTaBJISIOUIMX CHUTHAJOB B BarTMeTpe. llpuBeneH aHanmu3 morpemHocTen
BaTTMETPa MPOXOJHOW MOIIHOCTH, BBI3BAHHBIA (A30BBHIMH CIABUTaMH KaHAJIOB
u3mepenus. IlpennoxkeHo HCMONb30BaHUE BATTMETPa MPOXOAHONW MOIIHOCTH C
KOpPEKIHUel COOCTBEHHOTO OTPEOICHUS A1 U3MEPEHHU I B TOJO0HBIX CIydasx.

Beryn

OCHOBHOIO METOIO POOOTH € PO3pOOKa METPOJIOTIUHOTO IHCTPYMEHTA JIJIs
BUMIPIOBaHHS aKTHMBHOI MOTYXKHOCTI y aiama3oHi yactoT Big 0,01 mo 10 MI'm.
[Tig yac moOyAOBH TaKOro 1IHCTPYMEHTY MPOOJEMHOI0 € JKOPCTKa BHMOTa JI0
($ha30BHX XapaKTEPUCTUK KaHATIB Y pa3i BUMIPIOBAHHS aKTUBHOI MOTY>KHOCTI Ha
(G oH1 BEJIMKO1 pEaKTUBHOI, TOOTO 32 Majoro KoedilieHTa NOTYKHOCTI.

VY cTBOprOBaHMX Ha ChOTOJIHI NEPETBOPIOBAYAX EJIEKTPUYHOI EHeprii
OCHOBHI BTpaTH, 10 BU3HAYAIOTh KOEQILIEHT KOPUCHOI Ail, 3MICTHIIACA BIA
HaIIBIPOBIJHUKOBUX KJIIOYIB Y O1K pEaKTUBHUX €J1eMEHTIB. /{15 onTuMaibHOro
MPOCKTYBAHHSI TAaKUX PEAKTUBHUX €JIEMEHTIB HEOOXITHO MAaTH MOMJIMBICTh
aHamizyBaTu ckimanoBl BTpar [l]. Takuii mnpunaag A03BOJUTH BUMIPIOBATH
NOTY)KHICTh BTpar (aKTUBHY TMOTYXKHICTB) y PI3HOMAHITHHX pPEaKTUBHUX
eJIeMEHTaX, HaNpUKIaJ, APOCENsX, SIKI BUKOPUCTOBYIOTHCS y IMITYJIBCHUX
nepeTBoproBavax eHeprii [2].

VY mpencraBieHUX Ha ChOTOJIHI aHATI3aTOpax MOTY)KHOCTI Ta BaTMETpPax
BCTAHOBJICHO HASBHICTh 3HAYHUX MOXHOOK Y Jiana3oni yactoT Buiie 1 MI'1, mo
YCKIIQJHIOE X MPUIATHICTD JJIs 3a3HA4YEeHUX BHUIIIE 1itei [3].

AHaJI3 rapMOHIYHUX CKJIAIOBUX CUTHAJIIB BATMETPAa

3a BU3HAUEHHSIM aKTHMBHA EJEKTPUYHA TMOTYXHICTh P, Ha AeIKoMy Ha-
BaHTa)XCHHI € OCEepPEIHEHUM BH3HAUYCHHUM IHTErpajioM NOO0YyTKY MUTTEBHUX 3Ha-
uenp Hanpyru U (t) i ctpymy |(t). Hanpyra y gpocensx mepeTBOproBadiB Ha-
CHYEHa BHUILMMHU rapMOHIKAMH, & CyMapHa aKTHBHA MOTY>KHICTb € CYMOIO aKTH-
BHUX TOTYKHOCTEH BiJl KOKHOI TAPMOHIYHOT CKJIaJIOBO1 1 BUBHAYAETHCS Y TOMY
YHCI 1 3CyBaMH (pa3 MK HaAmpyrorw Ta cTpyMoM. Tomy HaBiTh 3a MajHMX 3Ha-
YEHHSIX BUIIMX FAPMOHIK aKTUBHA MOTYKHICTb BiJl HUX MOXKE OyTH CYTTEBOIO.

KinbkicTh TapMoHIK, SIK1 CJiJ BpaxOBYBaTH, MOBUHHA OyTH Takoro, 100
aKTUBHA MOTYXHICTh HEBPAXOBAaHMX rapMOHIK OyJia MEHILIOIO BiJl 3asBJICHOI IO~
XUOKH 13 IEIKUM O0YMOBJICHUM 3aI1aCOM.
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Hanpuxman, skmo Hampyra mMae ¢gopMy MeaHapy, a CTPYyM—CHUMETPUUHY
MUJIKOMOAIOHY opMy, TO iX rapMOHIYHHI cKitaj Oyae Takum [4]:
AU isin((Zk ~lot+9,)
k=1 (Zk _1)

U= : 1)

Ta

1= (-1 )kzls'n((izgl)f;f+¢k).

BianoBigHa akTUBHA MOTYKHICTh B HABAaHTA)XE€HHI B 3araJlbHOMY BUTJISII
OyJle HaCTYITHOIO:

(2)

COS
P, = kUIZ 2k+1k) (3)

Amnani3 ¢popmyn (1) — (3) nmokasye, 110 TAPMOHIUHI CKJIAJ0B1 MOTY>KHOCTI
3aTyXalTh MIBU/IIE, HI)XK TAPMOHIYHI CKJIAJIOBI HAMPYTH 1 CTPYMY, 1 Ma€ MicCIIe
3HAYEHHS KOCHUHYCY 3CyBY (a3 COS¢p, MDK OJHOYACTOTHUMHU TapMOHIKaMHU.

[inoTeTHYHUM € BUMAJOK, KOJIM KyT 3CYBY (pa3 mepIioi rapMOHIKU OJIMKYHIA
no £90° HDK BHIIMX TapMOHIK. TOAl BHIII TapMOHIKA MAaTUMYTh OUIBIIY

NUTOMY Bary HiX mepma. lle 3anexuts Bif XapakTepy JIaHKH, MOTYXHICTh Y
K1 BUMIPIOETHCS.

Sxmo 1 JaHKa € anepioJIMYHOI0 TEPIIOTO TOPSAIKY, HaIpHUKIal,
MOCJIIIOBHE BKJIFOUEHHSI 1HIYKTUBHOCTI 1 aKTUBHOTO OIOpYy, a00 MapajeibHe
BKJIFOYEHHSI €MHOCTI 1 aKTUBHOT'O OTOpPY, TO 3 POCTOM HOMEpPY TapMOHIKH KYT
3CyBY (pa3 KO’KHOI HACTYIHOI rapMoHiku Oyae ommkuum 10 90° 1, BiAMOBIAHO,
KOCUHYC 3CyBY (a3 OMMKuMM J0 HyJsS 1 NMUATOMA Bara MOTY>KHOCTI BUIIHMX
TapMOHIK CKJIaJI0BHX Oy/ie MEHIIIO0.

Sxmo HaBaHTaKEHHsI Oyze JIAHKOIO JAPYTroro 1 BHUIIMX MOPAIKIB abo
PE30HAHCHOIO JIAHKOIO, TO MTUTOMA Bara BUIIMX TAPMOHIYHUX CKJIQJ0BHX Yepe3
¢a3oBi 3CyBH MOXE TMEpPEBUIYBaTH MUTOMY Bary TeEpIIOi TapMOHIYHOI
CKJIQZIOBOi MOTY>KHOCTI, TOJA1 YaCTOTHUHM Jiama3oH BaTMETpa MOBHHEH 3HAYHO
MIEPEBUIIYBaTH YaCTOTY MEPIIOi TAPMOHIKH.

Jlig KpallHROTO BUMAJKY, KOJIM Ha BCIX 4acTOTaX BIACYTHI (a3oBi 3CyBH

5 7 9 11

((szo)'
3
1 |i+% 1. 1. 1 1

P =kUl > ———==kU +—+ . : +
= (2k +1) 125 323 729 1331

(4)

Takum yuHOM 3 dopmynu (4) OYEBHJIHO, IO JJIsI TOXMOKKW MEHIOi 3a
0,1 % HeoOXigHO BpaxOBYBAaTH OAMHAIIATY TAPMOHIKY, BIATIOBIIHOIO Ma€e OyTH
1 9aCTOTHA CMyTa MPOMYCKaHHS BaTMETpa.



8
IndopmManiiiHi cHucTeMH, MeXaHIKa Ta KePYBaHHA

AHaJti3 NOXu00K BaTMeTPa NPOXiAHOI MOTYKHOCTI

[IpoananizyeMo mOXHOKY, SKy HPHUBHOCUTH (pa30BUN 3CYB KaHAiB
BHUMIPIOBaHHS BaTMETpa Ha BHCOKHUX dYacToTaX. [IOTYXHICTh TpH CHUHYCHHUX
manpy3i i crpymi P=Ulcos¢. Bignocma moxubka m00yTKy s3rigao [5]
JIOPIBHIOE:

&P = éU + al + icosm + &U gl + &U acow + al gcos<p + guélacomp ' (5)
Hextytoun y (5) moxubkamu Ipyroro i TpeTbOTro MOPSAKIB, OTPUMAEMO
gP = %U + §| + acosq;’ (6)

ne &, — noxuOka BUMIPIOBaHHs HANPYTH, &, — NOXUOKAa BUMIPIOBaHHS CTPyMY,
Eoosp — CKIIAZI0BA (PA30BOI OXMOKH KaHAIIB.

SAxmo e =@, + A, A€ — ¢, — KyT 3CyBY (a3 MK Hampyrorw i CTpyMoM
HaBaHTaXEHHA Z,,, a AQ — KyT 3cyBy (ha3 MiX BHUMIipIOBAJIIbHUMHU KaHaJIaMU
HaIllpyru 1 CTpyMy BaTMeTpa, TO BiHOCHa moxuOka COS@, mo 3ymMoBIECHA
($ha30BOI0 MOXMOKOIO KaHAIIIB BaTMETpa Oyjie:

_ cos(op,, +Ax)—Coso,,

cos ¢ COS(PH '

abo Eoso = COSAQ—tgpy, SiNAQ—1.

Bupasusmm tge,, yepes cosg,, , OTpPUMAEMO

Eeosp =COSAQ@—1-sinA¢, | ——-1,
COS” @y,

abo EJCOS(P:—ZsinZ&—sinA(p %—1,
2 COS” @,

TOM1
E_,COS(P:—Zsinz%—wwll—coschH : (7)
cosQ,,

®opmyna (7) € Tounoro. Skmo €0’ @<<l, cos’¢, <<1, Ap<<90’,
MOXHA OTpUMATH MPUOIHM3HI PopMyJIu:

i 2
€ = —2sin2 50 _SINAQF, €05 Gy
2 cosoy 2
(8)
A
abo E->cos(pE P .
CosQ,

Hampukiaz, skmo cose,, =0,1, Ap=1°, o
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e = U T 01745-17,4%.
® 180°-0,1 18

I3 popmynu (8) MOkHA BU3HAYUTH BUMOTH 10 ($a30BOi MOXUOKH KaHAIIIB
BaTMeTpa y pa3l 3a7aHoi BIAHOCHOI MOXWOKHM BHMIPIOBAHHS TMOTYXKHOCTI Bij
¢aszoBoi ckmagosoi. Skmo cose, =0,1 &, =0,01, To ¢azoBa mnoxubOka

COS @

KaHaJiB Ma€ OyTu

A(p°:@-0,1-0,01=0,0573°.
T
Buxonsuu 13 ¢opmynu (6) BUOHO, IO JiS JOCSTHEHHS MOXUOKHU

BHUMIPIOBAHHS MOTYKHOCTI Ha HaBaHTaXeHHI 13 cos¢, =0,1 y 3HaueHH1 3%,

HEOOXITHO 3a0e3MEeYnUTH TOYHICTh BHMIPIOBAHHS HANpyrd 1 CTpymMy i3
noxuOkoro He Oubine 1 % 1 pazoBuit 3cyB Mixk kaHasiamu He Oibie 0,057°.

VY BaTmeTpax Ha OCHOBI IU(POBOI 0OPOOKU CUTHATIB 32 BUCOKOI YaCTOTHU
JTUCKpeTH3allii 3a0e31e4uy€eThCsl JOCUTh BUCOKA TOYHICTh BUMIPIOBAHHS HAIIPYTU
1 cTpyMy Ta mana ¢azoBa noxubka. Hanpuxmnan, ZES ZIMMER y Barmerpax
cepii LMG500 [3] 3amar0Th pi3HMIIO 3aTPUMKH KaHATIB y 4aci, JO3BOJSIOUH
TaKUM YMHOM KOPHUCTYBaye€Bl BaTMETpa caMOMY BU3HAYUTH (Pa30Bl MOXHOKHU y
3aJIeKHOCTI BiJl YacToTu. Tak y OararokanaipbHOoMy Batmerpi LMG500

HopmoBaHa 3atpumka Al cramosuts 3-107° c. JIns Takoro 3mauenns At y
Tabn. 1 y 3a-JeKHOCTI BiJl 4acTOTH, HaBeneHi (azoBuii 3cyB AQ=mAt Ta

¢azoBa ckianosa noxudbku LMGS500 3a cose,, =0,1.

Tabauys 1.
®da3oBa cxinanosa noxuoku LMG500
f, xl'y Ao, parn Ag,” Eeosor, Eeosgr Y0
0,05 0,94-10° 54,5-10° 0,94-10° 0,9-10°
1 1,88-10° 1,077-10° 1,88-10™ 1,88-10%
10 1,88-10™ 1,077-10% 1,88-10° 0,188
100 1,88-10°° 1,077-10* 1,88-10 1,88
1000 1,88-10% 1,077 1,88-10™ 18,8
10000 1,88-10™ 10,77 1,88 188

Takum unHOM, (ha3oBa ckiagoBa noxudOku BatMerpa LMGS500 Ha vacToTi
100 xI'ty ctanoButh 1,88 %, a Ha yvactoti 1 MI'y — 18,8 %, o npusBeae 1o
HaJMIpHUX MOXHUOOK Ha BUCOKMX FAPMOHIYHUX CKJIa/I0BUX.

BucHoBkn

3a BUCOKHMX YaCTOTaxX KaHAJIW BaTMETPY CTAIOTh AyXe YYTIMBUMH J0 ¢a-
30BUX NOXUOOK. [1oTpiOHO MIHIMI3YBaTH JITAHKH, K1 BUKJIUKAIOTH ()a30Bi 3CyBH.
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VY 3B’53Ky 13 IIUM BXKJIMBOIO € MIPaBWiIbHA TOOYA0Ba BX1JHUX JIAHOK BaTMETPY 1
Take MepeTBOPEHHS, sIKe 3a0e3MeUnTh ornepallii 3 MOAYJIsIMU CUTHAIIB Oe3 Bpa-
XyBaHHS (a3oBUX 3CYyBiB. {1 BUpIMICHHS IT1€T 3a7a4i JOIIJILHO BUKOPUCTAHHS
IIUPOKOCMYTOBOT'O BaTMETPY MPOXiTHOT MOTYKHOCTI1 3 KOPEKITI€I0 TOXUOKH Bij
BJIACHOI'O CIIOJKMBaHHs, omucaHoro y [6] —[8], mis MiHiMizallii BTpaT Ta OINTH-
Mi3allii CHCTEMHU.

BatMerp Takoi KOHCTpyKLii 1la€ TOYHE 3HAUYEHHS BUMIPSHOI MOTY>KHOCTI
Ha HAaBAaHTAKCHHI, HE 3BAXKAIOYM Ha BJIACHE CIIOKWUBAHHS BX1JTHUM TPHUCTPOEM.
3HaueHHS €JIEMEHTIB BX1HOTO MPHUCTPOIO MOXE OyTH ONTHUMI30BAaHO 3a KpUTe-
plEM MaKCHUMAaJIbHOT IIMPOKOCMYTOBOCTI, OCKIJIBKM MOXUOKA Bif BIACHOTO CIIO-
JKUBAaHHS BpaxoBaHAa. Y CXeMl 3aCTOCOBYETHCS OIAWMH HU3bKOOMHHUH IIYHT, IO
3MEHIIIY€ BapTICTh BATMETPY, TAKOXK MIHIMIZYIOTHCSl aIUTUBHI MOXUOKU KaHAJy
MEePETBOPEHHS HAIPYT.

3HaueHHs 00YUCIIEHOI MOXHOKM BUMIPIOBAHHS MOTY>KHOCTI 332 MOJIEIIIO
111 maHoro BatMmetpa ckiagae 0,1%. OcHOBHOIO MTOXHMOKOI BaTMETpa € MOXu0-
Ka HU3BKOOMHOTO IITyHTa, /[ po3IMIMpeHHs 4acTOTHOTO Jiana3oHy JOIUIHHO
BUKOPUCTOBYBATH KOaKCialibHI a00 TpiaKCialbHI IIYHTH, K1 MalOTh HaWKparii
TEeXHIYHI MOKA3HUKU Ha ChOTOJIHINIHIA JIeHb. Y SIKOCTI MPUCTPOS IJisi BUMIpPIO-
BaHHS JOIJIbBHO BUKOPUCTOBYBATH TEPMOIIEPETBOPIOBAYI, IO JO3BOJISIIOTH TOY-
HO BH3HAYATH AII0YY CKJIAJIOBY Y IITUPOKOMY YaCTOTHOMY JliaIrta3oHi.
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