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Measurement of signals
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WIDEBAND WATTMETER OF TRANSFER POWER WITHOUT
SELF CONSUMPTION ERROR

The article considers the method of transfer power measurement without self consumption error using sum-

difference method.
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IUPOKOMOJIOCHBIA BATTMETP NPOXOJHOM MOIIIHOCTH BE3 INIOT'PEIITHOCTH
OT COBCTBEHHOI'O IIOTPEBJIEHU A

Onucan memoo usmepenusi nPoxoOHOU MOWHOCMU 6e3 NOZPeHOCMU OM COOCMBEHHO20 NOMpebNeHUsl C UCHONb-

308AHUEM CYMMO—PA3ZHOCMHO20 Memood.

Knrouesvie cnosa: npoxoonas MouwHOCHb, ROZPEUHOCHb ONL COOCMBEHHO20 NOMPEOIEHUS, CYMMO—PAZHOCIMHYILL MENOO.
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A.A.YiabsiHoBa, A.O.Apxinosa

IUPOKOIIOJIOCHUI BATMETP NPOXIHOI MOTYKHOCTI BE3 IIOXUBKH
BI/JI BTACHOI'O CIIO’KUBAHHAA

Onucano memoo BUMIPIOBAHHS NPOXIOHOT NOMYHCHOCME 63 NOXUOKU 8I0 GIACHO2O CNONCUBAHHS 3 BUKOPUCTAH-

HAM CYMO—PI3HUYEBO20 MEMOOY.

Kniouoei cnosa: npoxiona nomyasicnicmes, nOXUOKa 6i0 81ACHO20 CNOICUBAHMS, CYMO—PIZHUYEBUL MemOO

Active power is defined as integral of mul-
tiplied instantaneous values of load voltage and
load current.

P = %'Iu (0)i, (t)-dt, (1)

where T is time of observing, that are divisible
on period of signal;u, (¢) is load voltage; i, (¢)
is load current.

For getting product in expression (1) two
methods are used.

First method is based on direct multiplying
of instantaneous values of voltage u,(¢#) and

current i, (¢) signals with using of analog and
digital multipliers [1, 2].

Error of conversation has amplitude and
phase (time) components. Phase error is impor-
tant under reactive load.

Second method is based on getting product
of voltage u,(f) and current 7 (¢) by taking
square of sum of voltage and current signals

[u@)+Z-i()] =u(0)+ 2> -2()+ 2Z -u(t)-i(r) - (2)
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There are few algorithms for deliverance
u’(t), and Z*-i°(¢), for example, method of

three voltmeters [3], sum—difference method [4,5].

In voltmeters of transfer power exist speci-
fied errors of self consumption. They usually
present in circuits of voltage or of current con-
versation, or both of them.

Because of presence of such errors high ac-
curacy is possible to achieve only with certain
ratios of voltage and current. One of the me-
thods to deliver errors, that are caused by con-
sumption in wattmeters circuit, is shown in [5].
Its disadvantage is presence of additional devic-
es of error compensation and necessity of con-
sideration this additional devices.

Purpose of this research is the development
of wideband wattmeter’s with absent (mini-
mum) error of self consumption that gives addi-
tional possibilities of optimization by wideband
criteria of wattmeter’s input link.

That’s why we will consider equivalent cir-
cuit of wattmeter’s input links that is described
in [5]. The scheme is shown on Fig.1.
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Fig. 1. Equivalent schematic of wattmeter’s
input links
On Fig. 1 are: G — signal generator; V — volt-
meter; Z; — load resistance; Z; + Z{ + Z;'= Z, —

resistance of two—stage voltage divider; Z; —
shunt resistance.

We will create 3 equations

u, =iZ,, 3)
u, =u, +i,Z7, 4)
uy =u, +i,(Z{+Z7). (5)

Let’s write obvious equations
i +i,—i,=0,(6)

—— (7
h=7 (7)
.U
Ly =—, (8)
2 22
i, =1, . 9)
After substitution (6) in (7) — (9) will get:
U, U
i +—-—+=0, (10)
Z3 2
or
zZ,
u=u, —=+i,7, . 11
1 i Z3 12 ( )
Use of (11) and (7) in (4) gives:
u,=u, 2% 7 (12)
3
Substituting (11) and (7) into (5) gives
Z,+Z'+ 7] .
u, =u, ———+1i.7Z,. (13)
3
Let’s define:
A=27,/Z, (14)
B=(Z,+Z))/ Z, (15)
C=(Z,+Z/+Z))/ Z,. (16)
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Then equation (11, 12, 13) will have such
look

u =u,A+i,Z, (17)
u,=u,B+i 7, (18)
u, =u,C+i, Z,. (19)

We will take square of each equation and

multiply with coefficients (K,, K,, K;), and
result of measurements will note like
N=N,-N,-N,, (20)
where
N, =K,u;, (21)
N, = Klulz (22)
N, =Ku;. (23)
Then

N =[u}B*+(i,2,) +2u,i,Z,B | K, -
—[up A+, 2,y +2u,i,2,4 | K, -
~[uiC* +(i,Z,)" +2u,i,Z,C | K.

ly (24)

In (24) components, that include u,i, are
proportional to power, components, that in-
clude, u,” and i, ? are redundant. It is necessary
to find invariance conditions concerning com-
ponents, that include »,> and i,*>.To do this let’s

collect coefficients at defined components and
equate them with zero. Then invariance condi-
tions for i, will be

K,-K -K;=0. (25)
Invariance condition for u,* will be
K,B*-K,A*-K,C*=0. (26)

From (25) and (26) it’s obvious, that inva-
riance conditions for u,* and i,” aren’t equal

and they can act at the same time only with cer-
tain values of B, 4, C, K,, K|, K.

Invariance conditions for square of current
(25).

As we have only two equations (25) and (26)
and six variables it’s impossible to solve these
equations relatively to each variable. In such cas-
es some of variables should be defined and also
some ratios between other variables should be
found. From (25) we can define few cases

K, =K, +K, 27)
K =K,-K, (28)
K,=K,-K,. (29)
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To consider condition (26) we will make
few changes and substitutions.
Let’s define:
2] Z,=«a (30)
Z1Z,=p. 31
From equations (14), (15), (16) and (30),
(31) will get

B=A+a«a (32)
C=A+a+p. (33)

Then
B’ = A +24a+a’ (34)

C’=A+a’+ B +24a+24B+2ap. (35)
Substituting (34), (35) into (26) gives
K,(A* +24a+a’)-K,A* -
K, (A*+a’ + f* +24a
+2A4L+2af)=0 . (36)
Grouping coefficients at 4°>, Aa, o’ f°,
Ap, of and substituting invariance conditions
(25), which appears in the formula gives:
(K, - K,)a(24—a) - BK,(B+24+2a)=0. (37)
In [5] is shown, that maximum value of
coefficient at product u, -i, will take place when
a=p. (38)
Taking this into account we will transform
(37) and get
a[(K,-K;)2A4+a)-K,(24+3a)]=0.(39)
We can find K3 from (39)
« _KQara)

40
P 4A+a) (0)
Substitution (14), (30) into (40) gives
K=Kl % | (41)
4 Z,+7Z)
Taking (25) and (41) into account
k=Xl3 %4 | (42)
4 Z,+7Z]
Let’s assume, that K, =1
K =142 43)
4 Z,+7Z)
K=o 3-—2]. (44)
4 Z,+7]

Invariance conditions for squares of voltage
and current (25) and (26) are true with such val-
ues of K,, K, K; and also error of self con-

sumption is considered. If invariance conditions
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(25), (26) are implemented from equation (24)
will get
N =2u,i,Z,(BK, - AK, - CK}) . (45)

If (38) is implemented
B=A+a (46)
C=4+2c. (47)

Substituting (46), (47) into (45) gives:
N=2u,iZ[(A+a)K,- 4K, —(A4+2a)K,]|=
=2u,i,Z,[ (A(K, - K, - K,)+a(K, -2K,)]. (48)

After taking (25) into account
N =2u,i,Z,a(K, -2K,). (49)

After substitution value of K, from (43) in-

to (49) and determined values
Kzzl;azé;g: Zy -
3 ZZ + Z3
will get:
N=uiZoa(l-g). (50)

Instantaneous power is product of voltage
and current

p=ui. (51)
Power on the load will be:
p=ui = — (52)
Z,a(l-¢)

Substituting N from (20), (21), (22), (23)
into (52) gives
p=u,i = Kyu; — K — Kug .
Z,a(l-¢)
Let’s recall, that: Z, — shunt resistance;

(33)

a =77 Z, — transfer coefficient of first voltage

divider
K =0,253-¢); (54)
K, =1; (55)
K, =0,25(1+¢); (56)
&= Z, . (57)
Z,+272]

For clarity of formula (53) we will make
some conversions and substitutions and will get

_Zy u;=0,75uf —0,25u; y

= z
0,25(u’ —u?
x4 1+ =2 14— (12 3)2 . (58)
l-¢ uy —0,75u; —0,25u;

Expression (58) is correct formula of pow-
er. It is structured in such way, that correction of

2
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self consumption error is separated like compo-
nent that is in parenthesis after unit in formula

(58)
£
o,= 1—5{14_

Also let’s estimate correction of self con-
sumption error in the worst case, while scheme
is working on dc current. In this case we will
put u, =3u, ,u, =2u, and if & <<1 then we can

0,25 (ul2 —u; )
uy —0,75u} —0,25u;

} . (59)

write
_Z, u;—0,75u} —0,25u; y
- zr Z,
u —ug
x| 1+&| 140,25 — - = || - (60)
uy —0,75u; —0,25u;
Conclusions

After detailed analysis of scheme on fig. 1
we got accurate expression of power (58) in-
cluding error of self consumption in the circuits
in input links of wattmeter.

In expression (58) no conditions about val-
ues of resistors Z, and Z; are imposed, that

gives possibility to chose, them due to criteria of
maximum wideband.

Comparing with wattmeter that is described
in [5], there are no additional devices for neg-
lecting error of self consumption in scheme on
fig. 1 that may also extend the frequency range
and reduce measurement error.

During optimization of input links using cri-
teria of frequency error consumption of the
source voltage is increased, nevertheless it
doesn’t cause an error of load power measure-
ment.

For implementation of wattmeter, that is
based on scheme (Fig. 1) it’s necessary to know
exact values of resistors: Z,, Z;', Z;, Z,.

Voltmeter for measuring u;, u,, u3, should
be wideband and have possibility to measure
squares of RMS of voltages values.

Advantage of scheme on figure 1 is that vol-
tages u;, up, u3 is measured relatively to ground
point of signal source (generator).

The drawback of scheme on fig. 1 is that the
conversion coefficient of scheme on fig. 1 is in
4 times smaller, then with classic sum-
difference method.
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