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168 CHAPTER 4 MEASURING POWER

The complete system is illustrated by Figure 201 [325]. 433 R
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Figure 201 [325]
System Diagram Corresponding to fig. 200 T
The apparatus for monitoring an electrical system. comprises a device for sensing a number of waveforms in the electrical Uy
system. A device generates a predetermined number of electrical parameter values from the sensed waveforms. I
4.3.1 Active Power
Active power is proportional to average power as long as I'and U remain constant. A way of measuring
it is thus to rectify the instantaneous power p(t). The already cited [239] does this. using a 4 quad
analog multiplier (IC) and a rectifying circuit.
The inven

The Ferraris wheel automatically gives the active power, because the inertia of the wheel acts as an
averager.

inverter (2

the real p

respective

respective

invention
W), of th

4.3.2 Instantaneous Power s e
power,in "

Sampling the current and the voltage with a small time difference gives raise to an error when

multiplying. This error can be reduced by using a particular sampling scheme: Reversing the order of

sampling regularly (every full or a multiple period) [249]. Averaging the current samples before and

after any specific voltage sample (or vice-versa) improve the accuracy of timing current-voltage

couples [245]. See ch. 4.2.5.3 above.

Amazon EX1031 Page 121



£ 3 ’WM“MWW

CHAPTER 4 MEASURING POWER 169

4.3.3 Reactive Power
he reactive power, Q, is the quadrature of active power, we sec that it can be |

Remembering that t
actor sino. instead of coso. Adding a 90f phase shift of o.

measured in the same way. employing the f

gives the quadrature: |
P=Ulcosc (63) z
Q=Ulsino=Ulcos (& -90°) (64)
19
a See Figure 202 [250].
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Figure 202 [250]
Circuit for Measuring of the Real and/or Reactive Power at a Converter
with Impressed Direct Voltage

e power (PW, PB) at one phase (U, V, W) of an
iW) corresponding to the phase current being connected, directly for detecting

pi /2 for detecting the reactive power (PB), to a switch (8, 10, 12
a control signal, the real or reactive power (PW and PB,
ction (14 and 24, respectively). According to the
Ive (TU1 to TW2). operating on this phase W,V ‘
ignals (ZU. ZV. ZW) in each case being
ice (4) for detecting real and/or reactive [

measuring
ra 4 quad
The invention relates to a device (4) for measuring real and/or reactiv
acts as an inverter (2), a measurement signal (iU, iV,
the real power (PW) or after phase rotation by
respectively. 18, 20. 22) which can be operated by means of
respectively) corresponding to a smoothed output signal of a ripple se
invention, the actual switching state (ZU, ZV, ZW) of the converter va
W). of the inverter (2) is provided as control signal, these switching state s
determined by means of a detection device (26, 28.30). This provides a dev
power,in which measurement errors due to dead times and/or switching times are avoided.
rror when
1e order of |
sefore and ‘
nt-voltage \
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170 CHAPTER 4 MEASURING POWER

: (

4.3.4 Power Factor 4.44SPE
5 . . ; S 4.1 Po

Power factor = active power/apparent power = P/S=cos o, (if u and i are sinusoidal) 44.1

In the sine case we can thus measure via the phase: (Fig. 203) [251]. Mabmgve
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442 DC

As noted ab
Figure 203 [251] [219]. The t

Power Factor Metering Device
A power factor metering device. The power factor metering device includes
power factor from a detected voltage and current. The device
conductor of a three-phase or single-phase circuit. Voltage clips
induces a voltage that lags the detected current by

a novel electronic circuit for deriving the
includes a current clamp that may be clamped onto any
are used to detect the circuit’s voltage. The current clamp
90 electrical degrees. An amplifier stage is coupled to the induced
voltage through a low input variable resistance so that the input voltage to the amplifier stage may be adjusted to correct
for errors induced in the phase relationship between the detected voltage and current. The output from the amplifier stage
is input into a zero crossing detector stage that changes its output state each time the output of the amplifier stage passes
through zero. The output of the zero crossing detector stage is applied to one side of a pair of EXCLUSIVE-OR gates,
and is also applied to one of the inputs of a bistable multivibrator. The voltage detected by the voltage clips is stepped
down by a transformer and is input to a second zero crossing detector stage. The output from the second zero crossing
detector stage provides the other input to the EXCLUSIVE-OR gates and the bistable multivibrator, The output of each
EXCLUSIVE-OR gate is directly proportional to the phase angle between the detected voltage and current. The outputs
from the two EXCLUSIVE-OR gates are amplified and are used to drive a continuous recording device and an
instantaneous meter which each display the magnitude of the power factor derived from the detected current and voltage.
The output from the bistable multivibrator is used to determine whether the current signal leads or lags the voltage signal.

If we have stored values of P, U and T in a mem

ory, we can use software to calculate the power factor,
P/U*I as in [245].

The principl
of sensors, s¢
sensors and

The more complicated case with distorted wave forms is treated below.

Low voltage
4.3.5 Average Power divided dow
; ; . inductive on

Low pass filtering is simple way of averaging, see Figure 147 [198] above.
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CHAPTER 4 MEASURING POWER 171

4.4 SPECIAL APPLICATIONS
4.4.1 Power of Distorted Signals

Many power measurements are made supposing simple sinusoidal wave forms. When much harmonics

are present, as in systems subject to switching, the simplified phasor formulae cannot be used. Fast [
digital sampling meters based on multiplying ij and uj samples give a correct result for the real power i
at frequencies under the double Nyquist limit. Note that the power frequency is twice the current

frequency (Fig. 144).

Determination of active and reactive components can be done by using the Fourier- developments of

the measured current and voltage wave forms; For each frequency the standard formulas are applied.

The sum over all frequency then gives the total result i.e.:

B SR

Pav = Vdc ldc + 2Vn In cos On (75)

“—‘ ! Qav = an Insinon+ ... (76) )

Vp. In are RMS values. o is the phase shift. The measuring principle is thus to sample u, i, and to use ‘

|
|
> 1 fast Fourier Transforms (FFT) to find the magnitude and phase for each frequency. Pay is then found
| by multiplying and adding samples [253] and [254].
| ) plying g p
S| Corrections for not sampling ii and uj exactly simultaneously must be made as mentioned above.
pling Y )
AMP
4.4.2 DC Power and HV Power
As noted above, the Ferraris wheel meter can be used after an AC-DC convertion by e.g. transductors
[219]. The use of transductors is shown in Figure 204 [255].
riving the
| onto any
‘ent clamp 3 ;
e induced AN R
to correct
ifier stage
12€ passes
OR gates, T
is stepped K) 3
) crossing
ut of each
1€ Oll[pll[S
e and an
d voltage.
\ge signal.
‘ Figure 204 [255]
er factor, Transductor Measuring Arrangement
The principles for measuring on HV-lines are the same as for low voltage. What differs is the choice

of sensors, see Chapters 1 and 2. Current transformers, Hall devices or Faraday cells are popular current
sensors and capacitive transducers or Pockels cells are popular voltage sensors. \
Low voltage transducers are being used for high voltage measurements after that the voltage has been
divided down to a suitable level. Capacitive voltage dividers are popular, but both resistive and ‘
inductive ones can be used. ‘
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172 CHAPTER 4 MEASURING POWER

Usually the quest for safety leads to the use of capacitive or optical sensors. Contactless transmission Digital afld
of measurement values is an alternative for ensuring galvanic separation between the object of method for

measurement and the instrument, in the case there is a risk for contact.
Digital meters measure DC directly. The voltage and current transducers might be different from the

AC case. “zero flux” current transducers are suitable for DC. but they are more complicated, and thus
more expensive, than the simplest AC transducers.

4.4.3 Polyphase Networks

Measuring the power of each phase and adding them is a straightforward principle (Fig. 205) [256].

Up~Usp-UgR

Us~U35-Uyg

Ur~U5-Uyt

Figure 205 [256]
Electronic Three-Phase Electricity Meter
Anelectronic three-phase electricity meter, wherein a multiplier unit (MR, MS, MT) is provided for each phase, supplied
at its input end with signals proportional to the current and voltage associated with the phase. and emits a power-propor-
tional output signal (~Ur, ~Us, ~Ut) that is added to the output signals of the other multiplier units to form a sum signal

which is converted in a quantizer (Q) into a pulse train (I1) having a power-proportional frequency and then integrated

; e : Ao ” it Each input ¢
with respect to time in a counting device (Z) for the energy to be detected, and the result displayed. characterised in that m-frequlcnm
for one (R) of the three phases (R, S. T) an additional power detection device is provided, consisting at least of one ;

encoder (6a
encoded (6¢
(10a,10b) fc
(11a,11b) fo
otheer for n¢

multiplier unit (MR1. MP) and a test quantizer (Q1), which device supplies at its output end a pulse train (12
power-proportional frequency, and that a comparator device (E) is provided for the two pulse trains (I1, I2) su
the quantizer (Q) and the power detection device, with comparison device triggers a signal change in
when the ratio of the frequencies of the two pulse trains (I1, 12) exceeds the
limits being selected such that the breakdown of an essential component le;
elements (WIR, WUR, MR; WIR, WUR, TR, INR) of the three-phase
additional power detection device.

) having a
ipplied by
a display unit (L)
limits of a specified tolerance band, these
ads to the exceeding of a limit, existing function
electricity meter (DZ) also being used for the
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CHAPTER 4 MEASURING POWER 173

Digital addition of each phase’s power is shown in Figure 206 [257]. The traditional Two- Watt meter

asmission
method for 3 phase power measuring is not being treated here.

object of

1a
t from the 55 150 ‘ |
, and thus ) )——i'-E“Z"I.} ‘ E_ 'i!
T !
|
E&[ 4
n_(_J }
)5) [256]. [
[
1
|
1
3
se, supplied
Wer-propor- Flgure 206 [257]
1sum signal Three Phase Summing Energy Meter
n integrate — e i ; - -
ri%:dLi:ri :LL:{ Each input circuit (1a-1c¢) comprises a cascade connection of a voltage-to-current converter (2), multiplier (3),voltage-
lcllx‘l of or;‘ to-frequency converter (4) and adder (5). Output from each ofthe first two adders (5a.5b) is forwarded via a ternary
I’)>h‘1\'in" : encoder (6a,6b) and decoder (7a.7b) to the adder of the succeeding input circuit. The sum from the final adder (5c¢) is
:u " ‘lied:h:' encoded (6¢) for transmission and is also fed to a reversible counter (8) supplying the drivers (9a.9b)of stepper motors
)i'li'?mit L (10a.10b) for mechanical indicators (13a,13b). The integrated counter and driver (K) includes also driving circuits
f;:;nd Ihcs‘c (11a.11b) for LEDs (12a,12b) which flash in synchronism with the outputs of the counter (8). one for positive and the
e otheer for negative sums.
ing function =
used for the
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174 CHAPTER 4 MEASURING POWER

4.4.4 High Frequency Power

We have treated the principles of measurement above in ch. 4.2. The choice of sensor is of particular
interest; Bolometric Sensors, thermocouples, hot carrier or Schottky diodes are common. Calorimetry
and crystals are also being used. [260].

[331] gives a good overview of detection ranges and reaction time of the various sensors.

[259] states that:

“Average microwave power up to about 10 mW is usually measured by bolometric or thermocouple
sensors. The basis for bolmetric power measurement is that when power is dissipated in a resistive
element, a corresponding change occurs in the elements resistance. Measuring power with thin-film
thermocouples is also widely used in the microwave region. These sensors have the same advantage
as diodes in that only a simple dc millivolt meter is needed to display the detected voltage. Moreover,
the thin-film thermocouple may be easily matched to transmission line operating as a matched load,
and used as broad-band meter. However, high speed can not be achieved in such power sensors,
because they depend upon the use of a rise in the lattice temperature. Further, it is necessary to make
a power sensor element small compared with the operating wavelength and this causes a decrease in
the sensitivity.” A sensor exploiting the hot carrier effect of L-H junctions is illustrated in Figure 207
and 208 [259].

‘| /
P-Ge
awiC
== ~ CONTACT
(a)
P
P’ REGION P mecton

o r
(b) RADIAL D{STANCE

Figure 207 [259] ©1981 IEEE
Charge Carriers Distribution, Electric Field and Thermoelectric Voltage
due to Hot Carrier Effect of L-H Junction
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Figure 208 [259] ©1981 IEEE
Hot-carrier Power Sensor, Broad-Band Coaxial Mount and its Equivalent Circuit

Figure 209 [260] shows the use of a diode detector and a pick-up element in a coaxial transmission
line.

Figure 209 [260]
RF Watt Meter

The induction loop (21) in the pick-up element is connected to a principle detector (25). A secondary detector (30) is
connected in opposition to the latter (25) The detectors are close to each other and subject to the same diode thermal
environment. A sine wave generator supplies a wave signal to the sec. detector in opposition to the wave signal supplied
to the principal detector from the inductive loop. Thed.c. portion of the resulting signal representing the difference between
the opposed signals is integrated (40) and the integrated output is used as the amplitude in the generated sine wave (32).
When the circuit is in balance,the integrated output matches the amplitude of the inductive wave form and can be used
as an output indicating (43) measured power in the coaxial transmission cable (11).
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J
A hyper frequent power sensing circuit employing a FET (6) is illustrated in Figure 210 [326]. The problen
arranged wit
is grounded and non-polarized, so that it act either as a
tsenses or not a current in the circuit.
acitance to the adaption circuit,

The FET (6) has a double function: It’s gate
capacitor or a diode, depending on whether i Additionally, the D1 and D2 ¢
FET participates with it’s equivalent cap C+ increases
sensitivity is
The input is at (i),

The total ran

Ca
I

Rp | Dt
14 b3 i
Voet e
Vel

Vgs 13~ |G 15 I [16
Figure 210 [326]

Hyperfrequent Power Sensing Circuit -

Problems with diode detectors

Diode detectors have the

ir particular problems, notably
Figure 211 [

a temperature dependent threshold voltage.
292] shows a circuit that compensates for th

is via a biasing circuit.

A wide power r
capacitor coupl
power output ar
of dual diodes :

Figure 211 [292)
Biasing Circuitry for a Diode Detector
The invention relates to a biasing circuitry in a power level detector used
amplifier. According to the invention, to compensate for variation caused j
temperature changes, a constant-power source (T, R1, R2) is used by me
diode (D) is set at a constant level and close to the angle point of the thr

for power control of a high-frequency power
n the detector diode (D) threshold volt
ans of which the operating point of the
eshold voltage of the diode (D).

age by
detector
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) has another solution in combining two diodes

ge(see also Figure 163
es are different. Figure 212 [327].

) [326]. The problem of limited ran
arranged with different shunt capacitances. SO that their sensitiviti
le IC or individual diodes. Capacitor

act either as a
D2. The reduction in

ditionally, the g Schottky diodes formed on a sing

D1 and D2 are power sensin
Cd+C1 of D1, so that it is 10 times that of

C+ increases the shunt capacitance .
sensitivity is 20 dB.

The total range of this arrangement is 40 dB. It is used as a radiation detector.

eshold voltage.

Figure 212 [327]
Wide Power Range Radiation Monitor
s with their cathodes interconnected and with an additional
-adiation monitor provides two outputs, a low
anodes of the detector diodes. The arrangement
a greater than 40 dB square law region.

adiation monitor includes a pair of diode
to one of the diodes. The detector of the r
which outputs are connected to the
e the diode detector of the monitor with

A wide power range
capacitor coupled in parallel
power output and a high power output,
of dual diodes and capacitance provid

a1-frequency power
ireshold voltage by
oint of the detector
D).
\
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Problems with Ferraris wheel Meters

® The Ferraris wheels response curve is not linear. Extra hardw.

are, such as permanent magnets
are being used for compensation (Fig. 170 above).

Figure 173 illustrates the use of a compensating current.

® [tis subject to wear.

® The measurement transformers used are unlinear,

® [tis inaccurate in measuring higher harmonics. This is of increasing concern because of the pro-
liferation of electronic loads with unlinear characteristics, injecting harmonics into the system.
In [289] Elham B. Makram et al [291] and [290] Girgis et al. determine this error.

® The information that it can deliver is very limited.

°

It consumes energy: one can reg

ard it as a small motor.
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