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Interconnections for the test of a low power
AC Motor with Variable Speed Drive
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Presenter
Presentation Notes
This shows direct current and voltage connections to the Data Acquisition System (in this example shown as a Power Analyzer). For higher power motors, bringing the current and voltage signals to the DAS introduces personnel safety concerns as well as increasing coupling and cross-talk from long connection cables.
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Presenter
Presentation Notes
To avoid the Personnel and Equipment Safety issues created by bringing high voltage and high current cables out of the Motor Test Cell to the Data Acquisition System, it is appropriate to use electrically isolated Voltage and Current Transducers located at the measurement points and bring the desired signals out at low voltage and current. Minimizing the length and spacing of the high voltage and high current cables also reduces the capacitive cross-talk, magnetic cross-talk and noise coupling into the signal cables.


Voltage and Current Waveforms on one phase of a
low power, variable speed AC Motor Drive
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Presentation Notes
The waveforms for a high power drive are similar with typical peak voltages to about ±400V having rise and fall times of <0.1µs, and currents to about ±500A and fundamental frequency from dc to about 500Hz. In this example, the current (green) waveform frequency is about 57Hz. The “spikes” on the current waveform are probably not real. They are likely to be noise or cross-talk coupled from the very high dV/dt in the voltage waveform.


Voltage and Current Spectra for the previous
Voltage and Current Waveform
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Presentation Notes
The frequency content of the Voltage waveform is broadly distributed and can extend to high frequencies. If rise and fall times are approximately 50ns, the Voltage spectrum can extend to 6MHz. Since a motor winding is substantially inductive, the current rise and fall times are limited and hence the “real” harmonic content in the current waveform is limited. Note in particular that there are “noise” harmonics in the current spectrum at at the same frequency as the high amplitude harmonics in the voltage spectrum.


Power Measurement

For any voltage and current phase pair:
T

Protar = 1/T j V() - 1(D)de
0

When Voltage and Current Transducers are used:

V(t) = k' v(t) with k' typically about 100
I1(t) = k - i(t) with k typically about 1000

T

Pivita; =k - k' 1/Tj v(t) - i(t)dt
0

This calculation provides True Power measurement of any waveform,
including all the harmonic content, limited by the bandwidth of the
transducers and the processing instrument.
dv (t 1 dv (¢ di(t) 1 diI(t

di)z k' di)and d(t)=E d(t)
dramatically reducing the capacitive and inductive coupling from

long cables.

Note also:
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Presentation Notes
The instantaneous power transferred in any pair of leads to a load is the product of the instantaneous voltage by the instantaneous current. 
It may be that at certain times the voltage and current will have different signs implying power is being transferred from the load back to the source. 
The average power transferred to the load can be obtained by integrating the instantaneous power over a given number of cycles. This integration must be performed simultaneously for the electrical power into the drive, the electrical power into the motor and the mechanical power into the load. 
From this it can be appreciated that the time delay introduced by the Voltage and Current Transducers must be small and independent of the shape of the waveform.



The Total Power can also be calculated
from the harmonic content

Piotar = Vo - Ig +V; -1 - cosB; +V, - I, - cosf, +
V3 -I3-cosO3+--+V, I, cosf,

or

max
Piotar = Vo - Iy + 21 V, - I, - cosB,

V,and |, are the dc components of Voltage and Current.

or
max

Py =k k'vg iy + k- k’z v i - coso,
1

Voltage and Current Transducers must have accurate amplitude and
phase response for all the harmonics that contribute to P;,¢q;. Any
“False” harmonics, v,, or i, , introduced by cross-talk, will generate an
error in the Py, if cosB,,is # 0 and may be significant if

0,, approaches 0 and cos@,, is = 1.
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Presentation Notes
The real  𝑖 𝑛  harmonic on the phase current from a Drive to a Motor becomes low by  𝑖 𝑛 ~20 or less. But the high dV/dt on the Motor cables can couple into the current signal line to give false  𝑖 𝑛  harmonics at higher frequency that are partially in phase with   𝑣 𝑛  (𝑐𝑜𝑠 𝜃 𝑛  ≠ 0) harmonics to give a non-negligible value to a false  𝑣 𝑛 ∙ 𝑖 𝑛 𝑐𝑜𝑠 𝜃 𝑛  contribution to  𝑃 𝑡𝑜𝑡𝑎𝑙 . For accurate power measurement it is essential to minimize cross-talk from the high dV/dt on the power cables into the current transducer signal.


Cross Talk Mechanisms

For a variable speed motor drive used in transport applications,
the voltage signal rise and fall times can be as short as 50ns,
implying significant spectrum components to 6MHz. The
wavelength of the electromagnetic radiation at 6MHz is about
50m. In a Motor Drive Test Cell, the dimensions of possible
“antennas” within the signal measurement cables are typically
less than 5m so simple capacitance and inductive coupling
models, rather than electromagnetic wave coupling, can be used
for a simplified analysis.

h c 3x108 1><102 o
F 6x106 2 m
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Capacitive Cross Coupling from the high voltage,
high current cables

_D
> AC Drive Motor
DCCT 1:1000 V() It)
—> /\ : —
S l {'(t) 7¢ = 5~ 200k at 10kHz for 100pF
i(t)  High impedance i) + ') () = Ryi(D)
_ current source ‘ BS V() = Rpi(®)
i'(t) i) -
LA . :::l i) ir +ic
Vedi .
For Rg = 20hm, | =500A peak, i(t) = 500mA peak 7

v(t) = Rgi(t) = 1000mV peak

At low frequency, ~10kHz, capacitive cross-coupling is low
with C-.~100pF and V;, ~100Vat 10kHz, z-~200kohm.

> Vn 100V
i (t) (zc+Rp) 200k 0.5mA

v (t)~Rgi'(t) = 2 x 0.5mA~1mV peak

~0.1% of the “true” current output signal of 1000mV peak.
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Capacitive Cross Coupling from the high voltage,
high current cables

>
N AC Drive Motor
> /\DCCT 1:1IOOO VO I —
::i:::CC 11"(,;) Zc = Zn;C ~ 200 at 6MHz for 100pF
() pigh impedance i) F 7 (t) w(O) = Rei(®)
current source B2 Y(0) = Rpl(®)
i'(t) i(t)
- . ---li'(t) ip +ic
R For Rz = 2ohm, | =500A peak, i(t) = 500mA peak 3 -
77 v(t) = Rgi(t) = 1000mV peak r#7

At high frequency, ~1MHz, capacitive cross-coupling is high
with C-~100pF and V;, ~100Vat 1MHz, z-~1kohm.
|4
i' ()~ —
(z¢ + Rg)
RgV, 2 %X 100

(zc +Rg) 1k

v'(t)~Rgi'(t) = ~100mV peak

~10 % of the “true” current output signal of 1000mV peak.

Note that v'(t) on the current signal is approximately in phase with V(t).
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Capacitive Cross Coupling from the high voltage,
high current cables
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Capacitive Cross Coupling from the high voltage V(t) on the motor drive cables can be
substantially reduced by shielding the drive-to-motor cables in the vicinity of the
Current Transducer and signal cables. Self adhesive copper tape can be wrapped
around the cables for a length of greater than three Current Transducer Head
diameters. The shielding must be grounded at one end only and near the AC Drive so
that the shield high frequency current, i'(t), is returned to the AC drive in a short, low
inductance path.

There will still be some capacitive coupling between the Drive-to-Motor cables and
signal cables giving rise to a cross coupling current i"'(t) with i"'(t) << i’(t). This can
be reduced by shielding the signal cables.
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Capacitive Cross Coupling from the high voltage,
high current cables
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The Current Transducer to Burden Resister signal cable should be a twisted pair (to
reduce magnetic pickup) with the outer shield returned to the AC drive in a short, low

inductance path.
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Capacitive Cross Coupling from the high voltage, high current cables.

Addition of a Common-Mode Choke to a Signal Pair.
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Even with a shielding of the drive-to-motor cables and shielded signal cables, there
still can be a residual cross-talk, particularly at higher frequencies. A common-mode
choke is effective in providing a relatively high impedance to a current on only one line
of the signal pair. Single turn, clamp-on, common-mode shunts can have an
impedance of about 10ohm at 1MHz and 30ohm at 6MHz to give a reduction of
spurious signals at a 2ohm Burden Resistor of between 5 and 15 times. This

demonstrates one benefit of using a current source Current Transducer with a remote,
low resistance Burden Resistor, Rp.
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Inductive Cross Coupling from the High Current Motor Drive Cables.

Signal induced in a small “pick-up” loop at the Burden Resistor.

5 \ High current I\oop radius R
—p>| AC Drive ) \* Motor
4 -__;I.___ CI i”’(t)
------ c l i /l 10mm
= i(t) i(t) ( ciﬁgn Ig R & v(t) = Rgi(t)
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[ ~1m

dl 400A
dt 2ms

~2x10° A/sec (f~150Hz)

Then the voltage induced in the loop at the Burden Resistor is

4mx1077 107
2 1

~ 0.1uV. At low frequencies and with good layout the direct magnetic coupling is
small and the developed voltage leads the current /(t) by about 90°.
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Presentation Notes
With low frequency primary current, the induced voltage is negligible. Even if the frequency is increased to 1.5kHz and the loop area is increased to 1000mm2 by, e.g., having a long common lead to the Burden Resistor, the field induced “false” current signal is only about 10µV. Compare this with the “false” current signal arising from capacitive coupling of up to 1000mV. It is still important to minimize the area of high current loops since the magnetic field may induce current in very large loops formed by safety grounds. 


Capacitive Cross Coupling from the high voltage, high current cables.

“Grounding” of high frequency capacitively coupled currents.
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o . . 77
Safety Ground +——  iq(®) +ic(t)return direct to the AC Drive Safety Ground Safety Ground

To minimize capacitive coupling from the high frequency voltages and for safety, it is
often preferable to use shielded Drive to Motor Cables. The parasitic currents i (t) +
ic(t) are returned by the cable shields. However, to measure the phase currents
requires the shields be broken so the parasitic currents return outside the Current
Transducer aperture. A separate low impedance return from the Motor to the Drive
must be added. This direct return combines with the safety grounds to generate a
potentially large “ground loop” in which current can be induced by changing magnetic
fields. As far as feasible the loop area should be minimized. High frequency current
can be reduced by clamp-on ferrite on the safety ground leads.
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Summary

In the measurement of power transfer in high power variable speed motor drives a
significant source of error in the power calculation can be the generation of “false” current
harmonics arising from capacitive coupling to the current channel from the high frequency
voltage harmonics.

Shield all cables carrying high voltage to reduce capacitive coupling to the Current
Transducer and associated signal lines.

To minimize the effects of capacitive coupling from the high frequency voltage harmonics,
use current source (high impedance) Transducers rather than voltage source Transducers.
This is particularly important for the Current Transducers.

Locate Transducers near the Drive rather than the Motor to avoid magnetic fields from the
Motor generating cross-talk signals in the Transducers.

Capacitively induced currents in the cable shields should be explicitly returned to the
source common with short, low impedance return leads. Low frequency magnetic fields
from the motor currents can be reduced by minimizing the area enclosed by high currents.

Grounding for electrical safety compliance should be separately considered from the return
of high frequency, capacitively coupled currents.

High frequency currents reduced in ground loops can be reduced by clamp on ferrites on
the safety ground leads.
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Thank You

Questions?

lan Walker

lan@gmw.com

WWW.Emw.com

650-802-8292
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