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Current Probe Connections in Electric Vehicle Chargers
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PEM Flexible, Clip-Around AC Current Probes
Rogowski Coil with Analog Integrator

I Current Sensitivity (S): 200mV/A to 0.02mV/A
/
Current Range: +30A to £300kA
| | | ,I(t) Frequency Range: 0.03Hz to 50MHz
Amplitude Accuracy: ~+1%
Phase Shift: < 1°at mid-range
e(t)
Insertion Impedance: ~pH
: -20°C to +100°C
No magnetic core. i il):
Y OIS 1 (i) (can be wider range)
. _ -150ppm/°C to
Sensitivity Temp Coeff: -200ppm/°C
dl(t) e(t)
e(t) =k——-
() Tt J—'—L>
After Analog Integration
di(t V(t
V(t)=jk-d—(t)-dt=k-k’1(t)=5-l(t) ©
S = Sensitivity Source: PEM

IEEE APEC March 2019 GMWAssociates



Current Probe Connections in Electric Vehicle Chargers
PEM CWT Rogowski Coils
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PEM AC Current Probes

CWT Mini5S0HF

3.5mmA

Current Sensitivity (S): 10mV/A
Current Range: +0.6kA
Noise (primary current): 1.5Ap-p
Frequency Range (LF): 12Hz

(HF): 50MHz
Coil Lengths:

Coil Cross-section: 3.5mm

5mV/A
+1.2kA
3Ap-p
6Hz

50MHz

100mm or 200mm

50A pk pulse, 10 to 90% rise-time 12ns, dV/dt 40V/ns
Time-base 20ns/div

e e e i

e
Arﬁ 5]
/

20ns

Predictable delay

340A pk, 4.5MHz damped sinusoid

/a\\ Time-base 100ns/div
A\
f— 7N
\ 7\ P
— \) \ / \\ : /f/ \\\\
\ N/ N s
Wi \V
\ / 100ns

Ch1 - (2GHz) Co-axial shunt (10A/div)
Ch2 - CWTMini50HF/3 /B/1/100/2 - 10mV/A, peak current 600A (10A/div)
Ch3 - Voltage close to the coil - 100V/div

Ch1 - (2GHz) Co-axial shunt (100A/div)
Ch2 - CWTMini50HF/3/B/1/100/2 - 10mV/A, peak current 600A (100A/div)

Source: PEM
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Current Probe Connections in Electric Vehicle Chargers
PEM CWT Mini50HF
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Normalised Sensitivity (dB)

PEM AC Current Probes
with Tailored Frequency Response

CMC Common-Mode AC Current Probe
Optimized to provide a High S/N for the high
frequency current generated by the Variable
Speed Drive Voltage Spikes.

CWT MiniHF 85kHz AC Current Probe
Optimized for 85kHz (under development).

Current Sensitivity (S): 200mV/A 100mV/A 50mV/A

Current Range: +37.5A +75A +150A

Frequency Range (LF): 19kHz 6kHz 1.9kHz
(HF): 11MHz 13MHz  14MHz

Coil Lengths: 1000mm (also 500mm, 700mm)

Frequn.n-q- (Hz)

Current Sensitivity (S): 20mV/A
Current Range: +300A
Frequency Range (LF): 530Hz
(HF): 30MHz
Amplitude Accuracy (85kHz) +0.5%
Phase Accuracy (85kHz) +1°
Source: PEM
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Current Probe Connections in Electric Vehicle Chargers
Tailored Frequency Response (CMC, CWT MiniHF 85kHz)
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DaniSense Zero Flux,
Fluxgate Current Transducers

Magnetic
Toroid

Primary Current

R’ is Insertion Impedance

Flux Sensor

. o Burden
N Turns Resistor
% RB v = lRB
(Rg ~ 0.5 to 50hm)
® ©

If ¢, = ¢, (zero flux in the magnetic toroid), Ni = I andi =1/N (N~ 200 to 5000).

2
If there is no power lost in the Current Transducer, I?R'~i?Rp, IZR’~%RB or R'~%
For Rg~1ohm, N~1000, R'~1pohm. For I ~ 1000A, N~1000, Power ~1W
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DaniSense Zero Flux,

Fluxgate Current Transducers

Product Range Overview

Output
Type

Product
Family

Primary Current (Arms)

Current

DS series

DQ series

DC series

DM series

DL series

DR series

Voltage

DS series

DM series

DL series

DR series

DC
series

DQ

series

DS DM DL
series series series

& DR
= series

IEEE APEC March 2019

GM WAssocia tes



DaniSense Zero Flux,
Fluxgate Current Transducers

DS200ID DS1200ID-CD3000
Current Ratio, N 500 1500
Current Range +370A +1500
Output Signal 2mA/A 0.666MA/A
Zero Offset (equiv. primary) < +6mA <+18mA
Zero Offset Stability (equiv. primary) < £0.06mA/month < +0.15mA/month
Offset Change, Magnetic Field (equiv. primary) < +3mA/mTY < +3mA/mTY
Amplitude Error, dc to 5kHz <+0.01% <0.01%?
Phase Error, dc to 5kHz < 0.1 degree < +0.1 degree!?
Calibration Winding - 30%%;;21'5(32;0015 15004t
Case Type Al (ES Shield) Al (ES Shield)
Aperture 27.6mm (~1.1”) 45mm (~1.77”)

(1)  Acurrent of 500A generates a field of ImT at a radius of 0.1m (~4").
(2) calibration Winding Option limits AC operation to 1kHz

DS200ID Amplitude and Phase v. Primary Current Frequency

1.0
0.0
-1.0
-2.0
-3.0

-4.0

-5.0
I Amplitude (%) Phase Error (Deg) I

-6.0
10Hz 100Hz 1,000Hz 10,000Hz 100,000Hz
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Current and Voltage Probe Connections in

Electric Vehicle Chargers, Danisense Current Transducers
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Bergoz IPCT
DC-AC High Resolution Current Transducer

Current Range +1mA to £5000mA
Output Signal, V(t) 10V/mA to 2mV/mA
Zero Offset Adjustable, 20 turn pot.

Offset Change, Magnetic
Field (equiv. primary)
Frequency Response (LF) dc

(HF) 150 Hz to 2.5kHz (-3dB)

500pA/mTY
I, (1)

I3(t) _ . 1uArms/+/Hz to
L Noise (equiv. primary)
V(t) = L(t) + I, (&) + I3(t) 50pArms/vHz
Recovery after overload
IPCT-0100mA-82 Amplitude v. Frequency (1000x) <10ms
o Case Type Plastic, shielded aperture
Aperture 82mm (3.2")

2000 | \*\‘ (1) Acurrent of 500A generates a field of ImT at a radius of
0.0 0.1m (~4”).

15.00 & v 5
7 s sio Hz W 2 He 5t5 kHzi 1

TIMQO0dB | R50Q0dB
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Current Probe Connections in Electric Vehicle Chargers
Bergoz IPCT
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GMW CPC

Clip-on DC-AC Coreless Current Probes

For System diagnostics and long term monitoring, Current Probes

with no magnetic core.

No hysteresis, no damage from primary current overload with
recovery to linear operation within 10 pS of primary current
within range. The CPC Current Probe can be used to monitor the
“low current” recovery after a high current overload.

Current Sensitivity

Current Range

Frequency Range

Amplitude Error

Output Change, Magnetic Field
Response Time

Insertion Impedance
Operating Temperature
Moisture Resistance

Aperture

Mass
Power Supply

8mV/A to 1mV/A

+250A to £2000A

dc to 75kHz (-3dB)

<+1%

< 0.2% of range for 40mT™"
< 2us

<pH

-40°C to +100°C

Sealed, NEMA 5

27mm (1.06”)

<30g (1 0z)
3.5V to 5.5V, <85mA, USB Port

(1) A current of 10kA generates a field of 40mT at a radius of 0.05m (~2").
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Current Probe Connections in Electric Vehicle Chargers
GMW CPC DC-AC Current Probes
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Senis
Three-Component AC Magnetic Field Transducer

B
x(t)y By (t) 0
= N
= 8
E
E 6 Linear
% 4 measuring
Sensitive Volume £ > range
10x10x 10 mm " |
0 50 100 150 200 250
Frequency [kHz]
3DACMT - Normalized outputs at B=2mT
e ‘ «—Amplitude X axis
s i Field Components Bx(t),By(t), Bz(t)
z‘m M__ Output Signals Vx(t),Vy(t),Vz(t)
! Sensitivity, Sx, Sy, Sz 500mV/mT
’ ? Frequei:o(:]y[kHz] " “ FIE|d Ra nge ilomT
3DACMT - Phase shift at B=2mT . .
3 ! Field Resolution < 1.5uTrms
——Phase shift - X axis
=] \ ' ——Phase shift - Y axis
TN ——Phase shift-Zaxis Signal Nonlinearity < 1%, f < 100kHz
) >
=41 N i [ Frequency Range (LF) 10kHz
= -2
5 . (HF) 200kHz
. | Phase Shift < 3° at 85kHz
° > Frequelnol:?y [kHz] " o
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Field Measurement Points in Electric Vehicle Chargers
Senis Magnetic Field Transducer
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Thank You

Questions?

lan Walker

lan@gmw.com

WWW.Emw.com

650-802-8292
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