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RF CE Reminder



Common Mode 
Current Paths 
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RF CE Reminder
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Nidec: Guide to best practices - Motor-drive systems -
Reference: 5626 en - 2018.11 / a
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Measurement Approach



Impedance to Ground
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Measurement Approach
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Cross check 
measurements (IEEE)

EMI Study of Three-Phase Inverter-Fed Motor Drives, 
Bertrand Revol, James Roudet, Jean-Luc Schanen, 

Senior Member, IEEE, and Philippe Loizelet, IEEE 
TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 

47, NO. 1, JANUARY/FEBRUARY 2011
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3D Model



Objective
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Model Summary Introduction
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▪ Unscreened verses Screened AWG ‘000’ cable study for a VFD application:

▪ Screened cable uses a Copper Foil wrap.

▪ Unscreened (230123) model uses Auto sampling co-simulation technique

▪ Screened (180223) model uses Nyquist sampling co-simulation to reduce 
electronic file output size.

▪ Model also includes a simple Stainless Steel Enclosure, to see if unscreened 
cable + enclosure is sufficient for a VFD application.

Setting the Scene



Top View

10

3D Model
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N3 to N4 = Phase A(SW2) 

N1 To N2 = Phase B (SW1) 

N5 to N6 = Phase C(SW3) 

Ground Plane (Aluminium)

Cable

Enclosure

3D CM

Cable CM
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3D Model
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Enclosure View

▪ Cable Length 200mm
▪ Enclosure (100mmx100mmx100m; 2mm wall thickness, Steel (1008)
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Mesh View

Private | © 2023  Rolls-Royce | 
UK Export Classification: 

PL9009c

Mesh View

▪ From 230123 Model.
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Mesh View
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Mesh View

▪ From 180223 Model.
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Unscreened Schematic
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Unscreened 
Schematic

▪ Co-simulation technique

Impedance to ground of electrical 
machine (ESR, ESL & Capacitance Values)

Impedance to ground 
of DC Link Capacitor 

(ESR, ESL & 
Capacitance Values)

Winding Inductance and resistance phase 
values

3D Space

3 phase rectification Diodes

Generator phase 
voltages

Common Ground
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Screened Schematic
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Screened Schematic

▪ Changes shown below
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Excitation Signals
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Excitation Signals

▪ E-Fan-X measured data
▪ Generator Phase Voltages @ 1500rpm
▪ 2.6ms

15000rpm = 1500Hz (Electrical Frequency) = 0.666ms x 4 cycles = 2.66ms (3ms)

Monotonic
Zeroed

Repetition of Cycles
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Unscreened Cable Construction

Private | © 2023  Rolls-Royce | 
UK Export Classification: 

PL9009c

Unscreened Cable

▪ 000 AWG
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Screened Cable Construction
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Screened Cable

Foil

Layer Type Materia
l 

Tape 
Width

Shape Type Dimensions Note

Conductor 000 AWG N/A Cu N/A Circular 409.6mil Diameter

Insulator N/A PE N/A Wrap 136.6mil Thickness

Screen Foil spiral 
wrapped

Cu N/A Outer 
Material

10mil Thickness

PE 10mil Inner 
Material

0.051mil Thickness

Insulator Outside N/A PVC N/A Wrap 0.5mil Thickness
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Probe Locations 
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Cable (Near)

▪ Cable (-20,0,0), Position (-50,0,-75)

H-Field same 
location as E-Field
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Probe Locations 
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Enclosure (Near)

▪ Nyquist 18023 Model [Foil Wrap Shield cable]  Enclosure (-25,0,100), Position (-55,0,0)

H-Field same 
location as E-Field

▪ Auto sample Model  230123 [Unshielded Cable] Enclosure (-20,0,75), Position (-50,0,0)

Note: 0mm from enclosure

Note: 5mm from enclosure, to 
overcome error message with 

finer mesh
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Probe Locations 
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Cable (Far)

▪ Enclosure (-70,0,0), Position (-100,0,-75)

H-Field same 
location as E-Field
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Probe Locations 
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Enclosure (Far)

▪ Enclosure (-70,0,75), Position (-100,0,0)

H-Field same 
location as E-Field
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Results



Overview Trace
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3D CM – TD 
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▪ No shield verses Foil Wrap Shield 

EMI Emissions of Modern PWM ac Drives – Gary 
L.Skibinski, Russel J.Kerkman, and Dave Schlegel 
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3D CM – TD 
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▪ No shield verses Foil Wrap Shield 

Zoomed In Trace

EMI Emissions of Modern PWM ac Drives – Gary 
L.Skibinski, Russel J.Kerkman, and Dave Schlegel 
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3D CM – FD 
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▪ 100Hz to 1MHz
▪Foil Wrap Shield verses no-shield
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CM 3D FD Current verses frequency chart
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1kHz

10kHz

100kHz 1MHz100Hz

1kHz

10kHz

100kHz 1MHz100Hz

Foil Wrapped Shield

Unshielded 000AWG

LF SE looks poor
2.1kHz

6.1kHz
28kHz

31kHz

fsc = 14.7436kHz

2fsc = 29.4872kHz
1.5kHz = Electrical machine

2nd Harmonic ~ 28kHz – 31kHz

Skin Depth Cut off Frequency kHz

Stainless Steel enclosure (0.002m thick) 43.54

Copper Foil Screen Thickness (0.000254m thick) 69.49



Auto sample (230123)
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Cable Phase Current – TD 
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Unscreened Model.



Auto sample (230123)
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Cable Phase Current – FD 
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Unscreened Model.
Electrical Machine ~ 1559Hz fsc = 14.7436kHz

2nd Harmonic ~ 28kHz – 31kHz

2fsc = 29.4872kHz



Nyquist (180223)
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Cable Phase Current – FD 
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Foil Wrap Shield Model.

Screen Current = Phase Current



30

Cable Phase Current – FD 
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Nyquist (180223)

Foil Wrap Shield Model.



No shield verses Foil Wrap Shield 
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E-Field – Near 
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▪ No shield verses Foil Wrap Shield 
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❑ E-field with Shielded cable & 
enclosure is much lower.

❑ In the lower frequency band (100Hz 
to 1kHz) the enclosure with no shield 
is effective, however, at 
approximately 1.5kHz, the enclosure 
provides less shielding, and so 
thereafter, the cable without a shield 
is better. 

❑ Order of EMC performance in lower 
frequency  band(100Hz to 1kHz):

1. Shielded cable + Enclosure
2. Shielded cable
3. Enclosure + no cable shield
4. No cable shield

❑ Order of EMC performance in higher 
frequency band (1kHz to 1MHz):

1. Shielded cable + Enclosure
2. Shielded cable
3. No cable shield
4. Enclosure + no cable shield

1kHz 10kHz 100kHz 1MHz100Hz

1.5kHz = Electrical machine



No shield verses Foil Wrap Shield 
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E-Field – Far @ 70mm
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▪ No shield verses Foil Wrap Shield 
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❑ E-field with shield & enclosure is
much lower.

❑ However, a unshielded cable
located in an metallic enclosure
will provide a reasonable amount
of electric shielding.

1kHz 10kHz 100kHz 1MHz100Hz
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Conclusion
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Conclusions
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▪ Although, the Copper Foil Cable Wrap reduces the cable
common mode (CM) current amplitude in TD (Time Domain), the
Copper Foil Wrap Shield appears to show that the RF CM
Conducted Emissions (CE) in FD (Frequency Domain) is worse
at low frequencies.

▪ Foil Wrap Shield cable reduces the CM RF RE (Radiated 
Emissions) Electric Field.

▪ However, unshielded cable with enclosure may be an adequate 
comprise, but more modelling work is required:

▪ Include:
▪ (a) braided shield 
▪ (b) drain wire 
▪ (c) Trefoil orientation in classic VFD cable study.

▪ Perform physical tests to validate modelling work.

https://www.basicwire.com/
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