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Common Mode
Current Paths

Nidec: Guide to best practices - Motor-drive systems -

Reference: 5626 en - 2018.11/ a
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RF CE Reminder

lllustration 2 - Common mode currents
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: Common mode structural capacitance of the motor

: Common mode capacitance between the cable and its shield or the environment
: HF leakage current paths

: The structural capacitances between active parts of the inverter and earth

: Structural capacitance between the power supply and the earth.
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O 2 Measurement Approach
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Measurement Approach

100000
10000 MK
Impedance to Ground
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§ 110° //(/ \\_ Figure 12 (Comparison between RHS and LHS three phase generator impedance to ground)
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E 100 // \\\ From the above graph using reference 21, the ESR and ESL of the 30nF can be calculated to be equal to:
i FT \\“ ESR = 2.05Q & ESL = 52nH assuming fo = 4MHz.
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From the above graph using reference 21, the ESR and ESL of the 1.64mF can be calculated to be equal
7 to: ESR = 0.00190 & ESL = 315nH assuming fo = 7 kHz.
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Model Summary Introduction

= Unscreened verses Screened AWG ‘000’ cable study for a VFD application:
Objective = Screened cable uses a Copper Foil wrap.

= Unscreened (230123) model uses Auto sampling co-simulation technique
Setting the Scene

= 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.
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3D Model

Top View Cable

i / 3D CM
N3 to N4 = Phase A(SW2) /
G !53
Cable CM

N1 To N2 = Phase B (SW1)

Enclosure

4 z
~ —
= =
o

6

N5 to N6 = Phase C(SW3)

_ Ground Plane (Aluminium)
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3D Model

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

Enclosure View
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=  From 230123 Model.

Mesh View




Mesh View

n

From 180223 Model.

ﬂ IW general prep for TT model_f(1802123) [

Mesh View

High Frequency Cable Mesh
Solvercells 28624
Meshcells 35178
Meshplane at X 0.000 mm
Symmetry planes no

X.Y,Z -304867,-94972, -6715mm
3D Schematic Mesh View E:i - .
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Unscreened Schematic

= Co-simulation technique

3 phase rectification Diodes

Unscreen_ed Winding Inductance and resistance phase { \l
Schematic

values

Generator phase z“j " :"j .
voltages A 3D Space g 2 g Iz
I r O LU

Impedance to ground
7 of DC Link Capacitor
(ESR, ESL &
Capacitance Values)

BociDide

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

A
v

- Common Ground J
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Screened Schematic

= Changes shown below

Screened Schematic

7(N4_AWG_lpod 5(£_ch_ooo
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11(N6_AWG_000) 0(N5_AWG_000
sci i sci)
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S A Screéen S_A_Screen)
2(N1_AWG_000 4(N2_AWG_000
S B Screen) S B Screen)
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R{ Excitation Signals
I

= E-Fan-X measured data

= Generator Phase Voltages @ 1500rpm
Excitation Signals = 2.6ms

“* Converter CE Modelling FD JW 050222 vi7= [£J

M O n OtO n I C Excttation Signals
1402.4
Ze roed —— 15000rpm_phase_to_neutral_R1
i+ : : : : : i : : i i —— 15000rpm_phase_to_neutral 51
Re petltlon Of Cyc l'es — 15000rpm_phase_to_neutral_T1
1000 4-------preea : : ; : : default

500 -1 -1 - F- PO H-F-F-F R b

500 -1 T

-1000 -1

-1219.9

0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2 2.1834
Time / ms
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Unscreened Cable Construction

= 000 AWG

Unscreened Cable [ » 1 Eat Cable <
Cross Section R @ °}’ X al
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Screened Cable Construction

Layer Type Tape Shape Type
Width

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

Screened Cable

Insulator N/A PE N/A Wrap 136.6mil Thickness
 Screen
Sredntye: EERT R T 3 [] Consider transfer admittance Screen Foil spiral Cu N/A Quter 10mil Thickness
Tooe vt 10 fm]  Tum: o wrapped Material
(@ Wrap angle [Deg]: |45.0 5 i i
Toner materidl... | [PE 0051 | [mi] PE 10mil Inner 0.051mil Thickness
O Overlap width: [mil] .
Outer material... Cu 100 | [mi] Material
O Gap width: 2286457 | [mil]
Modeltype: | Analytca formia Insulator Outside N/A PVC N/A Wrap 0.5mil Thickness
Export screen model +
|  Impedance preview =
| | Preview max. frequency [Hz]: |1.06 Data Curves
[ impedance L<|
i ; i [] Shielding effectiveness ! S el
" 000g ===k s s o B e OB Maditod_00_Scroen A tame: a8 arane.. | tock
L G A Axsx:  [ALogarithmic 40 Y 7 Taces [/ tegrents B turde
% I O o b o Scale: [Mega v 100 s (s
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R RO .. (AN % =1
GaLue e . L AxisY: [ Logarithmic °
0.1 : . . 100 Tt Cable Type
1.0000E-7  0.0001 0.1 100 100000 Scale: (none) ol
Frequency L) Format: |standard v 100 Renwme... | Loca s |l
@Basic T/ Fitted T A Basic R« Fitted R o i
P ]
ik befined by, Diameter 2 [t
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Probe Locations

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

Cable (Near)

H-Field same
location as E-Field
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Probe Locations
Nyquist 18023 Model [Foil Wrap Shield cable] Enclosure (-25,0,100), Position (-55,0,0)

Enclosure (Near)

H-Field same —
lOCGtiOﬂ as E—Fleld Note: 5mm from enclosure, to

overcome error message with
finer mesh

E-Field (-25 0 100)
T Efield

n -55,0,0

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

L.
N

[ = %’ N3 N4 N N2
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Probe Locations

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

Cable (Far)

H-Field same
location as E-Field

Private | © 2023 Rolls-Royce |
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PL9009c E_Field (Farfield) (Cartesian) (-70 0 0)

21 Type Efield {farfield)
Position -100,0, -75




Probe Locations

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

Enclosure (Far)

H-Field same
location as E-Field
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2 Type  Efield (farfield)
Position -100,0,0
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Overview Trace
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Fig. 8, Expanded neutral-to-ground voltage (100
VIDiv) and iy CM current (2A(Div) for 30 Hz

output {“0" at offset 4 div; 50 \s/Div},

EMI Emissions of Modern PWM ac Drives - Gary
L.Skibinski, Russel J.Kerkman, and Dave Schlegel
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3DCM-TD

No shield verses Foil Wrap Shield

Amps

30

If
|
I

W

i

i
|

.5

-

Seconds

TD_3D_CM_Nqy_sheilded

——TD_3D_CM_no_shield

3D_CM_TD_Close_up_ny_se_180223




3DCM-TD

= No shield verses Foil Wrap Shield

Zoomed In Trace 20
T T 20
' )
W f‘ Wl 10 | i
lldvs F«w a TD_3D_CM_Nqy_sheilded
g 01 y )
l < 1. A . . 1|13 1.15 “ A9 ——— TD_3D_CM_no_shield
]‘_V,g ey - 3D_CM_TD_Close_up_ny_se_180223
| \‘.:1
[ 4 4| = -10 I U U t F

Fig. 8, Expanded neutral-to-ground voltage (100 U v

ViDiv) and Iy CM current (2AIDiv} for 30 Hz

ontput {“0" at offset 4 div; 50 us/Div), -20

EMI Emissions of Modern PWM ac Drives - Gary
L.Skibinski, Russel J.Kerkman, and Dave Schlegel
-30
Time
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= 100Hz to IMHz

= Foil Wrap Shield verses no-shield

3DCM-FD

CM 3D FD Current verses frequency chart

Foil Wrapped Shield 21,

2" Harmonic ~ 28kHz - 31kHz .

T e S S S S B LE_SE looks paoor

0.0045

fsc = 14.7436kHz
2fsc = 29.4872kHz

0.0040

1.0000
100 1000 10000 100000

0.1000
E
§ 0.0100
£

0.0010

0.0001 Erequency (Hz)

Skin Depth Stainless Steel (m)  —— Skin Depth Copper {m)
Skin Depth Cut off Frequency kHz
Stainless Steel enclosure (0.002m thick) 43.54

Copper Foil Screen Thickness (0.000254m thick) 69.49
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28KH 51.5kHz = Electrical machine
6.1kHz 1 0.0030
é E 0.0025
< i
§ E 0.0020
i 0.0015
i 0.0010
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oS— ——— —— - OkH%
0.0001 0.0010 0.0100 0.1000 : .oooo
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——3D_CM_FD_Linear_Y_no_shield ——3D_CM_FD_Linear_Y_ny_se
Q.
,/
3 e FD_3D_CM_Ngqy_shielded
R
/ ——— FD_3D_CM_no_shield
/% \ ————————— 3D_CM_FD_ny_se_180223
A/ LT n
T'OKMZ 0
1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00
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Auto sample (230123)

27

Unscreened Model.

Private | © 2023 Rolls-Royce |
UK Export Classification:
PL9009c

Cable Phase Current - TD

e

JW general prep for TT model_f(230123)* [ ‘
TD Currents
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' —— Iphase_R1_Near
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Cable Phase Current - FD

s s wiaiRsI> UL nedun A FiuL Leyciu Lurve L vy s

IW general prep for TT model_f(230123)* £

Double click on a curve to place a curve marker (Press ESC to leave this mode)
AUto sample (230123) FD Currents [Magnitude]
180 N
Iphase_R1_Near
Unscreened Model. M-
: — Iphase_T1_Near
160 4------- :
140 4------- :
<
3
@
o 1
120 4 ;
S H
L
5
o
100 1---e- ;
80 f-------+
Gi ( 0.001559407, 157.1918 )|:
Q (0.02804262, 146.3724 ) H t +— t i ——t— : ————t
% (0.03110843, 143.4326 ) p-05 2e-05 4e-05 0.0001 0.0003 0.001 0.002 0.004 0.01 0.02 0.04
Q‘ (10.02188346, 139.7271 ) Frequency / MHz
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Cable Phase Current - FD

Nyquist (180223) ) |
Foil Wrap Shield Model.
g 1] = =]
Screen Current = Phase Current 150 { o h.scres o

50 .J ‘ . . M ] m
3 At N’WH MW(VV# TR
QI L7 LAY
uv ‘H \‘V'”V 1 Yl
& “\ = |
i bl ru‘ | AT' I R e
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Nyquist (180223)

Foil Wrap Shield Model.
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Cable Phase Current - FD

Current / dBuA

FD Currents [Magnitude]

160 -+ E

140 --------
120 ........
100 4----- ;
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60 forenredrnsbondecbdebhbe
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———+—++

-+ t

1e-05 2e-05 4e-05

0.001 0.002 0.004
Frequency / MHz

0.01 0.02

+—+

0.04
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— CM1#AWG_000_S_B_1 <CSSCHEM1...
— CM2#AWG_000_S_A_1 <CSSCHEM1...
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No shield verses Foil Wrap Shield

a

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):
Shielded cable + Enclosure
2 Shielded cable

3. Enclosure + no cable shield
4 No cable shield

=y

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
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E-Field - Near

No shield verses Foil Wrap Shield

rical machine

1.5kHz = Elect
X

/&MM”\\¢

-

/' """ g f

4t N\ e ™ /

N’ / N | V.
- |~

el

1.00E-04

100Hz

1.00E-03

1kHz

1.00E-

10kHz

02 1.00E-01

100kHz

1.00E+00

IMHz

e_fielld_near_cable_no_shield

e_field_near_enclosure_no_shield

—————————— e_field_near_cable_ny_180223_se

~ === e_field_near_enclo_ny_180223_se




No shield verses Foil Wrap Shield

a E-field with shield & enclosure is
much lower.

a However, a unshielded cable
located in an metallic enclosure
will provide a reasonable amount
of electric shielding.
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E-Field - Far @ 70mm

= No shield verses Foil Wrap Shield

e_field_far_cable_no_shield

e_field_far_enclosure_no_shield

------ e_field_far_cable_ny_180223_se

______ | — A
foherie = T
S S R e IR ~6& N N -: ':.w,l v N :‘ ==~ e_field_far_enclos_ny_180223_se
1.00€-04 1.00€-03 1.00€-02 1.00€-01 1.00E+00
100Hz 1kHz 10kAz 100kHz IMHz
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Conclusions

= 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.
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Fourier series 0‘:ﬁ'
Eq. 12-7 (See 5
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