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Communication interference D Sostousho,
from Motor PWM variants within hybrid cables

Setup

= Data Acquisition (DAQ) system
= Hybrid Cables

Variant 1

= Setup description
= ArmorKinetix Distributed Servo Drive (DSD)
= 50nsrise/fall time, 3m max hybrid cable length

= PAM3 signal
= PWM coupledtothe SPE line
= Grounding configurations

: The motor windings must be protected
= QOscilloscope capture

from the PWM reflections increasing the voltage
Vi) - by limiting the rise/fall time in proportion to the cable length.
= Setup description
= Kinetix 5700 Dual Axis Inverter
= 200nsrise/fall time, 90m max hybrid cable length
= PAMS3 signal
= PWM coupledtothe SPE line
= QOscilloscope capture

Discussion
= Signal to pulse noise margin

IEEE8B02.3dg Task Force, May 2024

ANALOG
DEVICES

expanding human possibility”  A,EAD OF WHAT'S POSSIBLE™



Data Acquisition (DAQ)

+

()

|

S

.

ADC >

+

S
+ L

S

QO OF——

Q

IEEE8B02.3dg Task Force, May 2024

used for measurements @ ot
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Hybrid Cable D fecton [ BHES

expanding human possibility”  A,EAD OF WHAT'S POSSIBLE™

Motor Brake Brake
Cable for connecting of motor setup incl. encoder and positioner Power pair shield
with motor drive / controller (PWM)

Motor
Cable includes power & brake lines together with communication Power
lines within one cable (PWM)

Overall
FFE[4G2,5+2x1)ST/N+2xAWG22)ST/SN/REJST/PUR shield

Communication
shield

Motor Communication

Ground  twisted pair
(PE)
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Variant 1

ArmorKinetix
Distributed Servo Drive (DSD)




ArmorKinetix Distributed Servo Drive (DSD) D Rostmeton CYANKDS
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DRIVE / INVERTER 3m HYBRID CABLE MOTOR SETUP
PWM
(50ns rise
time)
[
|
\
FEEDBACK POSITIONER|
/J7 T ....................... /7|7
DRIVE SIDE MOTOR SIDE
DAQ DAQ
I < - l
Ferrite Ferrite
Bead q:F Bead
Power Adapter Power Adapter
115Vac / 15Vdc 115Vac / 15Vdc
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ArmorKinetix Distributed Servo Drive (DSD) D Restmeton I ANSS
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. . . Controller and Drive
PWM withb0nsrisetime  Touch Interface

3m Hybrid Cable (On/Oft/Speed)
Power and
DAQ pair measures Comm to Drive Motor
coupled PWM (not SPE)
interference at each end
Drive-end
. DAQ Motor-end
Drive controls PWM to
DAQ
motor
= Held in position at zero Raised
speed is worst case Platform
Conductive
PC uses USB to attach to Reference
each DAQ to collect Plane N B B |
measurement _ Measurement collection
(modified for measurement) attachment




PAMS3 1Vpp Signal D Rashon [ BRHES
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Hybrid cable 3m, Motor not powered, PAM3 1Vpp

1.0
> 0.5 [
The Data Acquisition (DAQ) on .
one side of the cable g 00 “
transmitting PAM3 1Vpp signal o
The DAQ on the other side of o 7 7.5 8 8.5 9 95 10 105 11 115 12
cable capturing the signal uSeconds
Hybrid cable 3m, Motor not powered, PAM3 1Vpp
No visible attenuation / 1.0
distortion of the signal on 3m -
hybrid cable '
é 0.0
-0.5
-1.0
7 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 8
uSeconds
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Signal Coupled to Communication Pair

The Drive outputs 3-phase PWM signal

The Drive keeps the Motor in “hold” position

= Motor supplied by PWM signal, but not turning
= |dentified as the worst-case condition

The DAQ on both sides capturing the signal
coupled from the PWM power lines to the
communication differential pair

The bottom capture is the same setup
The Motor is turning the (max.) rated speed

= The signal coupled to the communication pairis
much lower amplitude

IEEE802.3dg Task Force, May 2024
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Hybrid cable 3m, PWM 50ns rise time, Motor holding, Drive side
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Change ingrounding - BAQ GND to cable GND @ st 3682
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DRIVE / INVERTER HYBRID CABLE

PWM

1T 1

7

—_—
: —I7\DATA+
FEEDBACK - | ¢ TpaTa_0_|POSITIONER
/77 MOTOR SIDE

DAQ GND hield
oa - connected [\ MDI+
. MDI-
x 1= to shield of /%
+ - 5 the cable /
rrite
B connector
Power Adapter
115Vac / 15Vdc

DAQ GND disconnected
from setup ground plain
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Signal Coupled to Communication Pair
(Change in grounding - DAQ GND to cable GND)
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Hybrid cable 3m, PWM 50ns rise time, Motor holding, Drive side,

DAQs grounded to cable connectors
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Change in grounding - Motor GND only via cable

DRIVE / INVERTER

HYBRID CABLE

MOTOR SETUP
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Power Adapter
115Vac / 15Vdc

Motor GND
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from setup
ground plain
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Signal Coupled to Communication Pair

(Change in grounding - Motor GND only via cable)

IEEE8B02.3dg Task Force, May 2024
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Oscilloscope Captures(ArmorKinetix, 3 m, 50 ns)
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MOTOR SETUP

Simultaneous DAQ In-line DRIVE / INVERTER HYBRID CABLE
Measurement Measurement PCB
PWM
\
|
/
FEEDBACK
/J7 DRIVE SIDE
= Isolated
DAQ Differential
Oscilloscope
Probes
Ferrite
Bead

Power Adapter
115Vac / 15Vdc

Isolated Probe Pair

CH1 and CH2 each measure CM to shield at SPE +/-
Scope M1 calculates DM
Allows line-side and PHY-side comparison

IEEE802.3dg Task Force, May 2024
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Oscilloscope Capture - PWM

» Wide capture without ADI test
pattern to confirm presence of
PWM

= DAQ has limited storage

» PWM transients every 125 us

IEEE8B02.3dg Task Force, May 2024
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B 1 1 1 I | 1 1 1 1 " 1 1 1 1 | I 1 1 1 | 1 I 1 1

_____________ ArmorKinetix

| 1 |

(L) 500.0mVidiv 500 By:1.0G @il -204.5n { A (Gip / -20.0mv ] 50.0ps/div 200MSls  5.0ns/pt
ez 500.0mVidiv 500 By:1.0G6 Q2 124.746ps None Narmal Stopped Single Seq

Qi 500.0mv 50.0us - 124.95ys 1 acgs RL:100.0k

Qlist) 8.003kHz Auto  March 29, 2024 11:35:18
Value Mean Min Max St Dev Count  Info

QEL) Pk-Pk  [740.0mV  [740.0m 740.0m  [7400m  [0.0 1.0

@&2) Pk-Pk  [900.0mV  [900.0m 900.0m  [900.0m o0 1.0

Qi) Pr-PK*  [520.0mV  [520.0m 520.0m  [s200m  |0.0 5.0
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Oscilloscope Capture - PWM

» ArmorKinetix with 3 m cable

» Short capture to see single PWM event
= Without ADI test pattern

» PWM pulses response persists for > 3 us

» Oscilloscope filters @ 1 GHz

= DM measures less than CM by ~2x
= M1 =480 mVpp exceeds amplitude at DAQ

IEEE8B02.3dg Task Force, May 2024
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78 Rockwell
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1
A “ J/340.0mv

@ 500.0mVidiv 500 51;‘-:1.06 -_504‘u9n5 1.0ps/div  5.0GS/s 200.0ps/pt
ez 500.0mVidiv 500 By:1.0G6 @2 2.465ps None Normal Stopped Single Seq l
- 500.0mV 1.0us -Zﬂligps 1acgs RL:50.0k

-336.314kHz Auto March 29, 2024 11:43:52

Value Mean Min Max St Dev Count  Info
L) Pk-Pk  [800.0mV  [300.0m [goo.om  Jsoo.om  fo.0 1.0
Q2D Pk-Pk  [860.0mV  [860.0m [s60.0m  [860.0m 0.0 1.0
Qi) Pk-Pi*  [480.0mV  [479.99999m |480.0m  [480.0m  [0.0 1.0
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Oscilloscope Capture - PWM
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ArmorKinetix with 3 m cable

Short capture to see oscillations in single PWM
event

= Without ADI test pattern

Oscilloscope filters @ 20 MHz

= |t was presumed that the HF interference ADDED
to the desired signal to create mismatch of the
oscilloscope measurement with the ADI board
(which has some HF filtering)

= DM measures less than CM by ~5x
= M1 =220 mVpp better matches amplitude at DAQ

Oscillations are ~125 ns (8 MHz)
= Relates to cable electrical length

IEEE802.3dg Task Force, May 2024

File| Edit | Vertical | Digital | Horiza’Acq| Trig | Display | Cursars | Measure | Mask | Math | MyScope| Analyze| Utilities| Help |B Tzt B
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(&) 500.0mVidiv 500 By:20.0M @i 2.315v A (&1 / 340.0mv 200.0nsidiv ~ 5.0GS/s 200.0p

@@z 500.0mVidiv 500 By:20.0M Q) -1.006v None Normal Stopped Single Seq 1

am AJns a S H |

@i 500.0mv 200.0 @ 3321V 1 acq RL:10.0k

Aute  March 29, 2024 12:14:59
Value Mean Min Max St Dev Count  Info

L) Pk-Pk  [940.0mV  [940.0m 940.0m  [940.0m 0.0 1.0

&2y Pr-Pk  [1.02v 1.02 1.02 1.02 0.0 1.0

@i Pk-Pk*  [220.0mV  [220.00001m [220.0m  [220.0m  [0.0 1.0
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Signal Coupled to Communication Pair D fecton [ BHES

. . expanding human possibility”  AHEAD OF WHAT'S POSSIBLE™
(in presence of oscilloscope probes) .

Hybrid cable 3m, PWM 50ns rise time, Motor holding, Motor side,
with Oscilloscope probes

PWM pulses response persists ~3us 0-10
0.05 H
Differential amplitude ~140mVpp § 0.00
-0.05 u
Oscillations are ~125ns 010
| 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12

uSeconds
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Variant 2

Kinetix 5700
Dual Axis Inverter




Kinetix 5700 Dual Axis Inverter
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DRIVE / INVERTER

18m HYBRID CABLE

MOTOR SETUP

1T 1

PWM
(200ns rise
Time)
Power
24Vdc
FEEDBACK
e DRIVE SIDE
DAQ
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Kinetix 5700 Dual Axis Inverter D ferkmet, [JANMOS
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PWM with 200ns rise time ControllcRlEEE)

) Inverter and Touch Interface
18m Hybrid Cable (1 of N) (On/Off/Speed)
DAQ pair measures 3-¢ Power and Rl
coupled PWM Comm to i Inverter-end
) Inverter ‘ _ D : DAQ
interference at each end (ot SPE) y |
Inverter controls PWM to
motor V.
= Held in position at zero Raised

speed is worst case B
Platform Motor-end
. DAQ
PC uses USB to attach to Conductive
each DAQ to collect Reference
measurement A B
18 m Hybrid PWM Cable Measurement collection

PC with USB for DAQ
attachment (not shown)

IEEE802.3dg Task Force, May 2024

(modified for measurement)
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PAMS TVpp Signal

1.0

0.5
The Data Acquisition (DAQ) on .
one side of the cable g 00
transmitting PAM3 1Vpp signal 05

-1.0

The DAQ on the other side of
cable capturing the signal

Little attenuation / distortion 1.0
of the signal on 18m hybrid oe
cable '
'% 0.0

>
-0.5
-1.0
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Hybrid cable 18m, Motor not powered, PAM3 1Vpp

7.5 8 85 9 9.5 10 10.5 11 11.5
uSeconds

Hybrid cable 18m, Motor not powered, PAM3 1Vpp

7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9
uSeconds
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Signal Coupled to Communication Pair D fecton [ BHES

expanding human possibility”  A,EAD OF WHAT'S POSSIBLE™

The Drive outputs 3-phase PWM signal

The Drive keeps the Motor in “hold” position

= Motor supplied by PWM signal, but not turning
= |dentified as the worst-case condition

The DAQ on both sides capturing the signal
coupled from the PWM power lines to the
communication differential pair

IEEE8B02.3dg Task Force, May 2024
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Oscilloscope Captures (Kinetix 5700, 18 m, 200 ns) B Hometon [YANALOS
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Simultaneous DAQ
Measurement

DRIVE / INVERTER HYBRID CABLE MOTOR SETUP

PWM

N —11

: —F7\ DATA+
FEEDBACK Yot - DATA |POSITIONER

In-line

DRIVE SIDE MOTOR SIDE
Measurement -
= Isolated =
PCB DAQ D Differential ﬂﬁli DAQ
Oscilloscope b
Probes o
Ferrite Ferrite
|SO | ated Bead q:F Bead
Probe Pair YRR o TR o
CH1 and CH2 each measure CM to shield at SPE +/-
Scope M1 calculates DM
Allows line-side and PHY-side comparison
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Oscilloscope Capture - PWM

» Wide capture without ADI test
pattern to confirm presence of
PWM

= DAQ has limited storage

» PWM transients every 125 us

IEEE8B02.3dg Task Force, May 2024

Edit ‘ Vertical ‘ Digital

HoriziAcq ‘ Trig

Display [ Cursors

Measure

Mask ‘ Math ‘ MyScope

N Rockwell
Automaltion

ANALOG
DEVICES

expanding human possibility”  A,EAD OF WHAT'S POSSIBLE™

« &) )

T T T

LA |

1 '| T Y 1 I

Klnetlx

T I

L L L L
@ 1.0V/idiv

A “ /420.0mv

500 By:20.0M Qi -125.055ps
&z 1.0vidiv 500 By:20.0M - 104.5ns
- 500.0mV 50.0us - 124.95ps
8 003kHz
Value Mean Min Max St Dev Count  Info
EL) Pk-Pk  [812V .12 4.12 4.12 Jo.0 1.0
Q&2 Pr-Pk [412v 4.12 4.12 4.12 jo.0 1.0
Qi) Pk-Pk*  [360.0mV  [360.00001m [360.0m  |360.0m  [0.0 1.0

50.0usidiv 200MSis

1 acqs
Aute March 29, 2024

Stopped Single Seq l
RL:100.0k

5.0ns/pt

16:09:03
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Oscilloscope Capture - PWM D Rorsraton I BNNGS
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Kinetix 5700 with 18 m cable

File |[ Edit I .v-:nim : Digital ‘ HDfiziA{:q.|rTrig | I.]lsg:layw} CIIJrsc:r!. [ Me‘asure IMa‘:‘.k } M:Ialh ] M):'knlvpel A.Tatylze I‘umlmzsli I'Iieip‘ IE] - o F;,-;:_ E]
Short capture to see oscillations in single PWM
event ' Y
= Without ADI test pattern

Oscilloscope filters @ 20 MHz

= DM measures less than CM by ~9x :
= M1 =400 mVpp exceeds amplitude at DAQ ; n N
@ ...:_:.__;:,______.&ZLH.:\ j‘v ‘ T; \ :'{ .:.‘ltx\“ d:..’-'"':al i ?"r;-’-“.'._k TP e TS i e e R A R TR s R S T A
. .“:ﬂ 7 ,r .y
PWM pulses response persists for > 4.5 us i YHIV 2R
OSC|”at|0nsare~620ns(16MHz) o R o I R B SR S S R R
(e 1:0vidiv 500 By:20.0M Qi) 72.91ns “09 j420.ﬂmvmmmlI 1.0psidiv  5.0GS/s 200.0ps/pt
= Relates to cable electrical length — | i —
H .616MHz Auto March 29, 2024 16:03:03
= Waveform appears to have multiple frequency —
Components pr— 3Is\4l:Iua 3I“Mnan SIuMln ms:lax 0“)Sillnv 1‘°Cnunt Info
. . &2y Pk T 7 .7 .7 E 1.
= The measurement varies by a couple 100 kHz in e o

multiple captures, possibly due to independent
addition of frequency components

IEEE802.3dg Task Force, May 2024 26



Signal Coupled to Communication Pair D fecton [ BHES

expanding human possibility”  A,EAD OF WHAT'S POSSIBLE™

Hybrid cable 18m, PWM 200ns rise time, motor holding,drive side,

PWM pulses response persists > 4 us with Oscilloscope probes
= DAQ has limited buffer 0.15
0.10
. . . 0.05
Differential amplitude ~200 mVpp 2 o0
o Y. e
- -0.05
Oscillations are ~600 ns -0.10
. -0.15
= Multiple frequency components 7 7.5 8 8.5 9 95 10 105 11 115 12

uSeconds

27
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Discussion
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Variant 1 D seititon CABNES

. . . . . expanding human possibility”  A,EAD OF WHAT'S POSSIBLE™
ArmorKinetix Distributed Servo Drive (DSD)

Hybrid cable 3m, Motor not powered, PAM3 1Vpp

1.0
PWM with 50ns rise time
3m Hybrid Cable (specified max. 4m) 05 WV TR
| £ 00 | 1] |
PAMS3 test signal 1Vpp |
= Passing through 3m cable without visible attenuation -0.5 ‘ ' U ' I d'” ‘“ "L '\"
= Assumed slicer thresholds +250mV
-1.0
Interference signal from motor power /o758 85 9 95 100 105 11 IS 12
PWM coupled to shielded twisted uSeconds
communication pair Hybrid cable 3m, PWM 50ns rise time, Motor holding
= Motorin holding position 1.0
= Motor not grounded
= DAQ grounded to cable/connector
0.5
Pulse disturbance approx. £55mV § 0.0 A
= Amplitude and frequencx will depend on
cable length, termination, etc... 0.5
Sufficient signal / pulse noise margin 1.0
. . . 7 7.5 8 8.5 9 9.5 10 105 11 115 12
= Will get only better at higher PAM3 amplitude uSeconds

29
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Variant 2 D seititon CABNES
expanding human possibility”  A,EAD OF WHAT'S POSSIBLE™

Kinetix 5700 Dual Axis Inverter

PWM with 200ns rise time Hybrid cable 18m, Motor not powered, PAM3 1Vpp

18m Hybrid Cable (specified max. 30m)

1.0

0.5 n
PAM3 test signal 1Vpp o | (il H |‘,.“'”| l“ “‘ l
= Passing through 18m cable with little attenuation E 0.0 n HIMH“II”‘MIN“’“N‘II"Mmll
= Assumed slicer thresholds 250mV L N1 '1 [ |
05 AL LWL 1]
g]\}vel\clferenclzedsignahl.frlcc)jmdmo’gor pdower o
coupled to shielaed twiste o
communication pair 7 7.5 8 8.5 9 uSegclc?nds 10 105 11 115 12
= Motorin holding position
" Motor not grounded Hybrid cable 18m, PWM 200ns rise time, Motor holding
= DAQgrounded to cable/connector 1.0
Pulse disturbance approx. £140mV 05
= Amplitude and frequency will depend on
cabFI)e length, term(ﬂnatlor)wl, etc... . £ 00 — S
>
Some signal / pulse noise margin -0.5
= Should be better at higher PAMS amplitude 10
7 7.5 8 8.5 9 9.5 10 105 11 11.5 12

uSeconds

IEEE8B02.3dg Task Force, May 2024
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Variant 2 - but with Higher PAM3 Amplitude D Retmston [ HMHRS

. : . expanding human possibility”  AnEAD OF WHAT'S POSSIBLE™
Kinetix 5700 Dual Axis Inverter o

Hybrid cable 18m, Motor not powered, PAM3 2.4Vpp

1.5
1.0 .
05 | ﬂ | Inl ﬂ n
PAM3 signal 2.4Vpp g |
o .
= Mathematically scaled from 1Vpp data ~ 05 5
= Forvisual comparison -1.0 | u ' '“ | |
= Validatedin a different setup 15
= Assumed slicer thresholds => +600mV 7 7.5 8 8.5 9 9.5 10 105 11 115 12
uSeconds
Pulse disturbance approx. +140mV Hybrid cable 18m, PWM 200ns rise time, Motor holding
1.5
1.0
Better / sufficient signal / pulse noise 0.5
margin 2 oo e~ —
s o
-0.5
-1.0
1.5
7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12
uSeconds

IEEE8B02.3dg Task Force, May 2024
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Thank you!
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