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Purpose

* Recap link segment, noise environment, latency requirement
* Discuss reliability requirement

* Layout factors that contribute to latency and reliability

* Discuss potential link segment specification options



Link segment

 Specially-designed motor feedback cabling

Motor feedback system Link segment: SPE cabling instead of RS485 cabling

* Shielded AWG22 single twisted pair in motor cable

Up to 100m * Up to 100m (e.g., 90m main cable + 10m extension)
A * Up to 2 inline connectors (extension cable connector and
shielded twisted shielded twisted motor connector)
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Link segment

* RS485 cabling for existing
installation

 Whitepaper Cable and connector

Number of wires:
Recomm. wire diameter:

Style:
Shielding:

Max poss. cable length:

2 (for encoder supply & communication)

0,34 mm? (e.g. AWG22); flex wires, copper

typically 19 x 0,15 mm

shielded twisted pair

coverage >85 %

Type of shielding (braided and foil) based on the cable rated utilization
up to 100 m (for HIPERFACE-DSL®)

The above listed wire cross section of 0,34 mm? is related to a max. possible communication distance of 100 m. As long as the
other requirements for the communication are met it can be reduced for shorter distances (<25 m). Tests are recommended prior

to final decision.

Based on today's knowledge recommendations for electrical performance are as followed:

DC-line resistance:
Line impedance:
Propagation delay:
Velocity rate:

Line attenuation:
Test voltage:

< 100 Q/km (for each wire)
110 +10 0

< 4.8 ns/m

>0,66c

<5dB/100 m @ 10 MHz
e.g. 600 Vor 1000V

The numbers shown below are some references based on initial tests and field application experiences with running DSL-utiliza-
tions. These values are neither fix design goal nor valid for all kinds of application. The purpose is to provide some basic informa-
tion of currently running systems.

Capacitance:

Dielectric coefficient:
Crosstalk attenuation:
DC-shield resistance:
DC-shield resistance:
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<100 nF/km @ 1000 Hz (wire to shielding)

<50 nF/km @ 1000 Hz (wire to wire)

<23

<50 dB (up to 100 MHz; power line to data line))
<65 m Q/m (shielding motor cable)

<150 m O/m (shielding DSL cable)

pair Ethernet cabling for new
installation

e Standardized (IEC61156-12) single

* Industrial Single Pair Ethernet Cable

Electrical Characteristics

ELECTRICALS

Max. Conductor DCR Max. Capacitance Unbalance

59.4 Qhmy/km 1,600 pF/km

DELAY

Frequency Max. Delay Max. Delay Skew
100 MHz 538 ns/100m 25 ns/100m

HIGH FREQUENCY

Min. RL Min. Min.

| Gt Rewmes) | TOL RO ohm] | Attenuaton (48]
1 31dB/100m 20 40 40 50

4 5.6 dB/100m 23 40 28 76

a8 7.8 dB/100m 245 365 219 83

Lo} 8.7 dB/100r 25 35.0 200 100

16 11 dB/100m 25 319 159 135

20 12.3 dB/100m 25 305 14 155

25 13.8 dB/100m 242 29 12 178

30 151 dB/100m 235 278 10.5 200 85
60 21.4 dB/100m 209 233 5 85
100 27.8 dB/100Om 19 20 5 84
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https://www.belden.com/products/cable/ethernet-cable/industrial-ethernet-cable/spe404
https://cdn.sick.com/media/docs/5/65/265/Whitepaper_Cable_and_connector_for_HIPERFACE_DSL%C2%AE_Motor_Drive_Applications_en_IM0063265.PDF

Noise environment

Motor Frame

* External noise 'S\ﬂ?;f;r Cﬂ‘i Comm.
* EFT/CI test method cable Shield
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https://www.ieee802.org/3/dg/public/May_2022/xu_3dg_02_09132022.pdf
https://www.ieee802.org/3/dg/public/May_2022/xu_3dg_01_09132022.pdf

PHY latency requirement

e |[s “<=1.5us” feasible for 100BASE-T1L PHY?

Maximum feedback data acquisition time

Mate 1: anly single encodar on the sarwo mateor inthe real system, this ancoder
entityis only for showing the cyclic information flow in a chronological order
Mechanical

T i fing

i i 100m SPE ) 100m power e

: Er:fiqler : e cable SENO MOtor - EncOder
b i

Position Feedback data Drive executes control algorithm and then outputs the Position
sampling | aequisition medulated veltage/current to move moter to next position sampling

time

Data update cycle time: 31.25us, 62.5us or 125us

-

Feedback data acquisition time shall be less than or equal to 10us

Maximum PHY latency (TX+RX)

Encoder

wew N wac

App TX
latency

0.5us

PHY TX

latency

?

Servo Drive
100Mby/s, 100m SPE cable
PHY MAC MCU
Ethernet frame Ethernet signal PHY RX App RX Margin
transmission time | propagation time | latency latency time
5.76us (72 bytes) 0.6us L2 05us | 1.0us

feedback data acquisition time <= 10us

PHY latency (TX+RX) <= 1.64 us = (10-0.5-5.76 -0.6 —0.5-1.0 ) us

PHY latency (TX + RX ) shall be less than or equal to 1.5us
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PER and PHY BER Requirement

* 1000 axis, 1 fault per 1 year
* 31.25us, 64 bytes Ethernet frame
* 3 packet loss/error in a row at default

* 3 packets lost in a row
* PER 4.62751E-06
* BER 8.03388E-09

PER: Packet error rate

] BER: Bit error rate
* 2 packets lost in a row

e PER 9.95455E-09 Industrial Automation Bit
e BER 1.72822E-11 Error Rate Calculation



https://grouper.ieee.org/groups/802/3/10SPE/public/adhoc/brandt_082216_10SPE_01_adhoc.pdf

Factors that contribute to S/N and BER

Modulation EFT: 2KV, 100Khz
Burst, 15ms

(e.g., PAM3) Cl: 10V, 80% AM

PWM Noise:
<10V, 0.1-
10Mhz

TX Signal motor
(e.g., 2.4V) cable
shield

Comm.
cable
shield

100m
AWG22

e Channel attenuation (link segment)
RX Signal RX Noi

* Insertion loss (IL) ks —

e Screen attenuation (SA)

* Coupling attenuation (CA)
 Modulation and TX signal (PHY)

* FEC (PHY)

Note: this analysis
is mainly made for
motor feedback
communication
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FEC effect

Burst, 15ms
(e.g., PAM3) Cl: 10V, 80% AM

PWM Noise:
<1ov, 0.1-
10Mhz

TX Signal motor

* Improve the PHY BER JETM o

* Cause the PHY latency A

* Additional bits for error correction and
more algorithm processing time RX Signal RX Noise

Comm.
cable
shield

* Add additional complexity and cost

FEC is not required if S/N is good enough
to achieve the BER objective

Note: this analysis
is mainly made for

motor feedback
communication
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s FEC required for 100BASE-T1L PHY?

Modulation
Burst, 15ms
(e.g., PAM3) Cl: 10V, 80% AM

e “No” for 100m motor feedback
communication motor

(e.g., 2.4V) cable
shield

PWM Noise:
<10V, 0.1-
10Mhz

e “YES” for 500m process automation
trunk communication?

Comm.
cable
shield

RX Signal RX Noise

* If required for 500m use case, how
to and how difficult to bypass FEC to
reduce the PHY latency for motor
feedback communication?
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Link segment specification options

Potential Link segment specification options:

* Optionl: specify one link segment for 500m process automation trunk
communication

* Option2: specify two link segments: one for 500m process automation trunk
communication; the other for 100m motor feedback communication

Which option?



Summary and suggestion

* Recap link segment, noise environment, latency requirement
* Discuss reliability requirement
* Layout factors that contribute to latency and reliability

* PHY experts to evaluate the necessity of FEC
* Discuss and determine the link segment specification direction
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