Trans. Korean Soc. Mech. Eng. A, Vol. 38, No. 7, pp. 785~797, 2014 785

Ix
i

A
ot
y
A

\Y

DOI http://dx.doi.org/10.3795/KSME-A.2014.38.7.785 ISSN 1226-4873(Print)
2288-5226(Online)

AE Aol A 2BE 98 EtherCAT A4l 5713k A5 H7)

2l 271" M o o

o - O

* AEA AL 7] A Ba skt

Evaluation of EtherCAT Clock Synchronization in
Distributed Control Systems

Woonggy Kim" and Minyoung Sung*f

* Dept. of Mechanical and Information Engineering, Univ.of Seoul.

(Received April 9, 2014 ; Revised May 20, 2014 ; Accepted May 20, 2014)

Real-time Ethernet(] A|7F o]t Yl), Distributed System(=A2F A]2~El).

ZE: EtherCAT2] A4l 713} 71} <Ql DC(Distributed Clock):= A AI7F #4F o] AJ2BloMd e &5
B3
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EtherCAT DC 7|'H¢] Ad%& H7I3tr}t. Xenomai®l IgH EtherCAT 2~¥1-S ©]-83}o] EtherCAT Alo] A]2~
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& g A}k 53], Al=H VI AAle] TRl wheh vy FX o] F2bo] A O R AFolstr ug-
UE Ads SAS 2UstRRE, 7le AAY e 253 o] FolAok g o 4 Ut

Abstract: Support for the precise time synchronization of EtherCAT, known as distributed clock (DC), enables
the design of highly synchronized operations in distributed real-time systems. This study evaluates the
performance of the EtherCAT DC through extensive experiments in a real automation system. We constructed
an EtherCAT control system using Xenomai and IgH EtherCAT stack, and analyzed the clock deviation for
different devices in the network. The results of the evaluation revealed that the accuracy of the synchronized
clock is affected by several factors such as the number of slave devices, period of drift compensation, and
type of system time base. In particular, we found that careful decision regarding the system time base is
required because it has a fundamental effect on the master operation, which results in significantly different
performance characteristics.
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Fig. 1 Propagation delay measurement
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Fig. 3 Schemes for system time base
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Master (Industrial PC)

DC synchronized signal
Dummy I
Slave A Slaves Slave B Oscilloscope
EtherCAT master (Tektronix DPO3014)
w9 -
388 S
000
T (
Full-duplex )
Ethernet cable

(a) System organization to measure the DC signal time.

Model Nexcom NISE3500P2

CPU Intel Core i7-620M Processor
RAM 4GB

NIC Realtek RTL8139D 100Mbps

0S Linux 3.4.6 / Xenomai 2.6.2.1
Master stack IgH EtherCAT master stack v1.5.2
Slave

Model Texas Instruments TMDXICE3339
CPU Sitara Cortex-A8 AM3359 SoC
RAM 1GB

0S SYS/BIOS v6.33.5.46

Slave stack Beckhoff EtherCAT slave stack vo.01

(b) Experimental EtherCAT control system.

Fig. 4 Experimental control system for the measurement of DC signal time
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Fig. 5 Estimation of clock deviation based on measured signal times
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Table 1 Preliminary result on the estimated clock

deviation
Scheme Configuration X (ns) s(ns) At pe (ns)

AB -3.53 2347

MCB -3.00
BA -2.47 21.26
AB 0.53 6.33

SCB 1.30
BA 247 9.60

Table 2 Clock deviation according to number of
slaves (in ns)

Number of Slaves (V)

2 4 6 8
Al pe -3.00 -76.79 -80.82 -117.60
Std. dev. 2347 36.86 52.65 43.83
MCB 95%CI 1277 20.05 2865 23.8
Max 50.38 37.71 11.32 -3549
Min 5205 -12560 -129.80 -208.80
At pe 150 -22.04 -47.73 -55.40
Std. dev. 6.33 14.36 23.99 29.12
SCB 95%CI 344 781 13.05 15.8%
Max 14.44 5.29 13.87 -6.49
Min -1471 -083 -9832 -103.90

Scheme  Parameter
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Fig. 7 Estimated clock deviation (Atp.)
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Table 3 Clock deviation for different drift compensation
periods(7;,,,.). (N=28, in ns)

Scherre ]: yne At DC Std. BRI Max Min
Dev.
0oms -11760 4383 238 -3549 -20880
MCB
40ms -29669 11778 6409 9349 -526.30
Ooms  -5o40 2912 158 649  -103.90
SCB

40ms 5368 2138 1163 692 9659

MCB W2lol X Aty @
7152 05mse®  AAs] 2
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Fig. 8 Clock deviation between the master and reference slave (the x-axis is the sample number while
the y-axis is the measured clock deviation in nanoseconds)
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