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The actuator/sensor interface (AS-Interface) is a leader in the 
lower field level (sensor/actuator level), with more than 18 mil-
lion nodes installed, and is still growing. The critical features of 

this versatile field bus system include efficiency, convenient operation, 
flexibility, interoperability and a future-proof concept. But what are 
the limits of maximum linear expansion in practice? 

Not only was this question important to a company well ahead in 
integrated solutions and branded products in cable and connection 
technology – but also to student, Christoph Möckel, who made it his 
goal to find an answer.

 Even before the study began, it quickly became clear that the AS-
Interface cabling is extremely important for the behaviour of the entire 
system. The yellow bus cable is not only used for data communication 
between the master and the connected slaves, but also to provide 
power. Designed to improve the energy supply, the new AS-Interface 
cable with a 2,5 mm2 conductor cross section, has a lower voltage 
drop than the standard AS-Interface cable with 1,5 mm2, thanks to the 
lower dc resistance. This enables loads with higher supply currents, 
such as actuators, to be connected and operated reliably.

In addition, the open network topology (tree, ring or star struc-
ture) is of crucial importance for the behaviour of the entire system. 

The current AS interface specification (version 3.0) provides 
the defined limits for the electrical properties of the AS-Interface 
cable, and limits the cable length to 100 m (or 50 m for AS-Interface 
Power24).

Another critical factor is the capacitance distribution (capacitance, 
inductance, series resistance and shunt conductance) of the bus cable, 
which is highly dependent on the insulation material. The capacitance 
of the cable has a significant influence on the signal quality, propaga-
tion rate and, ultimately, on the characteristic impedance of the bus 
cable. Compared with PUR or rubber cables, a bus cable with TPE 
(thermoplastic elastomer) as the insulation material has a consider-
ably lower material-specific capacitance. For this reason, this type 
cable was used for this study.

 Reflections of the transmission signals occur at the non-terminat-
ed end of bus cables which results in a deterioration of AS-Interface 
communication with cable lengths greater than 100 m. This deterio-
ration is caused by reflections, signal transit times and attenuation.

It should be noted that an AS-Interface network expansion enables 
linear expansion to be extended up to 200 m. This network expansion, 
and the use of AS-Interface repeaters, was not part of this study.

It is not just the electrical properties of the bus cable that influence 
the system behaviour, but also the AS-Interface power supply used 
(29,5 V to 31,6 Vdc or 21,0 V to 31,6 Vdc for AS-Interface Power24) with 
safe isolation (PELV – Protective Extra Low Voltage). The AS interface 
power supply must have appropriate data decoupling. Potential-free 
and symmetrical earth installation of the entire AS-Interface bus cable 
also needs to be analysed. Up to 62 slave modules can be connected 
to an AS-Interface bus cable.  Each of these slave modules represents 
an inductive, capacitive and ohmic load, which thus has an effect on 

Maximum linear 
expansion of bus systems
By C Stein, Lapp Group

A student made a significant discovery in his bachelor’s thesis on the performance of AS-Interface fieldbus systems. He found that an AS-

Interface network can be relied upon to work effectively even with a linear expansion of well over 100 metres - provided certain conditions 

are met. 

Figure 1: AS-Interface system has substantial reserves even at the specified 
system limit of 100 m.

Figure 2: Construction without wiring.
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the overall system behaviour. Bearing in mind the number of vari-
ables, it is not easy to arrive at a reliable conclusion of the maximum 
cable length. 

However, a construction very close to that used in practice (see 
Figure 2) enabled the approximate maximum length to be determined. 
An AS-Interface network consisting of 20 different and evenly distrib-
uted slave modules was set up. The network topology was realised 
using a line, tree and ring structure (see Figure 2). 

How can the transmission quality be evaluated during actual 
operation? Compared to a ‘good/bad’ evaluation of the integrated 
diagnostic LEDs in the relevant slave module, qualified measure-
ment of the signal quality with evaluation of the eye diagram is 
considerably more accurate and transparent. The APM modulation 
method used in the AS-Interface (alternating pulse modulation with 
a sin2 signal form and fixed gross data transmission rate of approx. 
167 kbit/s) enables the signal quality to be represented visually using 
an eye diagram - seen as a double eye - and allows real time evalua-
tion. Triggering occurs at the first negative pulse in the master/slave 
call. This means that a conclusion can be drawn regarding the actual 
signal quality (eg measured using the AS-i Expert / ICS GmbH), as 
the pulse amplitude, the chronological sequence of pulses, and the 
telegram error rate can be evaluated together (see Figures 3 and 4).

Figure 4: Eye diagram for a network length of 140 m. The system is in a 
critical range here and is on the verge of failure.

Result

With the specified general conditions and when using a UNITRONIC 
BUS ASI (TPE) the following maximum were obtained:
•	 Line	structure:	140	m
•	 Tree	structure:	200	m
•	 Ring	structure:	220	m

The ring structure allows a significant increase in the linear expansion. 
The closed ring meant that the voltage was fed in both directions and 
this had a positive effect. The resulting lower voltage drop led to an 
increase in the signal voltage. The increased capacitive components 
of the cable did not create a significant negative impact.

Conclusion

In general, it is important to note that because of the complex in-
teraction of various influencing factors, it is not possible to provide 
configuration recommendations for expansions of more than 100 m 
(without network termination). However, the result clearly highlights 
the fact that the AS-Interface system has substantial reserves even 
at the specified system limit of 100 m.
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Figure 3: Eye diagram for a network length of 100 m.
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Abbreviations

APM - Alternative Provisioning Mode
AS –Actuator/ Sensor
LED – Light Emitting Diode
PELV – Protective Extra Low Voltage
PUR - Polyurethane
TPE - Thermoplastic Elastomer


