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Chapter 1:
One switch, one cable for power and data
The seamless integration of new technologies in industrial production systems requires intelligent and reliable  supply 
of data and power. Among other features, HARTING Technology Group’s newly developed eCon switches offer  
high-performance Power over Ethernet for powering industrial equipment. 

Visual systems are becoming increasingly integrated into industrial 
manufacturing processes, as monitoring and control via camera 

systems enables process flexibility and ensures product quality. Besides 
the need for stable and efficient data communication, the systems 
require a reliable power supply. HARTING Technology Group’s newly 
developed Ha-VIS eCon switches provide a completely integrated solu-
tion for data and power transmission in a single device, along with a si-
multaneous reduction of the cabling effort and expense. The enormous 
number of more than 200 different switch variants offers the opportu-
nity to specially select a specified switch for each individual application. 
Two different, compact and space-saving housing designs guarantee 
the best possible use of the space available inside the switch cabinet. 

Their compact form means that the switches in the Ha-VIS eCon 
3000 family permit very high packing density on the DIN rail in the 
switch cabinet, while the Ha-VIS eCon 2000 switches are character-
ized by their exceptionally flat design. As a result, the eCon series 
offers features that enable efficient system design. 

Power over ethernet as the supply system 
Power over Ethernet (PoE) allows the transmission of data and 

power by way of a single cable, i.e. over the standard Ethernet data 
cable. Switches that can supply end devices with energy in this way 
are referred to as PSE (Power Sourcing Equipment), with the end 
devices supplied with power designated as PD (Powered Device). 
Under the current standard, PoE provides a minimum of 25.5 watts 
to end devices. 

Besides several new features, HARTING Technology Group’s new 
eCon switches also offer high-performance Power over Ethernet for 
powering industrial equipment. 

Next generation Ha-VIS eCon switches support the current stan-
dard and can simultaneously make full PoE+ power available to up 
to four ports. In total, then, each switch provides over 100 Watts of 
power to any type of end device. As a result, in addition to IP phones 
and powerful Wi-Fi access points, high resolution camera systems 
can also be supplied with power. 

By Oliver Opl, Product Manager, HARTING Technology Group
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Continued
One switch, one cable for power and data

Rapid retrofitting 
Existing applications can be retrofitted 

extremely easily since there is no need 
to lay separate cables for the power 
supply. This reduces both the cost and 
effort associated with installation. On 
the other hand, existing installations can 
typically continue to be used and retro-
fitted. Only the PoE+ switches need be 
added. Beyond the PoE+ standard, the 
variants in the Ha-VIS eCon portfolios 
also offer the option of an integrated 
DC/DC converter. Here, the switches can 
be supplied with 24V DC (direct current) 
instead of the normally required 54V DC. 

While no special RJ45 plugs are required 
for power transmission, users should 
consider their suitability for industrial 
applications when selecting cabling com-
ponents or systems, in particular their 
suitability for PoE. As a specialist in in-
dustrial data network technology, HART-
ING has designed RJ45 components, 
system cords and cables specifically for 
parameters such as current-carrying 
capacity, temperature range and vibra-
tion resistance. These components are 
specifically tested for use with PoE and 
PoE+, guaranteeing users long service 
life and high operating reliability.

HARTING Ha-VIS eCon Switches
Versatile modules.
Unique performance.

www.HARTING-usa.com

Flexible configuration of 
Ethernet infrastructures:

 ■ More than 150 variants

 ■ Design and configurations allow  

 integration into any application  
 

Convincingly strong 
performance: 

 ■ Transfer rates of up to 1,000 Mbit/s

 ■ The PoE+

 ■ Minimized energy consumption

The flexible solution for strong 
network infrastructures 
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In today’s communication networks, shorter 
delays for Ethernet frames can be very signifi-

cant. As measurements prove, HARTING Fast 
Track Switching (FTS) offers distinct advantages 
over conventional EtherNet switching solutions.

In order to guarantee real-time function in a 
network and consequently avoid any malfunc-
tions, the frame delays should be as short as 
possible and the communications should be 
deterministic. A comparison of HARTING Fast 
Track Switching and conventional switching 
technology (a commercially available managed 
PROFINET switch) was made in the HARTING 
Test Laboratory (CTS) by measuring delays on 
two switch types and on a linear topology. 

Two distinct switching technologies found in 
network technology are Store & Forward and Cut-
Through. Many Industrial Ethernet switches work 
in Store & Forward mode, in which the incoming 
frames are temporarily stored in the switch be-
fore being forwarded. In Cut-Through technology, 
the frame is transmitted as soon as the destina-
tion address has been recognized. HARTING Fast 

Track Switching identifies automation frames 
(such as PROFINET), gives them priority over IT 
frames, and forwards them in Cut-Through mode. 

The different switching technologies can be 
compared by determining the latencies. This pa-
rameter, which describes a frame’s dwell time in 
a switch, is defined in the technical documents 
RFC 2544 and RFC 1242. 

Single device latency
In a comparison measurement, the latency 

for the minimum and maximum frame lengths 
of 64 bytes and 1,518 bytes was examined (see 
Table 1). The parameters used for all measure-
ments were a data rate of 100 Mbit/s, a cable 
length of a maximum of eight meters, bidirec-
tional data traffic and use of the bit forwarding 
method for measuring the latency. FTS technol-
ogy reduced the latency for 64 bytes to virtually 
half that with Store & Forward technology, using 
a commercially available PROFINET switch as an 
example. The latency is furthermore indepen-
dent of the frame length with FTS.

Sponsored by

Ha-VIS eCon Ethernet  
Switches - High Efficiency  
and Performance

Networks in modern production  
facilities are becoming increasingly 
complex. The unmanaged switches 
from the Ha-VIS eCon series now 
offer you more than 200 new mod-
els with RJ45 and fiber optic cable 
ports to enable the efficient setup 
and expansion of your Ethernet net-
works. The Ha-VIS eCon 2000 and 
3000 families allow you to react op-
timally to every spatial and applica-
tion situation.

Impressive communication accelerator
In today’s communication networks, shorter delays for Ethernet frames can be very significant. As measurements 
prove, HARTING Fast Track Switching (FTS) offers distinct advantages over conventional EtherNet switching solutions.
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Frame delay in the network
The frame delay in a network depends on parameters such as the 

latency, number of switches in use, network load, frame length, data 
rate, topology, number of users and cable length. Measurement 
configurations with two or eight devices in a linear topology were 
selected in order to examine these parameters. 

With these configurations, a case study was reproduced in which 
a controller (e.g., PLC) accessed an actuator (e.g., a drive), while at 
the same time, an office application ran across the same network 
path (see Figure 1). The shorter frames typically used in automation 
technology can be delayed here by longer IT frames.

A comparison can be made of the Store & Forward technology and 
Fast Track Switching on a configuration with FTS devices because FTS 
works in Store & Forward mode if no automation frames are sent to 
the switch. 

The measurement involved sending short frames with 64 bytes 
over a port, and feeding in long frames with 1,518 bytes over a sec-
ond port. Because the frame delay depends on the traffic, there was 
a differentiation between minimum and maximum throughput. The 
data traffic at the input was chosen in such a way as to reach a maxi-
mum throughput of 100 % at the output of the first switch (Figure 
2). The throughput consequently resulted from an approximately 5 

% load of the port with 64-byte packet lengths 
and an approximately 95 % load of the port 
with 1,518-byte packet lengths. 

The abbreviations P and I that are used (Fig-
ure 2) stand for the Preamble (8 bytes) and the 
Interframe gap (minimum 12 bytes) defined in 
the Ethernet standard. The minimum through-
put was attained by enlarging the Interframe 
gap at the port with the long frames (partial 
load virtually 0 %). The conditions at the port 
with the short packets were not changed. This 
resulted in a throughput of approximately 5 %.

Continued
Impressive communication accelerator
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Conducting the experiment
First the experiment was conducted 

with unaccelerated or standard frames, 
so that the conditions of Store & 
Forward are given very generally. (The 
frame delays for the short 64-byte 
packets are shown in Figure 3.)

The large spread in the cumulative 
latencies between the minimum and 
maximum throughput is especially 
clear. The maximum measured frame 
delay in Store & Forward mode, at 
887.6 µs, is very noticeable. This time 
is caused by the 1,518-byte frames. 
When leaving the switch, the long 
packets seize the output port for ap-
proximately 123 µs, so that the short 
packets are delayed a number of times. 
Because this bottleneck does not occur 
at the last switch, this delay is encoun-
tered a maximum of seven times. 

A response curve with a relatively 
low throughput of 35 % was also re-
corded. The average frame delay estab-
lished here for eight devices is already 

825.5 µs. This means that in an actual 
application, short frame delays are 
rarely possible with Store & Forward.

The experiment also involved send-
ing automation frames to the 64-byte 
port. The FTS recognized and acceler-
ated these. As before, long IT frames 
were sent to the other port. The frame 
delays were again measured for the 
two cases with maximum and mini-
mum throughput. 

As Figure 3 shows, the spread of the 
frame delay was considerably reduced. 
The maximum frame delay for eight 
switches was reduced from 887.6 µs in 
Store & Forward mode to 45.1 µs. This 
was possible because FTS technology 
allows the automation frames to pass 
ahead.

The result
The measurement result shows Fast 

Track Switch’s clear advantages: Us-
ing HARTING Fast Track Switching, the 
latency for short frames is only half of 

Continued
Impressive communication accelerator
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the latency found when a con-
ventional managed PROFINET 
Conformance Class B switch is 
used. And it is independent of 
the frame length.

In an example application 
with eight switches in linear 
topology, it was proven that 
FTS technology transmits 
frames considerably faster 
than Store & Forward does. 
The Fast Track Switch sig-
nificantly reduces the Store & 
Forward’s delay spread, which 
is strongly dependent on the network load. 

Outlook
Management functions and the PROFINET IO stack do not influence 

the examination of the performance. The PROFINET IO stack does, 
however, offer the advantage that the engineering tool allows users 
to see, configure and diagnose the switch. The PROFINET IO stack 
simplifies the configuration and diagnosis of devices within a PROFI-
NET environment. The switches are integrated into the device librar-
ies via the standardized GSD file in the configuration tools for network 

project planning, such as Siemens Step 7. During operation, diagnoses 
that arise are transferred to the control environment in a standard-
ized form, making them available to users in the familiar way. 

These conveniences simplify the work with components without 
influencing the performance. In combination with the performance-
enhancing, integrated Fast Track Switching technology, a communi-
cation system with Standard Ethernet will now also meet the field 
level requirements. Consequently, the idea of a convergent Ethernet 
network, from the control level to the field level, has now become a 
reality. HARTING is rigorously pursuing these user-oriented concepts 
with its Automation IT portfolio. 

Continued
Impressive communication accelerator
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Plug and Play for Industry
Ethernet has long since established itself as the standard for networking solutions in offices or in private households. 
Ethernet-based transmission methods are also replacing existing technologies employed in long-distance networking 
in the WAN (Wide Area Network) sector. A similar trend parallel to this already very mature change is now underway 
in the industrial sector. The simplest and most cost-effective Ethernet integration can be implemented using switches, 
with unmanaged switches the simplest and most favorably priced solution in this respect.

Ethernet switches are fundamental network infrastructure compo-
nents - they link controllers, field devices and higher level control 

and monitoring levels. The importance of switches and the demands 
placed on them have changed dramatically in recent years. Nowa-
days, switches have a significant impact on network infrastructure 
due to their functionalities and technical capabilities. So-called un-
managed Ethernet switches represent the simplest form of Ethernet 
switches. The eCon product families are highly cost-effective com-
pared to managed switches since there is no need for an expensive 
processor or the various memory devices. Nevertheless, they fulfill all 
standard functions such as auto-crossing, auto-negotiation and auto-
polarity. And the reduced range of functions offers additional ad-
vantages. The switches can be installed with no configuration effort, 
which makes them “plug and play” capable in the broadest sense of 
the phrase. These simple components even boast port speeds which 
range from Fast Ethernet to Gigabit Ethernet, which means they 
meet current market requirements and are adequate for applica-
tions. This product family covers a very versatile area of applications.

While the dependency of individual machines – and therefore their 
networking – was often limited to a small manageable range in the 
past, today we encounter increasingly widespread systems in which 
a rapidly growing number of end-subscribers communicate with one 
another. The networking of the entire system takes place primarily via 
managed switches, since administrative and diagnostic functions are 
essential for the application. High uptime through redundancy mech-
anisms are mentioned here as one example. Within these systems, 
unmanaged Ethernet switches are used as local port duplication 
in the control cabinet directly on the machine or on the robot, for 
example. Since the port costs of unmanaged eCon switches are much 
lower, this approach can be found in many applications in different 
markets. This allows a large number of additional subscribers to be 
integrated into the network without significant increases in costs.

Another area of application for eCon switches is the cost-effective 
changeover from the medium of copper to fiber optic lines, in which 
the switches are used as a media converter. The connection to a 
higher network level is very often effected via optical ports. The ad-

By Oliver Opl, Product Manager, HARTING Technology Group
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Continued
Plug and Play for Industry
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Ha-VIS eCon Ethernet  
Switches - Datasheets

The unmanaged switches from the 
Ha-VIS eCon series offer a broad 
range of models and a multitude 
of advantages. Get more details on 
the performance and other techni-
cal details by downloading the free 
datasheets.

vantage here is that longer routes and distances 
can be covered and that EMI effects need not 
be considered. This characteristic significantly 
facilitates the planning and design of the system 
and helps to prevent problems caused by elec-
tromagnetic interference.  

The eCon switches for top-hat rail mounting 
are available in two different designs optimized 
for the point of use. First, the eCon 3000 family, 
whose very narrow form factor permits high pack-
ing density in the control cabinet, helping users 
save costs. Second, the eCon 2000 family, whose 
flat design permits greatly reduced installation 
depth at the point of utilization.  

In a head-to-head comparison to managed Eth-
ernet switches, unmanaged Ethernet switches do 
not offer users complex technical capabilities and 
a comprehensive range of features.  

Nevertheless, they are, and remain, a significant 
component of the Ethernet market, with signifi-
cant growth potential over the coming years. The 
advantage of unmanaged switches is clearly their 
simple installation and handling. No configuration 
or parameterization is required for their utiliza-
tion. This means that a simple operational start-
up is now assured on demand and directly at the 
application site - with no deeper knowledge of 
Ethernet and networking technology required. 
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The demands on connection technology for wind energy are high. 
FO between the blades and nacelle must be pluggable in order to 

reduce service and maintenance costs. In addition, fiber endfcaces with 
angled physical contact (APC) technology are employed in measuring 
technology applications to minimize return loss. However, pluggable 
connectors with APC were previously only available in the IP 20 protec-
tion class, resulting in the additional use of encapsulated housings. 

With the development of a complete wiring solution between the 
blades and nacelle in protection class IP 65/67, the need for further 
housings is eliminated, which significantly facilitates handling during 
assembly and maintenance. Moreover, the metal version of the Push-
Pull connector provides additional mechanical protection. 

Product variants in  the wind industry 
The HARTING PushPull fiber optic family has also been supple-

mented with additional product variants. The PushPull Extension 

Cord Adaptor offers a rugged connector interface to extend PushPull 
cables: that can be glued onto a plate in the blade. 

In addition, a Y-cable has been developed. The duplex cable is 
divided into two simplex cables directly behind the connector by a Y 
junction, in order to implement the optical loop in the blade. 

HARTING PushPull was previously limited to standard physical con-
tact (PC) optical inserts. Thanks to a special assembly method, single-
mode assemblies with angled physical contact (LC APC) are now avail-
able as well. These impress with extremely low attenuation values (< 
0.25 dB) and very low scattering of attenuation in different cables. 

Reference measurements are required for operational startup. 
In order to reduce the effort associated with these measurements, 
HARTING Technology Group has developed a PushPull “optical short 
circuit” loop connector. Other accessories such as protective caps 
and locking clips are also provided in order to prevent the accidental 
opening of the PushPull connector. 

Chapter 2:
Flexibility at every rotation
HARTING Technology Group is implementing innovative connection standards in wind turbines: HARTING PushPull 
fiber optic (FO) with angled polish simplifies the handling of FO connectors in pitch control applications. 

By Rainer Bussmann, Product Manager, HARTING Technology Group
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Help just moments away with PushPull
For New York subway riders, customer assistance is just a push button away  
at the new wireless Help Point two-way communications panels.

The Help Points, being installed on columns or walls inside sta-
tions allow passengers to communicate with the station booth 

for information and the transit system’s control center for emergen-
cies. The center can identify the station where the call originates and 
address each Help Point individually. All stations will have Help Points 
by 2019, a deployment of over 6.000 units, replacing an old, unreli-
able analog intercom with poor voice quality. 

The vertical Help Point is a state-of-theart technology, includ-
ing the flexibility and durability of HARTING’s PushPull connector 
lineup. Distributing electrical signals within the narrow Help Point 
enclosure required a connector slim enough (< 20 cm) for that space 
yet rugged enough for the challenging transit environment. The 
Help Point’s manufacturer, Boyce Technologies, had used Han® 3 A 
connectors in previous transit communications projects, but their 
external bail made them a difficult fit here. Instead, Boyce found the 

desired fit and connectivity in Variant 4 PushPull connectors with 
their internal locking mechanism. 

Boyce swaged the cast PushPull RJ45 insert into a custom chassis it 
had  created for the Motorola access point that provides dual band 
WiFi and VoIP. PushPull models like an RJ45  cable assembly, 7-pin 
Hybrid and 10-pin Signal are being employed in various variants. 
“We were able to use PushPull connectors for every single thing we 
wanted to do, whether it was controlling gates, or fans, whether it 
was Gigabit Ethernet, Power over Ethernet, fiber, AC or DC power. We 
were able to come up with a use for every single Variant 4 and every 
single pin,” says Boyce president Charles Boyce. Their durability has 
surprised subway officials who had doubted they would stand up to 
the rigors of the transit environment. In fact, says Boyce, “there has 
not been a single failure of any PushPull cable assembly, any connec-
tor, any pin, anything at all.” 

By Mark DiSera, DC2 Product Manager, HARTING Technology Group
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First introduced in 2004, HARTING‘s PushPull 
connectors have sold in their millions. The 

user-friendly design has proved extremely suc-
cessful and is constantly being adapted for new 
applications. Flexibility, robustness and high 
serviceability are the keys to the success of the 
PushPull concept.

The PushPull connector has an intuitive design 
that provides a secure connection, giving access 
to the three essential lifelines of industry: Data, 
Signal and Power. This user-friendly connector can 
be plugged and released again quickly and easily. 
It plugs in securely, preventing any errors; you can 
see and feel it lock into position, and this is also 
confirmed by an acoustic signal (a clearly audible 
click). The inner circular locking mechanism en-
sures that it locks permanently into the device in a 
mechanically stable manner. PushPull can be uni-
versally tailored to specific customer requirements.

Amazingly versatile
PushPull connectors are available as a plastic 

or metal version to suit the required application. 
PushPull can be supplied with standard connec-
tor faces such as RJ45, USB, SCRJ or even power. 
The choice of available plug inserts ranges from 
1/10 gigabit Ethernet signal and data to 690 V / 
16 A power, therefore meeting all regular indus-
trial application requirements.

Useable anywhere
Thanks to their compact design, PushPull con-

nectors are excellent for device connection ap-
plications. They are ideal for use with all types 
of industrial electronics devices, from sensors 
to controls and industrial processors, which are 
not kept in a control cabinet, but at a decentral-
ized location out in the field or even in outdoor 
unprotected sites. This connector can be used 

Sponsored by

Simple. Successful.
First introduced in 2004, HARTING‘s PushPull connectors have sold in their millions. The user-friendly design has 
proved extremely successful and is constantly being adapted for new applications. Flexibility, robustness and high 
serviceability are the keys to the success of the PushPull concept.

By Matthias Fritsche, Global Product Manager, Germany, HARTING Technology Group
Lennart Koch, Global Product Manager, Germany, HARTING Technology Group HARTING PushPull Solution 

with Boyce Technologies

Charles Boyce, President of Boyce 
Technologies, speaks on his grow-
ing relationship with HARTING and 
the benefits he has discovered from 
our ruggedized hardware. In the 
video he explains how HARTING 
products have made “building cus-
tomized solutions” more simple.
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Continued
Simple. Successful.

in almost all markets, including plant automation, industrial devices, 
machinery, power and transportation. The technical requirement for 
the device interface is generated via the network and the integration 
mode is dictated by the design of the device that is to be connected 
to the PushPull product.

According to the guidelines of the PROFIBUS User Organization 
(PNO), Han® PushPull (variant 14 acc. to IEC 61 076-3-117) is the 
preferred connector for decentralized automation out in the field for 
electrical and optical data transmission and power supply. In addition 

to this organization, Automation Initiative of German Domestic Auto-
mobile manufacturers (AIDA) has also set the Han® PushPull connec-
tor as standard. This ensures that PROFINET-controlled automobile 
production plants are all configured the same way.

The HARTING PushPull (variant 4 acc. to IEC 61 076-3-106) connec-
tor is the only international standard connector for generic industrial 
building cable networks in protection class IP 65/67. It is also the 
smallest connector in the IP 67 high protection class that can be used 
with RJ45 and LC Duplex.

Sponsored by
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Universal genius with family ties
The HARTING PushPull family continues to grow with our new USB interfaces expanding the product range. HARTING 
is developing a continuously growing application range for our PushPull family based on the functional insert concept.

HARTING PushPull connectors have been the preferred choice for 
both device developers and users for years. The reasons: the 

simple, certain and intuitive operating concept, the compact and ro-
bust style with a high protection class (IP 65/67) and the availability 
of functional inserts for data, signals and power. 

The design of these functional inserts into the PushPull hoods and 
housings make it easy to quickly adjust the PushPull connector sys-
tem to changing application areas and market requirements. 

This functional insert concept is experiencing ongoing enhance-
ment. The latest step: by integrating USB inserts for USB 2.0 Type 
A and B and even 3.0 Type A, HARTING is emphasizing the PushPull 
system’s future viability and sustainability. 

The Universal Serial Bus (USB for short) began its triumphant 
procession on the market for consumer and office applications. The 
combination of data transmission and power supply in one hybrid 
interface is the major advantage USB has to offer. This means that 
many devices need only one interface. USB inserts integrated into 
PushPull connectors combine the advantages of USB and PushPull. 
USB can be used for industrial applications without restrictions. 
HARTING additionally offers device developers and users a universal 
product range, from the adapted PCB socket to a system cable suit-
able for industrial use. 

Developers of the PushPull USB interface products paid special 
attention to simple device integration. Users will find components 
coordinated to their particular requirements. Ready-to-use, can be 
adapted to the device developer’s requirements for the specific proj-
ect, e.g., by opting for flat ribbon cable. 

This form of device integration is preferred when already-existing 
device designs for use in harsh environments are packed into hous-
ings with a high level of protection – an economical and swift solu-
tion for device integration in small series and customized solutions. 
In the case of large series, the most efficient solution is to integrate 
“Data transmission and power supply in a hybrid interface.” pre-
assembled PushPull USB panel feedthroughs are available for use in 
switch cabinets and controllers, such as those in machine and plant 
construction. These are available as female-female couplers or in ver-
sions with internal connection cables. 

Panel feed-throughs are employed for feeding internal USB in-
terfaces of controllers or industrial PCs to the outside for service 
purposes. Developers use individual components and panel feed-
throughs with adapter PCBs for direct device integration. The panel 
feed-throughs with adapter PCBs and internal connections to PCB 
connectors the interfaces directly on the main PCB. In this case, 
customers have the choice of individual components, such as USB 

By Matthias Fritsche, Global Product Manager, Germany, HARTING Technology Group
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sockets, mounting adaptors and bulkhead-mounted housings. In 
order to position the interfaces for the power supply, RJ45 and USB 
in a row, and in a compact and visually pleasant manner, USB sockets 
with adapters matching the installation dimensions of the RJ45 and 
power sockets are placed on the customer PCB. 

The product range is rounded out by matching system cables with 
PushPull USB connectors assembled on two sides, with one-sided 
PushPull USB, and with open cable ends or with IP 20 connectors 

on the other cable side. All of the connectors are executed with 
robust overmolding. 

The entire range of system cables and solutions for device integra-
tion are available for USB 2.0 Type A and B and USB 3.0 Type A. Ac-
cording to the USB specification, all PushPull USB interfaces are also 
compatible with current IP 20 cables. As a result, external control 
devices or mass storage devices with IP 20 connection cable can also 
be inserted into the PushPull USB interfaces for service purposes. 
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