OLFLEX® CONNECT CHAIN

Cable Chain Systems made by Lapp




OLFLEX® CONNECT

Reliably connecting the world.

The days in which the manufacturing and service sectors could
be clearly separated are well and truly over. A change is taking
place in people’s minds, in factories and in businesses like the
Lapp Group. Customers are searching for solutions rather than
components, and manufacturers are now developing and providing
complex systems.

Our OLFLEX® CONNECT range shows what can happen
when components and solutions are seen as a single entity
rather than treated separately.

Legend

Cable chain engineering
guideline

This flap supports you with easier
page navigation. The 8 steps refer to
cable chain selection from page 25
onwards.

Input data to determine the type of
cable chain

Collect all necessary application
requirements: cable and hose
specifications (weight, outer diame-
ter, jacket material, bend radius),
chain travel distance, available space,
bracket fixing configuration, etc.

Cable chain layout design
Determine required inner cable chain
space while applying all basic rules
and check with available application
space

Selection of cable chain type
Select a cable chain which fits to
requirements using a product
selection table

Bend radius

Calculate suitable bending radius in
accordance with parameters of all
flexible cables and hoses

Cable chain length calculation
Calculate appropriate cable chain
length in accordance with given travel
distance

Self-supporting capacity
calculation

Determine self-supporting capacity
with respect to an additional load

Double-check of selected cable
chain type

Choose cable chain that fits to
determined requirements

Selection of accessories

Specify additional components such
as end brackets, separators and
channels in accordance with selected
chain type

Industries

200600606

Automation

e-Mobility

Food & beverage

Mechanical and plant
engineering

Oil & gas

Solar energy

Wind energy

Product
Characteristics
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Suitable for outdoor
use

Chemical resistance

Flame-retardant

Wide clamping range

Halogen-free

Heat-resistant

Cold-resistant

Corrosion-resistant

Maximum vibration
protection

Mechanical
resistance
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Assembly time

Low weight

Oil-resistant

Optimum strain relief

Space requirement

Power chain

Clean room

Robust

Acid-resistant

Reliability

Integrated SKINTOP®
cable gland

Voltage

Connector with
standard housing unit

Interference signals

Temperature-
resistant

Torsion-resistant

Torsion load

UV-resistant

Waterproof

Variety of approval
certifications
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When eight high-quality brands become one
strong solution: OLFLEX® CONNECT.

Products

With over 40,000 branded components and thousands of products in stock, we are able to
support you with individual cabling solutions and optimum development expertise.
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Solutions

Everything is possible - from custom-
ised cable assemblies to industry
standard servo connections right
through to sophisticated high-speed
cable chain systems. Do it all with

OLFLEX® CONNECT -
System Solutions made by Lapp.

With our three distinct harness-
ing services, we customize
solutions, covering all your
connectivity needs:

OLFLEX® CONNECT: This is the name un-
der which Lapp is expanding its range of
cable assemblies, taking the logical step
from a component supplier to a system
provider. The focus is on expanding what
we do best. At Lapp, this means cables,
connectors and accessories, as well as the
resulting complete system solution.

But why are we repositioning ourselves
like this? When technologies become more
complex, solutions for customers have to
be simpler. But this requires more than
just the components. It requires joined-
up thinking, collaborative development
and cooperation. This means offering so-
lutions that complement the customer’s
needs, including the processes.

OLFLEX® CONNECT CABLES
Cable Systems made by Lapp

OLFLEX® CONNECT SERVO
Servo Systems made by Lapp

INFOBOX
OLFLEX® CONNECT

Expanding cable assembly,
giving better advice to cus-
tomers and standardising
global activities - these are
the ideas behind OLFLEX®
CONNECT. To this end, the
Lapp Group is building up
its engineering, production
and assembly capacities in
America, Europe and Asia.
We have invested in many
sites all over the world and
will continue investing to
strengthen the service we

provide to our customers.

OLFLEX® CONNECT CHAIN
Chain Systems made by Lapp




Start thinking smart today

Our idea of a system

Start focusing your resources on your core pro-
ject and let Lapp handle your connectivity
needs for maximum profitability.

We accompany you on the search for sophisticated, tai-
lored and cost-efficient connectivity solutions.

With GLFLEX® CONNECT, we provide you with an exten-
sive selection of custom cable or industry standard ser-
vo assemblies right through to complex drag chain appli-
cations. From engineering and design to customer
specific testing, delivery or on-site installation to small
batch sizes or series production - we do it all.

OLFLEX® CONNECT - your benefits

1

No capital expenditure
Avoid investing in your own production facilities - leverage
our state-of-the-art equipment and tools

Less operating expenditure

Benefit from a simplified supplier base and reduced oper-
ating expenditure - get all your cable connectivity solu-
tions from a single source: Lapp

Reduced Inventory
No stocks of connectors, cables, conduits and hoses. No
component scrap or cutting waste

Highest scalability

With Lapp you can immediately respond to changes in
market demand. There is no need to worry about compo-
nent inventories, machines or worker capacities. Just or-
der what you need

Technical expertise

Make use of our cabling technology expertise and get un-
compromising quality branded products for maximum reli-
ability and safety

OLFLEX® CONNECT CHAIN
Chain systems made by Lapp

Our idea of a cable chain system includes
chains made of nylon or steel with highly
flexible cables, cable protection conduits,
hydraulic hoses or pneumatic hoses including
termination (connectors, fittings) and
functional units such as towing arms or
supporting structures.

Your benefits with our cable chain systems:

* Reliable cutting-edge technology
High-quality components, assembled to
deliver minimum maintenance and maximum
service life

* Guaranteed brand quality
Our cable chain systems are rigorously tested
to guarantee hassle-free operation

Closer to you

With multiple manufacturing sites in Europe,
Asia and the Americas, we can support your
cable chain assembly needs wherever you are

* Competent system supplier
With Lapp, you receive everything from one
source, from individual cable chain assemblies
to a whole integrated system

Our cable chain service

Lapp is there throughout all project phases - from de-
sign to component selection to assembly. Our experts
work with you every step of the way:

Technical evaluation

* On-the-spot meeting

» Definition of project scope

* One contact person during project phase
¢ Planning and timing

Initial CAD design of the cable chain system
¢ Incl. cable layout

Complete project management
* Documentation

* Drawings

» Selection of components (BOM)
* Cost and interface controlling

Completion of chain system design

* Delivery to operation site

* On-site installation service by Lapp specialists
* Shipping in professional Lapp packaging

* After-Sales-Services

O—0-0—©0

o Comprehensive test reports and individual
installation instructions can be provided
upon request.




Configuration options

Q What can be included in a cable chain system:

* Nylon or steel cable chains in accordance with application
requirements

* Highly flexible power, control, signal and data network cables
including accessories (cable lugs, connectors, etc.)

* Protective cable conduits with conduit glands

Possible cable chain types

Nylon cable chains
* Cable chains made from nylon (polyamide PA 6) cable chains for
selfsupporting, sliding or circular motion applications

* Open or fully closed design available

Steel cable chains

* Cable chains made of steel (galvanised steel or stainless steel)
for standard self-supporting, sliding applications or applications
with circular motion

* Open or fully closed design available

Combined cable chains
* Steel (galvanized or stainless) cable chains for standard
self-supporting, sliding or circular motion application

* Open or fully closed design available

* Hydraulic hoses with fittings
* Pneumatic hoses

» Towing arms or other functional units

» CAD drawing of your chain including cable layout (optimal
placement and separation of all energy lines in a chain)

OLFLEX® CONNECT CABLES
Cable Systems made by Lapp

We produce different cable types for fast cabling of CNC machin-
ery, switch boxes, control cabinets and electrical assemblies. Our
product range stretches from single cores and multi-core cables
through to EMC-shielded cables which can be fitted with a wide
selection of crimp contacts, connectors and housings. We also
supply highly flexible and durable premium quality spiral cables.
Another of our specialities: glass fibre system solutions, which we
stock in standard lengths or produce, test and supply in exactly
the length you require.

Our range of assembly services

* Cable cutting as required

* Winding with specified bending radius

* Stripping

e Crimping

* Heat shrinking

* Markings (labels, sleeves, marking rings, stainless steel
marking)

 Cable printing

* Crimp force monitoring (CFM)

¢ Push-pull tests

* Resistance testing

OLFLEX® CONNECT SERVO
Servo Systems made by Lapp

With our smart servo solutions you get cables in 3 classes: Basic
Line, Core Line and Extended Line.

basic line core line extended line

All cables are fitted with our newly designed connector. This con-
nector is tamper-proof, as it is pressed rather than screwed like
conventional connectors. The 360° screen contact makes a huge
improvement to EMC shielding (6db).

In addition, the cable design in our Core Line enables a semi-au-
tomated production process. This ensures higher process reliabil-
ity and a globally regulated quality standard accordingly.

Your benefits at a glance

* Improved EMC shielding (6db) through new connector design
(size 1, SIEMENS®)

¢ Improved quality through semi-automated assembly process

* Tamper proof (connector cannot be opened)

* Complete Lapp solution incl. new controller connector



Curiosity is what drives us

Our long term experience in highly
flexible cables in combination
with cable chain systems allows
us to discover market trends
quickly and work efficiently on
valuable innovations for our cus-
tomers.

Multi-flexible chain

In 1989 we developed the first “ROBOT”
chain that you can find in nearly every ca-
ble chain catalogue in the industry today.
With our next development step we will en-
ter the level of highly flexible cable chain
solutions for anthropomorphic robots.

Industry 4.0

Intelligent production requires intelligent
products. Every movement, every cycle is
recorded by the intelligent brain of our
chains of tomorrow and wear is tracked so
that maintenance can be scheduled in ad-
vance to eliminate downtimes and to guar-
antee fault-free performance of the entire
OLFLEX® CONNECT CHAIN system.

Green manufacturing

In accordance with Lapp’s ambitious envi-
ronmental goals, all chains are 100% recy-
clable at the end of their lifecycle. Some of
our new chains in addition allow a 50% (or
more) reduction in the pushing-pulling
force. This means lower absorption of en-
ergy for moving our chains, which saves
energy costs and helps the environment.

Glass-fibre assemblies

Did you know - you can also rely on us for
sophisticated glass fibre assemblies. We
offer glass fibre harnessings from standard
lengths available in stock and manufacture,
test and deliver special lengths assembled
to your needs. We can even design and
incorporate them into your cable chain
system.

Premium quality
spiral cables

When producing spiral cables, we have a
wealth of expertise at our disposal. Flexibili-
ty and durability are key factors for applica-
tions requiring long-term high performance.
It is also crucial to have the appropriate in-
sulation and the right conductor material.
With Lapp, your spiral cables are definitely
in safe hands.

Highly dynamic
applications

Four requirements: low weight, high acceler-
ation, compact dimensions and a long ser-
vice life. With premium components from
Lapp you get a wide range assortment of
servo, energy and data cables as well as ca-
ble chains for your application needs. Inno-
vative in speed and efficiency, they enable
productivity improvements through faster
position changes in your system.

CAD-design of cable chain system



OLFLEX® CONNECT - more than just a system solution

Every single component used in a Lapp system so-
lution has undergone a demanding development
and testing process. With us you will always be on

the safe side.

The Lapp Lab

The electrical mechanical and chemical
parameters of every component are test-
ed in-house with state-of-the-art testing
methods. Our highly flexible cables have
to withstand millions of bending cycles at
different speeds and with extreme bending
radii. They also need to to resist mechani-
cal and chemical stresses. Our lab assures
performance by:

* Heat, cold and climate tests for aging
resistance

¢ Chemical substance tests
* Mechanical and robot torsion tests
* |P protection rating tests

« Static and dynamic pulling protection
tests

* Resistance tests

* Electrical tests and material analysis

System test

Cable assemblies and entire cable chain
systems are tested in-house in our test
centre. The facility includes robot test ap-
plications and high-speed drag chain
tracks. Specialised teams test the com-
plete system including all products in their
intended field of use - sometimes in ex-
tremely hot or cold conditions or with par-
ticular environmental influences.

Your GLFLEX® CONNECT CHAIN will be
delivered with a comprehensive test re-
port.

10

Service point network

With our rapidly increasing tight-knit ser-
vice point network, we are able to support
you globally with any kind of cable, servo
or drag chain assembly. We understand
your local needs, markets and language.

Scalability

We offer harnessing services from easy ca-
ble assembly to highly complex drag chain
systems, from batch size 1 to serial pro-
duction and from short cable harnessings,
to cable trees, right through to highspeed
drag chain systems with long travel dis-
tances.

In-house production

Our branded components are developed,
designed and produced by our own hands.
We serve your needs directly from 18 pro-
duction facilities across America, Europe,
and Asia.

Logistics

Who actually likes waiting for a solution or
replacement? We won’t leave you waiting,
as we guarantee a quick delivery all over
the world with our sophisticated network of
logistic centres and professionally trained
engineering experts.

Service

Our customers are important to us. That’s
why we make lots of time for them. Time
to fully understand their wants and needs;
time to offer the right solution. We are abso-
lutely convinced that this is the only way to
establish a long-term partnership beneficial
to both sides.

Certifications

Our products are used in almost every in-
dustry and are frequently found in the
most sophisticated machines that operate
around the clock - where downtime is not
an option. But it is not just in major ma-
chinery that you need to be able to rely on
the smallest of connections. It is every-
where. As an evidence of Lapp quality and
reliability, our products carry the world’s
strictest approvals.

Examples of global approvals:

P us

DNV

W & C€

Sustainability

Technological advancement and ecological
sustainability are important to us. That is
why we are environmentally conscious re-
garding natural resources. For example,
our photovoltaic system in Stuttgart, Ger-
many, generates 1,000 MWh of energy,
thus reducing CO, emissions by around
650 tonnes per year!




There for you worldwide

To contact your local Lapp Group @ OLFLEX® CONNECT CABLE service-points in
representative, please visit our website over 40 Lapp locations
www.lappgroup.com

@ Additionally servo harnessings and drag chain
assemblies available in regional hubs

@ Global engineering centre for special drag
chain applications and systems requirements
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Cable chain introduction

A cable chain is a mechanical system de-
signed to protect, carry and guide cables
(power, control, data or fiber optics) and
hoses (hydraulic or pneumatic) in dynamic
motion applications - to transfer power
and signal between two points in relative
movement to each other (translation, rota-
tion or combined movements). That is why
cable chains are also considered an ener-
gy supply system for equipment with mo-
tion sub-systems.

Advantages of cable chains

Competitive advantages of the cable
chains as compared to the traditional sys-
tems of conductor bars and festoon sys-
tems are:

e The ability to carry different kinds of
utilities (power, signal, data cables, hy-
draulic and industrialhoses)

* Compatibility of their use in harsh envi-
ronments (presence of dust, humidity,
aggressive chemical and atmospheric
components, etc.)

cable chain ))

also referred to as
“drag chain”
“cable track”
“cable carrier”
“energy chain”

High speed and acceleration

Shorter installation times (no motors or
drives needed like in reels of festoons)

Less and easier maintenance

Much lower length of the utilities with
equal travel distance of the mobile
point

Main functions of a cable chain

Allows the electrical and/or fluidic
connection between between two
moving points, relative to each other
in an easy and economical way

Carries the cables and the hoses so
that their motion will be controlled
and determined

Protects the cables and hoses
mechanically and separates these
from the effects for harsh environ-
ments

Supports the cables and hoses which
are installed inside the chain

‘ Section 3 ‘ Section 2 ‘ Section 1




Elements of a cable chain system

A cable chain is an assembly of inter-
connected chain links terminated by
end brackets on both sides. A wide
range of accessories such as support
rollers, guiding channels, etc. extends
the possibilities of cable chain use.

Towing arm Chain section
® q

End brackets Pins

movable end of
chain
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One chain link consists of the
following elements:

Sideband composed of links
* Frames
e Separators

Sideband links

¢ Protective covers
¢ Pins

End brackets can be equipped by
different types of cable fixing systems
(nylon tie wrap clamps, steel cable
clamps).

Crossframe

Separators
vertical & horizontal

Sidebands Bending radius

End brackets fixed
end of chain

The bending radius is
calculated considering the
junction line between the

chain pins

Guide channel

Frames

Different frame options are available de-
pending on customers’ application require-
ments.

For further details please see section
“Frame variants” on page 36.

Separators

Cables and hoses need to be separated
from each other in many cases. A wide
range of cable chain separators is availa-
ble for each type of chain, which allows
infinite combinations of use to fit any re-
quirement positions.

For further details and info please see sec-
tion “Separation options” on page 38.

L

Open cross frame

Profile cross frame

Protection cross frame

Rod cross frame (available

Custom cross frame

Machined cross frame

in plastic, aluminum or steel)

93

Different separator options

1\150]:10)¢

As a general rule, the separators
are mounted every second
pitch. Different mounting fre-

quencies may be required.

‘ Section 3 ‘ Section 2 ‘ Section 1




Protective covers

Cable chains are often located in very
harsh environments, where a standard
open-frame design is not enough. Nylon,

Pins

Typical yellow pins connect chain links in
most cable chain designs. A combination
of black nylon chain and yellow pins are
carefully selected to clearly visualise the
possible danger of moveable devices. Dif-

End brackets

The end bracket connects the cable chain
system to the machine. It can be delivered
in many different configurations and mate-
rials.

A single kit code includes hardware
for both end terminations.

aluminum, galvanized or stainless steel
covers are available for additional protec-
tion.

ferent pins can be used as a sliding ele-
ment in cable chains working on side.

Pin colours can be customised ac-
cording to customers’ specifications.

Different end bracket type examples

For further details and info please see
section “Frame variants” on page 36.

el
VA
y

&SNS

For further details see section “End brackets” on page 33.

Dimensional cable chain parameters

The main geometrical features of a self-
supporting cable chain are:

LS - Travel distance (stroke length)

R - Bending radius

P - Chain link pitch (distance
between two hinge points on
a side link)

H - Minimum upper installation
height of the mobile point end
bracket

Pr - Pre-set (also called

“pretension”)

0x, Oy, Oz- Overall system dimensions

LSA - Distance of the feeding point
from the extended end of the
stroke

- External chain link width

- External chain link height

- Inner chain link width

- Inner chain link height

- Position at reverse parking

200 w >
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Constructional material properties

Used materials

The cable chains are distinguished by the materials used for the
chain links and the materials used for the cross frame. We there-

fore divide the chains into:

Nylon cable chains

* Both cable chain links and the cross frames are made of a
compound based on polyamide PA6 (BRYLON 6) for self-sup-
porting, sliding applications or applications with circular

movement

* For use in standard applications in most environments

* Open or fully closed design available

Steel cable chains

* Chain links are made of steel (galvanised steel or stainless
steel - AISI304 or AISI316) for standard self-supporting, sliding
applications or applications with circular movement

* I|deal for an environment in which nylon does not resist (e.g.
extremely low or high temperatures, hot chips, etc.)

* Open or fully closed design available

Hybrid cable chains

¢ Chain links and cross frames are made of combined materials
(e.g. nylon sidebands with aluminium frames or aluminium

covers) for special requirements

¢ Combination of nylon, aluminium or steel parts help to wi-
thstand critical environments and to increase chain lifetime

while maintaining optimal cost
* Open or fully closed design available

All materials used to manufacture cable chains are

environmentally friendly (RoHS and WEEE)

Resistance and behaviour of nylon chains

Nylon cable chains are developed with a
special polyamide reinforced with glass fi-
bre, BRYLON 6. The high resistance to ten-
sion, the low friction coefficient together
with the general characteristics of the
most evolved compound thermoplastics
allow the cable chains to be used in most
environments and temperatures. The main
characteristics of BRYLON 6 are:

Self-Extinguishing
BRYLON 6 has the certificate UL-
94HB. Polyamide VO or V2 can

be used on request.

Chemical Resistance

@ BRYLON 6 is generally resistant
to oils, grease, petrol, ammonia
and water (sea water). Problems

could arise with the presence of
acids.

Operational Temperature

* Nylon cable chains can be
used in application with a tem-
perature range between -25 °C
and +125 °C

¢ In case of application with “con-
tinuous” temperature lower than
-15 °C or higher than +95 °C, the
mechanical values could be re-
duced. We are able to offer solu-
tions using special compounds
here.

For application ranging lower
than -25 °C or higher than
+125 °C, please contact our tech-
nical office.

UV Rays

BRYLON 6 is resistant to UV rays
and it is therefore suitable for
outdoor applications.

W

Explosion Proof

Drag chains suitable in high-risk
explosion environments can be
supplied made of the special ma-
terial BRYLON AD. These chains
comply with ATEX Directive
94/9/CE. For further informa-
tion, please contact our engi-
neering experts.

Clean room-proof

The standard version of the cable
chain 305A009 has been tested
and proved to be Class 1. For fur-
ther information, please contact
our engineering experts.

Colouring

Our drag chains come with a
standard Colouring of black links
and the yellow pins. On request,
drag chains and/or pins can be
produced in customised colors.

19
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Resistance and
behaviour of steel chains

Operational Temperature

* Steel cable chains can be used for temperatures up to
200°C because in case of higher temperature the surface
treatment (zinc-plated galvanisation or painting) are dam-
aged by heat

¢ Stainless steel lowercase cable chains can be used for
temperatures up to 400°C

Self-Extinguishing
Not applicable

UV Rays
'@' Steel and stainless steel are resistant to UV rays and they are

therefore suitable for outdoor applications.

Chemical Resistance

* Zinc-plated steel is generally resistant in “norma
pheric environments. It is absolutely not suitable for marine
or food environments. Moreover, problems could arise with
the presence of acids, especially in presence of sulphur,
chlorine and ammonia

”

atmos-

¢ Stainless steel is suitable for harsh, food and nuclear
environments. It is also suitable (in grade AISI316L) for
use of sea water. If in water and in contact with other
metallic parts, galvanic corrosion can occur. The corrosion
resistance of stainless steel can be improved with surface
treatments such as electro-polishing

Colouring

There are no limitations for steel chain colouring. However the
relative movement between the links can damage the painting,
so painting steel chains is not recommended.

Ly

Explosion Proof

Stainless steel cable chains are suitable in explosion-proof en-
vironments. These chains comply with ATEX Directive 94/9/
CE. For further information, please contact our engineering
experts.

>

Clean room-proof
Steel chains are not suitable for the use in clean rooms. Not
applicable.

Environmental and chemical conditions

The table shows the resistance to chemical agents of BRYLON 6 and steel.

BRYLON 6 STEEL
Chemical agents Concentration % Amorphous Crystal
Methyl acetate 100 +++++ 3 4+ 2 FH+++
Acetone 100 +++++ 4 -+ ottt
Acetic acid (aqueous solution) 40 ++ ++ ++
Acetic acid (aqueous solution) 10 ++ ++ ++
Acetic acid ++ g
Citric acid 10 +++ 15 F+++ e+
Hydrochloric acid (aqueous solution) 36 i iis s
Hydrochloric acid (aqueous solution) 10 ++ ++ +
Hydrochloric acid (aqueous solution) 2 ++ +++ +
Chromic acid (aqueous solution) 10 ++ ++ ++
Chromic acid (aqueous solution) 1 ++++ e+ T+
Hydrofluoric acid 40 ++ ++ +
Formic acid (aqueous solution) 858 3 +++
Formic acid (aqueous solution) 40 S ++ ++ e
Phosphoric acid (aqueous solution) 10 s Sinis s
Oleic acid 100 +++++ 3 +++++ 3 ottt
Sulphuric acid 98 + + +
Sulphuric acid (aqueous solution) 40 ++ ++ +
Sulphuric acid (aqueous solution) 10 ++ ++ 4
Sulphuric acid (agqueous solution) 2 ++ +++ +
Tartaric acid (aqueous solution) 44+ 44+ 4+
Water +++++ 10 +++++ 9 +4+++
Chlorine water ++++ F+++ T+
Ethyl alcohol 96 ++++ 17 +++++ 3 bt
Ammonia 10 +ttt+1 1 e+ ++
Petrol 100 +++++ 1 +4++++ +4++++
Bitumen e+ 4+ e+
Potassium carbonate 100 +++++ FH+++ ++
Sodium carbonate 10 +4+4+++ 10 T T+
Ammonium chloride (aqueous solution) 10 +++++ 44+ ++
Calcium chloride (aqueous solution) 20 + + ++
Calcium chloride (aqueous solution) 10 +++++ 4+ ++
Sodium chloride 10 e+ PR, T+
Formaldehyde (aqueous solution) 30 ++++ e+t ++4+
Fat +4++++ +++++ +4++++
Milk +4++++ +++++ +++++
Mercury APAFAPAPR AFAPAParaR AFAPAFaaR
Oils R R R
il T T T
Paraffin oil ++++ +++++ FH+++
Silicon oil bt bt ot
Diesel oil +H+++ PRI Ft
Mineral oil 4+ ++++ o+
Ozone ++ 4+ ++
il R T T
Potassium hydroxide (aqueous solution) 10 +++++ 9 +++++ 3 +
Sodium hydroxide (aqueous solution) 50 4+ . +
Sodium hydroxide (aqueous solution) 10 +++++ 5 P +
Sodium hydroxide (aqueous solution) 5 +++++ 9 ottt +
Aluminium sulphate 10 +H+++ IR ++
Soap (aqueous solution) o+t o+ 4+
Tincture of iodine ++ ++ i
Trichloroethylene ++++ 5 ++++ 4 FINSTRT
Vaseline ot bt bt

Resistance classification indicator

+++++ Very good resistance
++++ Good resistance
+++ Limited resistance
++ Poor resistance

+ Soluble

Amorphous Polymer in amorphous state
Crystal Polymer in crystalline state

The number beside the resistance classification

indicator (+++++, ++++, etc.) shows the

percentage of weight increase due to

absorbtion.
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Possible system configurations
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Single chain configuration

Self-supporting Sliding Side mounted Vertical
Upper moving Lower moving Sliding Cable chain side mounted Vertical with Vertical with Zig zag
lower radius curve above

Multiple chains configuration

Side by side

Ring configuration

Two sliding cable chains in
ring configuration

Two cable chains in ring
configuration side mounted

Vertical two cable
chains in ring
configuration

Vertical
nested cable
chains

Vertical side
by side

Cable chain side mounted

Radius below

Radius above
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Section 2
Cable chain engineering

O N

Cable chain engineering
In 8 easy steps

cable chain
Collect all necessary application
requirements: cable and hosespecifi-

1 Input data to determine the type of

cations (weight, outer diameter,
jacket material, bend radius), chain
travel distance, available space,
bracket fixing configuration, etc.

Cable chain layout design
Determine required inner cable chain
space while applying all basic rules
and check with available application
space

Selection of cable chain type
Select a cable chain which fits to
requirements using a product
selection table

Bend radius

Calculate suitable bending radius in
accordance with parameters of all
flexible cables and hoses

Cable chain length calculation
Calculate appropriate cable chain
length in accordance with given travel
distance

Self-supporting capacity
calculation

Determine self-supporting capacity
with respect to an additional load

Double-check of selected cable
chain type

Choose cable chain that fits to
determined requirements

Selection of accessories

Specify additional components such
as end brackets, separators and
channels in accordance with selected
chain type

O N O O & LW D

} Please find detailed information on each
point above in the following sections.
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1 Input data to determine the type of cable chain

The choice of cable chain should not only be based on a mathematical calculation
of certain factors but should consider and analyse carefully all the available data.
The following information will provide basic help in making the right decision.

The first step in cable chain selection is
the definition of the internal chain link di-
mensions. Therefore, key technical param-
eters must be defined:

Utilities

Cables

* Overall diameter ODc (mm)*

* Weight (Kg/km)*

e Minimum dynamic bending radius
MBR (mm)*

* Type — power, signal, data, optical

¢ Material = PVC, PUR, etc.

Hoses

e Overall diameter ODh (mm )*

* Empty weight (kg/m) and full weight
(Kg/m)*

* Minimum dynamic bending radius
MBR (mm)*

* Working pressure

¢ Linear expansion % under pressure

* Radial expansion % under pressure

¢ Type — industrial, hydraulic, pneumatic

¢ Media — air, water, mud, oil, etc.

Application parameters

* Type of movement (linear, rotation,
combined)

* Travel distance LS

e Speed

* Acceleration

* Installation available room
(Ox, Oy, Oz - mm)
(Possibility to use more than one chain)

Duty cycle and service factor
e Cycle time

* Working hours a day

* Working days a week

* Service factor %

Application environment

* Temperature

e Humidity %

* Qutdoor vs. indoor

e Clean vs. dirty

* Presence of chemical agents

*Mandatory data (required spare space
Sp% and distance Du of separation
between different utilities if required)

2 Cable chain layout design

To ensure proper cable chain functions and to avoid any damage Legend
to the cables, please determine the right chain size according to @® Cable
following basic rules: O  Hose

Min. 20% Min. 10%

@] 0olel

Fig. 1

1) For electric cables, a clearance of at
least 10% between the cable and the outer
frame must be guaranteed; for pneumatic
lines the clearance should be 15%, while
for hydraulic hoses the clearance should
be at least 20% (Fig. 1)

26

Fig. 2

2) Avoid placing cables/hoses that have
different outer sheaths together in one
section so that friction can be eliminated
(e.g. cables and hydraulic hoses) (Fig. 2)

1\ e]:T0).¢

Cable chain is used for pro-
tection and guiding of flexible
cables and hoses installed in

a cable chain. For that reason
chains must always be designed
in accordance with cable/ hose

features and not the other way

round.

Our long-term experience in cables
enables us to support you with any
kind of technical advice. Please
contact our technical engineers.

g1 i

Fig. 3

3) If several cables/hoses are used, it is
preferable to avoid them rubbing each
other by placing them in an isolated space
and using separators to separate them. If
this is not possible, verify that the internal
space does not allow cables/hoses to be
twisted. H< d2 or, for any couples of
utilities not separated each other, = d1 +
d2 > D (Fig. 3)

|@lelelel®]

Fig. 4

4) Place cables/hoses symmetrically ac-
cording to their dimensions and weight,
placing the largest and heaviest externally
and the smaller and lighter ones internally
(Fig. 4)

Multi-layer layout

In case of space limitations, one option
can be to reduce the link width. Link height
must be increased accordingly. Then utili-
ties have to be placed on more layers.

For multi-layer utilitiy layouts, please
contact our specialists.

Only if necessary Better

Fig. 5

5) If possible, all cables should be placed
in one single layer. This will improve the
operating life time of the system. Mul-
ti-layer separators are difficult to assem-
ble, maintain and are more expensive
(Fig. 5)

D > 1.1 ODc (for cables)/ D > 1.2 ODh (for hoses)

3 Selection of cable chain type

Make the first selection of a cable chain
from our product selection table (see page
52/53) in accordance with the required
inner chain link dimension, taking into ac-
count material type (nylon vs. steel),
speed, acceleration and other factors.

Nylon

If the calculated cable chain width is
too wide, please choose from the
following options:

Steel

e Multiple chains in nested or ring
configuration (see page 22/23)

e Layout with utilities on more layers

inside the cross section of the cable
chain (see step 2)

Robot

Multiple Application Series

Sliding Applications

Sliding Applications

Robot Series
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4 Bend radius 5 Cable chain length calculation

In order to define the - Bend Radius (BR)
of a cable chain, the list of all the cables
and hoses needs to be considered: all
bending radii of cables and hoses deter-
mine which chain BR has to be chosen —
chain BR has to be equal or higher than
highest cables/hoses MBR (Maximum
Bend Radius).

Considering the distance LSA between the feeding point and centre of travel distance
LS, five different configurations are possible:

L. =LS+M - LSA (when LSA < LS/2)
Feeding point position [ —— - | S

LSA=LS /2 ‘ Centre feed ‘_. - 18/2> - 1S/2 P |

-

Please consider that:

o * The cable MBR is calculated in Most common type of | : o | : L
féo@es relation to the central axis configuration <LSA=LS/2> B--N- i < LSA=LS/2 BN -
Please check the technical data * The hose MBR is calculated in L =M +LSA (when LSA > LS/2)
sheet of each input utility. MBR of °ab|es;f“ relation to the inner bending cale
- S R
Feeding point position
H i e
LSA>LS/2 | Overlength mobile point }—¢ R (R e : ‘ ‘
/ ‘ ~a— LSA>LS/2 —» - N
0<LSA<LS/2 ‘ With offset
- | S ————
LSA=0 ‘ End feed ‘— : !

<t 1S/2

LSA<0 ‘ Overlength feeding point F m

<t 0<LSA<LS/2 <t 0<LSA<LS /2

INFOBOX - S

Since a cable chain is a

sequence of links, the chain e 7

length must be a multiple of

the pitch “P”.

For the steel chain N- series :
only, the round up must be & LS/2 >

taking account of the odd 2 - 3
number of chain links. —e ‘ ‘ -

> LSA<O

Legend . . conduit systems and cable carmier systems. BLAFP GROUP
LS = Travel distance L, LSA - input data
LSA = Fixed point displacement in M — value in catalogue table ! A T -
relation to the extended end of (Fig. 1). M is determined un- S G
the stroke der point 4, bending radius
M = Bent length of the chain definition
R = Chain’s bending radius
P = Pitch Difference between M & M1:
N = Parking space when the chain is M - value of the bent chain’s
completely retracted* length in self-supporting
H = Mobile point installation height configurations
* based on chain’s minimum length M1 - value of the bent chain’s
needed to achieve the travel distance. length in sliding configura-
tions
Chain bending radius “R”
Bent chain length
“M”, “M1” \
Fig. 1
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Self-supporting capacity calculation

Pre-set

The pre-set (Pr) is a fundamental feature in
cable chains. This determines the self-sup-
porting capacity which allows the cable
chain to support not only its own weight,
but also the weight of the cables/hoses
placed inside. Empty cable chains there-

fore appear to be curved upwards slightly.
Each chain has its own self-supporting dia-
gram, which shows the maximum addition-
al load (Kg/m) that the cable chain can
support in relation to the unsupported
length LS/2 (m). No support is needed

when the cable chain stays below the
curve. Cable chains above the curve need
to be supported or switched to stronger
cable chain or a sliding configuration.

Pre-set cable chain without load

Self-supporting diagram

kg/m

% —
0 \\ [ [

Pad
77\
Q %

Lt
by
Lt
LA

w S~ OO 0
P~
-

W
L]

!"—’

LA

The curve in the self-supporting diagram
(orange line) represents the free deviation
length of the cable chain (self-supporting
length SL) that nullifies the cable chain’s
pre-set with a certain additional load. The
light orange area on the left side (the de-
scending line) of the curve takes into ac-
count the fact that, for equal sidebands, a
wider cable chain corresponds with a big-
ger weight and therefore a lower capacity
to support the additional load of the utili-
ties.
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Pre-set cable chain with load
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A cable chain can also be used outside its
self-supporting area, accepting that the
suspended portion of the chain works with
a sag. Please also note that cable chains
with a sag must be operated with lower
speed and acceleration. In addition, the
lifetime will be reduced.

Pre-set cable chain with load and negative sag

Self-supporting with admissible sag

Self-supporting without admissible sag

INFOBOX

If the application parameters
require that the intersection
between the two lines falls
above the diagram, the chain
must be supported or sliding.
Please refer to the specific

section “self-support diagram

and system configurations” on
page 39.

For the maximum value of the
admissible sag of each series,
please contact our technical office.

7 Double-check of selected cable chain type

If the calculated values apply to the prop-
erties of the selected cable chain, the se-
lection process is finished.

The cable chain dimensions can then be

determined: when selecting a chain, avail-
able space conditions must match dimen-
sions C and D (Fig. 1). Please check that
the overall dimension A is lower than the

A

A

A A

A

However if it is necessary to find another
chain, the following options are available:

Selection of accessories

Necessary accessories need to be speci-
fied from relevant product pages, for ex-
ample end brackets, separators, cable fix-
ing clamps, guiding channels, etc.

&

c

»
L

* Selection of a stronger/bigger cable
chain type (go back to step 3)

* Cable chain in sliding configuration (go
back to step 3)

» Steel cable chain (go back to step 3)

* Possibility to use support rollers (see
page 41)

Useful tips and recommendations for use
of different kinds of cable chain accesso-
ries and system configurations in section 3
(from page 33 onwards).

available space Oz. (See illustration on
page 18)

Legend

A - External chain link width
B - External chain link height
C - Inner chain link width

D - Inner chain link height
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Cable chain accessories

End brackets

Mounting positions

The mounting positions of the end brackets allow the cable chain to be fixed in o Any mounting needs not listed
the configurations described below. Unless otherwise specified, the chains are below? Please contact us.
supplied with the end brackets mounted in Pos. 1.

Pos. 1, mounting both external radii Pos. 2, mounting external radius &

SeCtlon 3 ' internal radius
Specific product topics

‘ Section 3 ‘ Section 2 ‘ Section 1

Pos. 4, mounting front Pos. 5, mounting turned inside Pos. 6, mounting turned outside

Materials and shapes

End brackets can be delivered in different
materials and shapes.

Bracket in “U” shape

Available for small chains in steel or
nylon. The correct mounting position must
be specified. It is fastened using slots that
allow a mounting tolerance.

Bracket in “L” shape

Available in steel or nylon. The correct
mounting position must be specified. It is
fastened using slots that allow a mounting
tolerance.

33




Bracket in “I” shape

Available in nylon.

The mounting position is automatically
determined by the end bracket. It is
fastened using holes that require low
mounting tolerance.

Locked or pivoting

Depending on the shape or use of the end brackets they can be locked or pivoted.

Locked end bracket
Suggested for standard horizontal or
vertical applications.

Universal bracket

Available in nylon.

Different mounting possibilities
in one piece.

Pivoting end bracket
Used for sliding applications and

rotations.

Due to the dynamic behaviour in slid-
ing applications it is mandatory for
the end bracket to be pivoting in or-
der to balance the downward and up-
ward movement of the cable chain
while keep following the linear move-
ment of the towing arm.

Fixation devices

Cable clamps, cable combs and fixation profiles are fixation devices. They allow the utilities to be fixed at the end of
the chain, which preserves them from unexpected breakage. A minimum distance of 15 x OD of the utility will be left
between the last link that bends during the movement of the chain and the position of the fixation system.

Fixation profiles

Cable clamps

Cable combs

Integrated combs

Depending on the type of chain, these
combs can be found directly integrated
into the end bracket (usually for small
chains).

Clip mounted on cross frame

Can be mounted as a clip directly on the
end bracket cross frame.

Clip mounted on a profile

For larger cable chain sizes, these combs
are mounted as an additional component
on a special aluminium profile designed
to ensure optimal strength.

Section 1
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Frames

Frame variants

Definition of terms

Customisation
Ability to meet the customer’s
dimensional requirements.

Stiffness

Capacity which has the cross
frame to oppose to the elastic
deformation caused by a force
applied.

Cable harnessing
Is related to the utilitites
(cables/hoses) in the chain.

Cable protection

Ability to protect the utilities
from external agents and to min-
imise their wear.

Legend
* * k% %

* k%
* %

High

Low
>*
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Nylon open cross frame version
Lightness: ****

Cable harnessing: ***

Stiffness:*

Cable protection: **
Customisation: **

Price: *

Protection cross frame version
(available in plastic or aluminum)
Lightness: ***

Cable harnessing: **

Stiffness: **

Cable protection:****
Customisation: **

Price: **

Aluminum profile cross frame version

Lightness: ***
Cable harnessing: **
Stiffness:***

Cable protection: **
Customisation: ***
Price: ***

Rod cross frame version

(available in plastic, aluminum or steel)

Lightness: ***
Cable harnessing: **
Stiffness: ***

Cable protection: **
Customisation: ***
Price: ***

Machined cross frame version
(available in plastic or aluminum)
Lightness: *

Cable harnessing: **

Stiffness: ****

Cable protection: ***
Customisation: ***

Price: ****

Custom cross frame version
Lightness: ***

Cable harnessing: ***
Stiffness: ***

Cable protection: **
Customisation: ****

Price: ****

Frame opening options
Our portfolio contains modular frame opening options for different nylon cable chains:

*The hinge open frame stays fixed to the side band, facilitating and speeding up the
harnessing operations.

*The snap open frame offers the advantage of easy and fast removal and allows the

possibility to position the cables in a convenient way. This is mandatory when the ca-
bles are already equipped with connectors.

Hinge open outside bending radius Hinge open inside bending radius

Snap open outside bending radius

Universal hinge/snap opening

Snap open inside bending radius

This option allows maximum flexibility
during wiring while maintaining a good
stifness of the chain.

Bolted cross frames

This option also offers the possibility to
open the chain. This operation requires
more time but ensures greater stiffness
of the chain.
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Separation options

The wide range of separators available for each type of chain allows in-
finite combinations of use to fit any requirement. As a general rule the
separators are mounted in every second chain link. Different mounting

frequencies may be required.

Vertical fixed or mobile

separator (Fig. 1)

Vertical fixed or mobile
separator for divisor

rollers (Fig. 2)

Horizontal divisor roller

Side separator:

The vertical separator which prevents
damage to the utilities caused by their
contact and wearing against the chain
sidebands or is used to keep horizontal
separators in position.

Internal vertical separators:
All types of separators which are not
side separators.

For separation systems available for
specific chain types, please refer to
the respective product pages.
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Stronghold separator

Other vertical separator types:

Vertical fixed or mobile
separator (Fig. 1)

[

»L“Form

—]

»1“-Form

Halfway separator

Halfway mobile
separator

ll B
=l

Vertical separator
for “T”/ “L” shape
(Fig. 3)

Horizontal separator

]
I
]

Side separator

Horizontal separation options
work with:

Vertical fixed or
mobile separator
for divisor rollers

(Fig. 2)

i 1]

Vertical separator
for “T” and “L”
shape (Fig. 3)

Self-supporting diagram

There are two ways to work with the
self-supporting diagram (Fig.1):

A. Starting from the additional load (so
from the cross section sizing), the max-
imum self-supporting length that the
chain can reach can be checked

B. Starting from the self-supporting
length (so from the system configura-
tion), the maximum additional load that
the chain can support can be checked

The list of utilities that the system should
drag is called the input data. To carry ad-
dtional loads, often the only way is to use
more than one chain, distributing it on
more chains (nested, side by side or in a
ring configuration). In accordance with
this, the self-supporting diagram is used in
the “B” option, mainly at the beginning of
system dimensioning, when the decision
needs to be made to use one or more
chains.

After determining the chain number and
distributing of utilities among them, use
the diagram in the way “A” to define the
configuration of the cable chain system.
This just relates to self-supporting configu-
rations with fixed point in centre position,
SSL=1LS/2.

The horizontal axis represents the maxi-
mum self-supporting length SSL of the
configuration (often mistakenly defined as
half of the travel distance LS/2).

Fig. 1

Looking at the diagram (Fig.2), and work-
ing in the way “B”, the green line level is
fixed (because the additional load is deter-
mined). Viceversa, the vertical blue line
moves to the right increasing the travel
distance. When the maximum self-sup-
porting length is exceeded, a configuration
has to be chosen that supports the chain
in a better way.

1 1
< OK! __ NotOK!

>

144144
2222

Fig. 2

Considering an application with fixed point
in centre position:

e Self-supporting applications —
SSL=1LS/2

e Supported application with 1 support
roller on the extended side of the
stroke — SSL = LS/3 (single support
roller should be positioned at a dis-
tance of LS/3 from the extended end
of the stroke) (Fig. 3)

e Supported application with 2 support
rollers on the extended side of the
stroke = SSL = LS/4 (the two support
rollers should be positioned at the cen-
tre and at ¥ of the travel distance)
(Fig. 4)

*SSL = Self-supporting length

~ LS >

= LS/3p 3
1 : -
Fig. 3

Generally there are no limitations in the

number of support rollers.

However, if the stroke exceeds its capacity
(Max SSL < LS/4) sliding configurations or
other system accessories have to be used
such as supporting hooks, side rails or

trolleys.

1\ e]:10) ¢

The self-supporting diagram

is determined by testing the
chain when it is new. But the
self-supporting performance of
the chain declines as wear and
tear increases, so a used chain
has less self-supporting capaci-
ty than a new one. This must be
considered in the calculation of
the system requirements.

If your application results are

close to the limit values, please

contact our technical office for
additional evaluations.

- LS

< LS/4 == LS/4

Fig. 4

\

|
&

P
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System configurations

Depending on the ratio between the travel distance LS of the mobile point and the
self-supporting length SSL, there are different possible configurations:

Additional load

Travel distance LS

(a) Self-supporting P Extended side LS/2 ! Retracted side LS/2 |
LS/2<SSL (red curve) = 5 SSL=LS/2 ' |

0 Self-supporting with sag
LS/2<SSL (green curve) —

‘D Supported on the extended side '
LS/2>SSL>Lc/4 — H

SSL=LS$/8 !

Support rollers (or hangers) ! Side rails

! 1
o —e, |
pDE
i ;] !

@Supported on the retracted side*
LS/4>SSL>Lc/8 —

‘DSupported on the whole length* :
LS/8>SSL -

(C) Sliding

LS/8>SSL -

The chain section that is not possible
to support is highlighted in red. The ~ “Among the three configuration options,
combination of additional load and e ellielig CemfiEuEH e ElREmiEes
. . longer travel distances and is more cost
self-supporting length must remain o ) )
R effective since no side rails and trolleys
lower than the self-supporting curve

are needed.
of the diagram.

© Self-supporting configuration
In self-supporting configuration, the chains work with
or without sags. The advantages are:
Self-supporting chains without sag Self-supporting chains with sag All the self-supporting configurations
* Operate with higher speed and * Reach longer travel distances * Do not require a guiding channel but at

acceleration . . least a ground channel on the retracted

* Sometimes the cheaper solution due side (see page 41)

e Stress chain and cables less, so the to smaller cable chain sizes pag

* Require a strain relief mounted on both
ends (see page 50/51)

¢ Are manufactured with pre-set

e Must be connected at installation

- height H or higher (not lower)

* Have less wear than sliding configura-
tions (no friction between chain when
operating)

i * Increasing pre-tension may increase

the self-supporting length

* he end brackets need to carry the sys-
tem’s complete load (weight of chain &
cables plus dynamic forces)

operational life is longer
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O Supported configurations

Support rollers

In case of supported cable chain configu-
rations, different kinds of support rollers
can be used. See dimensions of our stand-

a

Guiding channels/ground channels

rd rollers in the table below.

Chain Type X Y L

Chain Series A5
Legend
W - Distance between fixing holes
Y - Distance between fixing holes
A - External chain link width
L - Max. width of support roller

Many different custom types can be
created upon request.

- L

.- A

2R

30mt - X -l 30

A5

2R

Support roller for nylon chains

Ground channel

— Internal base width of channel
— Max. height of channel

— Thickness of channel

— Double radius

X Y i

Support roller for steel chains

41
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O Sliding configurations

In case of sliding applications, the cable
chain works in combination with other
mechanical elements, so as the required
performances increase (travel distance,
speed, acceleration, duty cycles), the le-
vel of complexity increases.

Sliders

Our chain series for sliding applications
are designed to minimise friction and
wearing even with heavy loads. Therefore
the sliders integrated into the link are
made with low friction polymers to in-
crease the contact surface.

In some series the sliders are easily re-
movable so that:

* In case of maintenance, only the wear-
ing parts have to be replaced, reducing
the maintenance costs and increasing
the working life of the system

* The sidebands and the sliders on the
chain can use different polymers ac-
cording to the different functions of the
parts of the chain

The dimensions of the sliders allow the
chain to keep itself stable. Even in applica-
tions with high accelerations.

Sliders

Upon request, it is possible to pro-
duce cable chains with special poly-
amides for applying in particularly
aggressive environments. Ask our
technical office for additional infor-
mation.
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Sliding with single chain

To properly operate in sliding configura-
tion, the cable chains require the use of a
guide channel.

In single chain applications, along the re-
tracted side of the travel distance the

[
-
I

INFOBOX

In order to achieve the best
funtionality result the distance
between the fixed point of the ca-
ble chain and the beginning of the
supports mounted on the extended
side of the guide channel has to be
as small a possible - however not
more then 500 mm.

The materials available for the

channels are: Zinc-plated steel,
stainless steel AISI 304 or 316L,
Aluminum.

chain slides on itself, while the extended
side of the travel distance is supported by
suitable supports mounted directly on the
side of the guide channel.

RN

l<¢— Guide channel with supports — g Guide channel without supports ——m=

Sliding with multiple 