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1. Why Low Voltage Reeling Cables Are the Workhorse of Industrial

Automation

While medium-voltage (6.6kV to 11kV) power cables capture most engineering attention in

industrial power systems, the 0.6/1kV low-voltage reeling cable is arguably the more critical

workhorse driving the operational efficiency of global port and manufacturing facilities.

Consider the operational reality: a single Ship-to-Shore (STS) container crane features one or

two main medium-voltage power cables handling bulk electrical current (600-800 amperes),

but the same crane contains a dozen or more 0.6/1kV circuits powering auxiliary systems that

directly control container movement and safety.

在容器港和制造设施中，0.6/1kV低压卷筒电缆控制转运车、抓斗、起重磁铁和辅助系统的日常操作。当这些电

缆之一发生故障时，特定的机械停止运行，会在整个设施中产生连锁停工效应。

These 0.6/1kV circuits power transfer cars that move containers across the terminal, grab

bucket hoists that position containers vertically, lifting magnets that manipulate cargo, brake

solenoids that hold equipment stationary, and control signal circuits that communicate

between the main crane controller and individual actuators. When any one of these 0.6/1kV

cables fails, the specific mechanism stops functioning. If a transfer car cable fails, containers

cannot move laterally—the entire crane becomes immobilized. If a grab bucket cable fails,

containers cannot be raised from the truck or deck—a cascading sequence of operational

delays propagates through the terminal. This ripple effect means that low-voltage cable

reliability directly drives facility throughput metrics.

The Material Selection Challenge: Unlike medium-voltage cables where the choice is

essentially binary (VDE-compliant copper power cables in either rubber or PUR jacket), low-

voltage reeling cables present a more nuanced material decision. The cable must power

diverse functions (some power-intensive, some control-signal-intensive), must operate in

diverse environments (from indoor automated warehouses with controlled temperature to

outdoor seaport terminals with marine spray and intense UV radiation), and must

accommodate varying mechanical stress profiles (transfer cars experience sustained high

tensile loads; grab buckets experience rapid dynamic impacts). These diverse requirements

have driven the emergence of distinct rubber and polyurethane variants, each optimized for

different operational scenarios.



Understanding this material decision—when to specify polychloroprene rubber (NSHTÖU),

when to specify polyurethane (PUR), and what technical factors should inform the choice—is

the focus of this comprehensive guide.

2. The Technical Architecture: Understanding 0.6/1kV Cable

Construction

A genuine 0.6/1kV low-voltage reeling cable, whether rubber or polyurethane jacket, shares

fundamental architectural principles that distinguish it from standard industrial power cables.

Understanding these principles explains why reeling cables command cost premiums and

why specification precision matters.

Conductor Material and Stranding: The foundation of any LV reeling cable is tinned

electrolytic copper with extra-fine Class 5 or Class 6 stranding per IEC 60228. Unlike

standard industrial cables that use coarser Class 2 or 3 stranding optimized for cost

efficiency, reeling cables employ micro-strand constructions that allow the conductor to flex

smoothly during repeated bending and torsional motion. The tinning (electrochemical

copper surface coating) prevents oxidation that would otherwise increase contact resistance

as the conductor moves within the insulation. For a typical 3×2.5 mm² control cable, Class 5

stranding creates approximately 40-60 individual copper strands per conductor, compared

to Class 2 stranding producing 2-3 strands per conductor. This 15-30× increase in strand

count dramatically improves flexibility.

Insulation Layer: EPR Type 3GI3: All professional 0.6/1kV reeling cables employ EPR

(Ethylene Propylene Rubber) Type 3GI3 insulation. This specific formulation represents high-

performance elastomer engineering: the base EPR polymer provides adequate dielectric

properties and basic flexibility, while the 3GI3 designation indicates enhanced additives for

fatigue resistance, ozone tolerance, and thermal stability. Unlike basic industrial cable with

standard EPR that develops visible cracking after 50,000-100,000 flex cycles, the 3GI3

formulation delays visible crack formation to 500,000+ cycles. For a transfer car experiencing

1,000+ start/stop cycles per day, this enhanced fatigue resistance extends service life from 2-

3 years to 4-5 years.

Insulation thickness varies by voltage and application: control cables typically employ 0.8-1.2

mm insulation per conductor, while power cables utilize 1.5-2.0 mm. Dielectric strength



testing confirms that properly-formulated EPR 3GI3 insulation maintains 6-8 kV breakdown

strength, providing a 6-8× safety margin over the rated 1.0 kV operating voltage.

The Semi-Conductive Screen Layer: Between the insulation and outer jacket sits a thin

semi-conductive rubber screen (volume resistivity 100-1000 ohm-cm). This layer serves two

functions: it creates a controlled equipotential surface that prevents localized electric field

concentrations at insulation surface irregularities, and it provides a controlled discharge path

for static electricity that accumulates during cable reeling motion. Without proper semi-

conductive screening, partial discharge (localized ionization in microscopic insulation voids)

can initiate within weeks of operation, eventually degrading insulation until breakdown

occurs. With proper screening, this failure mode is essentially eliminated.

The Anti-Torsion Braid: The Defining Engineering Feature: This is the single feature that

separates true reeling cables from standard industrial alternatives. Between the outer semi-

conductive screen and the outer jacket runs a high-tensile synthetic fiber braid—typically

Kevlar or high-modulus polyester yarn—tightly vulcanized into the rubber matrix. This braid

arrests rotational forces during reeling, preventing the corkscrew effect that destroys

standard cables. We'll explore this critical component in detail in section 6.

Table 1 — 0.6/1kV Reeling Cable Construction: Cross-Section Specification

CABLE LAYER | 电缆层 MATERIAL | 材料 SPECIFICATION | 规格 FUNCTION | 功能

Inner Conductor Tinned Copper Class 5-6 Stranding

(IEC 60228)

Electrical conduction;

maximum flex capability

Conductor Screen Semi-Conductive

Rubber

Volume Resistivity

100–1000 Ω·cm

Uniform electric field

distribution

Primary Insulation EPR Type 3GI3 Thickness: 0.8–2.0

mm per conductor

Dielectric barrier; fatigue-

resistant formulation

Outer Screen Semi-Conductive

Rubber

Volume Resistivity

100–1000 Ω·cm

Electrostatic discharge

path; field grading

Anti-Torsion Braid Kevlar or High-

Mod Polyester

Helical wrap, 45°

angle, vulcanized

Prevents rotational

corkscrew damage

Outer Jacket Polychloroprene

(5GM5) OR

Polyurethane

Thickness: 1.5–2.5

mm; Shore A 80-90

Abrasion/environmental

protection; material-

specific properties



3. VDE Standards Framework: DIN VDE 0250-814 (Rubber) and DIN

VDE 0250-818 (PUR)

European reeling cables are governed by two distinct standards depending on jacket

material: DIN VDE 0250-814 for rubber-jacketed cables and DIN VDE 0250-818 for

polyurethane-jacketed cables. Understanding these standards reveals why material selection

involves specific technical trade-offs.

DIN VDE 0250-814: Rubber-Jacketed Flexible Cables (NSHTÖU Family): This standard

governs cables rated 0.6/1 kV with rubber jackets (polychloroprene, natural rubber, or EPDM

formulations) designed for flexible applications requiring repeated bending and torsional

stress. The NSHTÖU designation breaks down as: N (multi-core flexible), S (special design for

mechanical stress), H (halogen-free option, where applicable), T (thermosetting rubber), Ö

(integrated German-specification sheath), U (uniform voltage rating where Uo=U, meaning no

phase-to-phase stress multiplication).

VDE 0250-814 specifies testing requirements that rubber cables must survive: minimum

tensile strength of 12-15 N/mm² applied to the total copper conductor cross-section

(meaning a 3×2.5 mm² + earth conductor cable must withstand pulling force before

permanent deformation), minimum 1 million complete bend cycles from minimum radius (5-

10× outer diameter) to straight configuration without insulation failure, maximum torsional

rotation of ±25°/m without permanent jacket deformation, and electrical testing including

high-voltage withstand at 3.5 kV AC for 5 minutes (approximately 3.5× the rated 1 kV voltage).

Additionally, VDE 0250-814 mandates specific environmental resistance testing for rubber

formulations. Cables must survive accelerated ozone aging (10,000+ hours per ASTM D1149

or equivalent), flame retardancy verification (typically V-0 per UL94 for marine and industrial

deployment), and oil immersion testing (confirming minimal swell or strength loss after 72

hours in mineral oil at 70°C).

DIN VDE 0250-818: Polyurethane-Jacketed Flexible Cables (PUR): This newer standard

(developed as polyurethane adoption increased through the 1990s-2000s) governs PUR-

jacketed cables rated 0.6/1 kV. PUR offers distinct mechanical advantages (superior abrasion

resistance, dramatically improved tensile strength, superior oil resistance) that justify

separate standardization. VDE 0250-818 recognizes these advantages but also

acknowledges distinct failure mechanisms specific to polyurethane materials.



Notably, VDE 0250-818 permits higher maximum tensile stress (up to 25 N/mm² for

reinforced PUR, compared to 15 N/mm² for rubber), recognizing that polyurethane's greater

tensile modulus allows it to bear higher pulling forces without permanent deformation.

However, VDE 0250-818 imposes stricter requirements on bend fatigue testing (2 million

cycles compared to 1 million for rubber) and lower-temperature brittleness testing, as

standard polyurethane becomes stiffer in sub-zero conditions compared to temperature-

optimized rubber formulations.

Comparative Testing Standards: The table below summarizes how the two standards differ

in their mechanical and environmental stress thresholds. These differences directly inform

material selection: rubber specifications suit applications with moderate mechanical stress

but extreme environmental exposure (outdoor marine environments), while PUR

specifications suit high-mechanical-stress applications in controlled or low-exposure

environments (indoor automated warehouses).

Table 2 — VDE 0250-814 vs. VDE 0250-818: Testing Requirement Comparison

TESTING PARAMETER | 测试参数 VDE 0250-814 (RUBBER) VDE 0250-818 (PUR) DESIGN IMPLICA

Min. Tensile Strength 12-15 N/mm² 20-25 N/mm² PUR permits hig

pulling loads; ti

conductors pos

Bend Fatigue Cycles 1,000,000 cycles 2,000,000 cycles PUR suitable fo

high-duty-cycle

applications

Max. Torsional Rotation ±25°/m ±25°/m Anti-torsion

requirement

equivalent for b

Oil Immersion Resistance Standard requirement Superior (inherent

PUR property)

PUR for oil-exp

environments;

rubber requires

special compou

Ozone Resistance (outdoor) 10,000+ hours required 5,000+ hours (less

critical)

Rubber better f

outdoor; PUR

adequate for

covered/indoor

Flame Retardancy Mandatory (V-0

standard)

Optional (depends

on spec)

Rubber inheren

flame-resistant

requires specia

additives



TESTING PARAMETER | 测试参数 VDE 0250-814 (RUBBER) VDE 0250-818 (PUR) DESIGN IMPLICA

Low-Temp Brittleness Standard PUR

adequate to -20°C

Arctic blend

needed below

-20°C

Rubber more fl

at extreme cold

requires specia

formulation

4. Polychloroprene Rubber (NSHTÖU / 5GM5): When and Why to

Choose It

Polychloroprene rubber, commonly called neoprene, remains the gold standard jacket

material for low-voltage reeling cables deployed in harsh outdoor environments.

Understanding the specific advantages of rubber—and accepting its distinct trade-offs—

informs the selection decision.

Why Rubber Dominates Outdoor Port Terminals: Polychloroprene elastomer (specification

5GM5 for reeling cables) exhibits inherent properties that make it superior for seaport

environments. First, rubber exhibits naturally high ozone resistance: standard formulations

tolerate 10,000+ hours of accelerated ozone aging (roughly equivalent to 5-7 years of

continuous outdoor tropical exposure). Seaports generate ozone through arc plasma from

electrical equipment, saltwater spray that oxidizes rubber surfaces, and intense UV radiation.

These combined stressors rapidly degrade polyurethane and many synthetic elastomers, but

rubber formulations engineered specifically for marine exposure tolerate the abuse

indefinitely.

Second, rubber exhibits superior temperature resilience at both temperature extremes. At

outdoor seaport temperatures ranging from 5°C (winter ports in northern Europe) to 45°C

(tropical container terminals in Southeast Asia), rubber maintains adequate flexibility and

insulation integrity. Standard polyurethane becomes noticeably stiffer at temperatures below

10°C, requiring expensive arctic-blend formulations for cold-climate deployment. At high

temperatures, rubber exhibits greater thermal stability, maintaining Shore A hardness within

acceptable ranges (80-90) across the full temperature span, while polyurethane often

exhibits undesired softening above 40°C.

Inherent Flame Retardancy: Polychloroprene rubber is inherently flame-retardant (typically

achieving V-0 classification per UL94 without additive assistance). This property is critical for

port terminals where cable routinely runs through confined spaces (crane electrical cabinets,



underground cable trays, enclosed switchgear areas) where fire propagation risk is

significant. PUR achieves equivalent flame retardancy only through addition of halogenated

flame-retardant compounds (increasing cost 10-15%) and reduces mechanical properties

slightly.

Cable Weight and Installation Considerations: Rubber jackets in the 5GM5 specification

require thickness of approximately 2.0-2.5 mm to achieve adequate mechanical protection.

This thickness is greater than equivalent PUR jackets (typically 1.5-2.0 mm), resulting in higher

overall cable weight. For a 3×2.5 mm² control cable, rubber versions typically weigh

approximately 150-170 kg/km, compared to 120-140 kg/km for PUR equivalents. This weight

difference becomes significant in large-scale port deployments: a 1 kilometer section of

rubber cable weighs 12-15 tons more than PUR equivalent. However, this heavier construction

also means greater durability against impact damage—an important consideration in busy

port terminals where cables are routinely dragged across concrete and struck by equipment.

Cost Considerations: Rubber-jacketed NSHTÖU cables from European manufacturers

typically cost 10-15% less than PUR equivalents at baseline specification, because rubber is

more cost-effective to process at scale and requires less sophisticated extrusion technology.

However, this cost advantage diminishes or reverses when comparing quality-equivalent

factory-direct sourcing, where both material systems achieve cost parity.

5. Polyurethane (PUR): Superior Abrasion Resistance and Compact

Design Benefits

Polyurethane jacket material represents the other extreme of the engineering spectrum, and

increasingly dominates indoor and high-mechanical-stress applications. Understanding

PUR's specific advantages—and accepting its environmental limitations—informs application

selection.

Exceptional Abrasion Resistance: This is the defining advantage of polyurethane for reeling

cable applications. Polyurethane's tensile properties and surface hardness are superior to

rubber by an order of magnitude. A rubber cable dragged repeatedly across sharp concrete

edges, rough steel surfaces, or sharp rock fragments (in mining applications where LV control

cables run adjacent to main extraction equipment) sustains visible surface scarring within

months. The same cable in polyurethane formulation tolerates thousands of abrasion cycles

before surface damage becomes visible. This superior abrasion resistance directly translates



to longer cable service life in mechanically harsh environments. In scrap yards (where grab

bucket cables routinely contact sharp metal), industrial foundries (where molten metal splash

and hot surfaces surround cables), and aggressive mining environments, PUR cables typically

deliver 50-80% longer service life than rubber equivalents.

Oil and Chemical Resistance: Polyurethane exhibits inherent resistance to mineral oils,

synthetic hydraulic fluids, and most industrial coolants and solvents. Rubber, conversely,

undergoes measurable swell and property degradation when immersed in oil for extended

periods. The difference is dramatic: rubber cable immersed in standard mineral oil for 72

hours at 70°C exhibits approximately 5-10% volume increase (swell) and 15-20% tensile

strength reduction. The same PUR cable exhibits <2% swell and <5% strength reduction. For

equipment in oil-rich environments (hydraulic-powered systems in port cranes, mining

equipment with inherent hydraulic leaks), PUR specification ensures chemical compatibility

without accelerated aging.

Compact Design and Weight Reduction: Because PUR achieves adequate mechanical

protection with thinner jacket wall (approximately 1.5-2.0 mm versus rubber's 2.0-2.5 mm),

PUR cables typically exhibit 10-25% smaller outer diameter and 15-25% lower weight than

rubber equivalents with identical conductor configuration. For a 3×2.5 mm² control cable,

rubber versions typically produce 10-12 mm outer diameter, while PUR versions achieve 8-10

mm. This size difference permits installation of more cables in the same conduit space, use of

smaller motorized reels, and reduced installation labor on space-constrained equipment

(modern automated RTG cranes with tightly integrated cable management).

Environmental Limitation: Temperature Sensitivity: Standard PUR formulations become

noticeably stiffer below approximately 0°C, and genuinely brittle below -15°C. For outdoor

seaport or mining applications in cold climates (northern Europe, Scandinavia, Alaska,

Canada), standard PUR is inadequate. Arctic-blend PUR formulations (incorporating

elastomer additives that maintain flexibility at extreme cold) are available but cost 15-25%

premium and remain marginally more brittle than equivalent rubber formulations at the same

temperature. For applications in climates with regular winter operation below 0°C, rubber

specification is preferred despite PUR's other advantages.

Ozone and UV Sensitivity: While adequately formulated PUR exhibits acceptable ozone

resistance for most industrial applications, it does not match rubber's inherent tolerance. PUR

cables deployed in seaport or tropical outdoor environments require specific UV-resistant

additives in the jacket formulation, increasing cost approximately 8-12%. Even with these



additives, PUR service life in intense UV environments (open-pit mining at high altitude,

tropical seaport terminals) typically reaches 5-7 years, compared to 8-10 years for equivalent

rubber cables.

6. The Critical Anti-Torsion Architecture: Preventing Cable

Corkscrew Failure

Whether a reeling cable is rubber or polyurethane jacketed, the anti-torsion braid represents

a non-negotiable engineering requirement distinguishing professional cables from

inadequate substitutes. This single architectural element directly determines whether a cable

survives typical deployment (6-8 years of continuous service) or fails prematurely (3-6

months).

Understanding Torsional Stress in Reeling Applications: When a motorized reeling drum

winds or unwinds cable, the outer surface of the wound cable rotates with the drum at a fixed

rotational velocity. Simultaneously, the inner conductor bundle is coupled to the external

mechanical load (the equipment being powered) rather than the drum, creating a rotational

velocity mismatch. This mismatch induces shear stress in the intermediate layers—insulation

and jacket—as the outer surface tries to rotate while the inner conductors rotate at a different

rate.

For example, consider a transfer car cable wound on a motorized reel rotating at 10 RPM with

1.0-meter radius. The outer cable surface moves at rotational velocity corresponding to 10

revolutions per minute, but the inner conductors experience coupling to the transfer car

motor that may be rotating the load at a different velocity (or even remain stationary during

acceleration phases). This rotational velocity gradient induces shear stress that attempts to

rotate the outer jacket relative to the inner conductors. If the cable lacks proper anti-torsion

architecture, this shear stress causes progressive rubber deformation, leading to visible

cracks at the jacket surface after several months of operation. These initial micro-cracks

propagate under continued flexing until the jacket tears catastrophically, exposing

conductors to the environment and creating immediate short-circuit hazards.

How the Kevlar Braid Prevents Failure: The solution is deceptively simple but requires

sophisticated vulcanization engineering. The Kevlar or high-modulus polyester braid runs

helically through the cable at approximately 45° angle, creating a pattern that mechanically

couples the outer jacket to the inner conductor layers. When rotational stress develops, the



braid transfers torsional force directly from the jacket to the conductor layers through its high

tensile modulus (approximately 100-150 GPa for Kevlar, compared to roughly 0.01 GPa for

rubber elastomer). This tensile modulus difference—approximately 10,000×—allows the braid

to arrest rotation with minimal deformation.

The engineering complexity lies in proper vulcanization: the braid must be tightly integrated

into the rubber or polyurethane jacket during extrusion and vulcanization, creating a

mechanical bond (not merely a loose overlaid component). Improperly vulcanized braid can

slip within the jacket material, defeating the entire anti-torsion function. Professional cable

manufacturers employ sophisticated extrusion and vulcanization processes ensuring

complete braid integration. This integration is why cables from established manufacturers

command cost premiums and why bottom-tier suppliers attempting to cut costs often fail by

creating loosely-wrapped braids that provide inadequate protection.

Quantifying the Service Life Improvement: Testing confirms that properly-braided cables

can survive continuous ±25°/m torsional rotation (approximately 15-20 Hz rotation frequency)

indefinitely without visible jacket degradation. Equivalent cables without braiding typically fail

within 6-12 months of operation at identical rotation rates. The cost of adding Kevlar braid to a

cable (approximately 8-15% manufacturing cost increase) is recovered within 6 months when

compared to replacement costs and operational downtime from cable failure on critical

equipment.

7. Environmental Performance: Temperature, Ozone, Oil, and UV

Resilience

Choosing between rubber and polyurethane ultimately depends on matching the material's

environmental resistance profile to the specific deployment environment. This section

provides detailed environmental performance data to inform the selection decision.

Temperature Performance Comparison: Rubber and PUR exhibit distinct temperature

windows where performance is optimized. Standard rubber formulations (5GM5 neoprene

for reeling cables) maintain adequate mechanical properties and insulation integrity across

the temperature range -20°C to +70°C. At temperatures below -20°C, rubber becomes

increasingly brittle, with measurable stiffness increase and reduced flexibility. Above +70°C,

rubber begins exhibiting thermal stress, with accelerated aging manifesting as surface



hardening and loss of flexibility. In continuous operation above 70°C, rubber service life

accelerates degradation, reducing expected cable life from 7-8 years to 4-5 years.

Standard polyurethane formulations operate adequately across -15°C to +80°C. Below -15°C,

PUR becomes noticeably stiff, and below -25°C genuinely brittle. Above +80°C, PUR exhibits

softening, with Shore A hardness dropping measurably. For arctic mining operations (regular

operation below -25°C) or tropical environments (sustained operation above 70°C), material

selection must account for temperature extremes. Arctic climates favor rubber; tropical high-

temperature environments show no clear advantage (both materials present trade-offs,

though proper formulation selection can optimize either material for specific temperature

ranges).

Ozone Resistance and Outdoor Durability: Seaport and outdoor mining environments

generate significant ozone through arc plasma from electrical equipment and UV

photochemistry from intense solar radiation. Ozone attacks rubber and elastomer materials

through oxidative reactions, causing surface cracking and progressive strength loss. Testing

(ASTM D1149 accelerated ozone aging) shows that standard 5GM5 rubber formulations

tolerate 10,000+ hours of accelerated aging (roughly equivalent to 5-7 years continuous

outdoor tropical exposure), while standard PUR tolerates approximately 5,000 hours (3-4

years equivalent). For outdoor seaport deployment, rubber specification is preferred; PUR

can be specified with enhanced UV-protective additives, increasing cost approximately 8-

12% but achieving parity with rubber ozone tolerance.

Oil Immersion and Chemical Resistance: Equipment in ports and mines inevitably

experiences hydraulic oil contamination from machinery. Testing (ASTM D471 mineral oil

immersion at 70°C for 72 hours) shows rubber cable exhibits approximately 5-10% volume

swell and 15-20% tensile strength reduction. The same PUR cable exhibits <2% swell and <5%

strength reduction. This difference is dramatic and definitively favors PUR for oil-exposure

environments. For equipment with regular hydraulic fluid contact, PUR specification prevents

accelerated aging from chemical exposure.

Table 3 — Environmental Resilience: Rubber vs. PUR Performance Summary

ENVIRONMENTAL FACTOR | 环境因素 RUBBER (5GM5) POLYURETHANE (PUR) SELECTION IMPL

Temperature Range (continuous) -20°C to +70°C -15°C to +80°C Rubber for cold c

PUR for hot

environments



ENVIRONMENTAL FACTOR | 环境因素 RUBBER (5GM5) POLYURETHANE (PUR) SELECTION IMPL

Temperature Extremes -40°C (arctic

blend available)

-30°C (requires arctic

spec)

Rubber more rob

extreme cold wit

special cost

Ozone Resistance (outdoor) 10,000+ hours

ASTM D1149

5,000-7,000 hours

(with UV additives)

Rubber superior 

seaport/outdoor

requires upcharg

Oil Immersion (72h @ 70°C) 5-10% swell; 15-

20% strength

loss

<2% swell; <5%

strength loss

PUR decisively su

for hydraulic oil

environments

UV Radiation Tolerance 10,000+ hours

outdoor

5,000-8,000 hours

(needs UV additives)

Rubber better fo

intense UV; PUR

adequate with sp

additives

Flame Retardancy (inherent) V-0 (standard) HB-V1 (requires

additives for V-0)

Rubber preferred

enclosed/indoor

requiring flame-

resistance

Abrasion Resistance Standard Superior (2-3× better) PUR for high-abr

environments (sc

yards mining)

8. Real-World Application Profiles: STS Cranes, RTG Systems,

Transfer Cars, and Grab Buckets

Abstract material properties become concrete engineering decisions when applied to

specific equipment. This section maps material selection to real-world deployment

scenarios.

Ship-to-Shore (STS) Crane Installation Profile: A typical STS crane deployed at a European

seaport operates with two 6.6kV main power cables plus multiple 0.6/1kV auxiliary circuits

(transfer car cables, grab bucket hoist cables, hoist brake control cables, slew motor cables,

and control signal circuits). The installation environment combines marine spray (high

salinity, ozone-generating saltwater oxidation), intense UV radiation from constant outdoor

exposure, and temperature range 0°C winter to 35°C summer. For this profile, rubber

specification is optimal: the 0.6/1kV cables should specify NSHTÖU polychloroprene (5GM5)

jacket with standard formulation (not requiring arctic additives because winter temperatures



don't reach extreme cold). Cost comparison: NSHTÖU rubber cables at approximately €1.80-

2.20 per meter versus PUR alternatives at €1.60-2.00 per meter. The 10-20% cost premium

for rubber is justified by superior ozone and temperature resilience delivering 7-8 year service

life versus 5-6 years for PUR.

Rubber-Tired Gantry (RTG) Crane in Indoor Warehouse: An RTG crane operating in a

climate-controlled indoor automated warehouse operates at stable 15-25°C temperature, 40-

60% relative humidity, and zero outdoor UV exposure. The cable encounters minimal ozone,

oil contact is limited to spill incidents, and abrasion is limited to contact with smooth metal

cable guides and pulleys. For this profile, PUR specification is optimal: the compact size (8-10

mm diameter versus rubber's 10-12 mm) reduces physical footprint on already space-

constrained equipment, and superior abrasion resistance protects against the inevitably

occasional sharp contact. Cost comparison: PUR cables at approximately €1.60-1.90 per

meter versus rubber alternatives at €1.80-2.20 per meter. The 10-15% cost savings plus the

service life advantage (PUR's 2 million bend cycle rating handles 200+ daily lifts over 8-10

years) make PUR the economical choice. Additionally, PUR's lower weight (15-20% lighter

than rubber) reduces installation labor and strain on reel equipment.

Transfer Car Cable (Port Terminal): Transfer cars move containers laterally across the port

terminal, traveling 50-200 meters per day through sand-contaminated (abrasive)

environments with inevitable contact to saltwater puddles and ozone-rich seaport air. The

cable experiences sustained tensile loading (from the car's traction motors pulling 5-20 ton

loads) and moderate flexing as the car navigates curves and ramps. The environment

demands material resilience to abrasion (from contact with terminal dust and sand) and

oil/seawater exposure. For transfer car cables, either rubber or PUR can be specified, but with

material-specific selections based on actual deployment conditions. If the transfer car

operates in a relatively clean covered facility (enclosed transfer car tunnel), PUR specification

is preferred for its abrasion resistance and lighter weight. If the transfer car operates in

outdoor exposed conditions with high salt spray, rubber specification is preferred for ozone

tolerance.

Grab Bucket Control Cable (Outdoor Seaport): Grab bucket cables power solenoid valves

controlling bucket opening/closing, hoist brake release, and auxiliary control systems. These

are typically 0.6/1kV control cables (3-5 conductors) subjected to repeated rapid

acceleration/deceleration cycles (50-100 grabs per hour) creating dynamic mechanical

shock. The cable routes from the crane superstructure down to the grab bucket mechanism,

passing through external air exposure (saltwater spray, ozone, intense UV) and occasional



contact with the grab bucket metal surfaces (abrasion risk). For this profile, rubber

specification is mandatory: the ozone and UV resilience ensure reliable operation across the

extreme environmental exposure. The mechanical shock from rapid acceleration is handled

by both rubber and PUR equally well (anti-torsion braiding addresses torsional shock), but

rubber's superior environmental tolerance and inherent flame-retardancy justify

specification despite slightly higher cost.

9. Decision Matrix: Selecting the Right Material for Your Specific

Operational Environment

The material selection decision can be organized into a practical decision framework: identify

your deployment environment's key characteristics, match those characteristics to material

performance requirements, and select accordingly. This section provides a systematic

approach.

Environmental Exposure Assessment: Begin by characterizing your specific installation

environment across five dimensions: temperature (what is the range from minimum winter to

maximum summer operating temperature?), outdoor exposure (will the cable experience

direct sunlight and weather, or is it sheltered indoors?), chemical exposure (will the cable

contact oils, solvents, or other chemicals?), abrasion risk (will the cable drag against rough

surfaces or sharp objects?), and flame-hazard environment (is the cable run through

confined spaces where fire propagation is a safety concern?).

Material Selection Logic: Use the following decision tree: If your installation is outdoor with

saltwater spray, intense UV, and temperature range below 0°C in winter—select rubber. If your

installation is outdoor with intense UV but temperature stays above 5°C in coldest winter

conditions—select rubber with UV-protection additives, or select PUR with UV-additives (cost

roughly equal). If your installation is indoor with no outdoor exposure and high abrasion risk

(scrap yards, foundries)—select PUR. If your installation is indoor automation with minimal

abrasion and controlled temperature (15-30°C)—select PUR for cost and space efficiency. If

your installation involves frequent oil contact or hydraulic fluid splash—select PUR without

hesitation. If your installation is a confined space requiring inherent flame-retardancy

(underground cable tunnels, explosive atmosphere proximity)—select rubber.

Combined Environmental Scoring: For installations with multiple environmental stressors,

consider a weighted scoring approach: assign points based on environmental severity (0 =



not a factor, 1 = minor, 2 = moderate, 3 = severe). Score your installation on each material's

strength areas (rubber on ozone/UV/flame-retardancy/temperature extremes; PUR on

abrasion/oil-resistance/compact-design). The material with higher total environmental

match score is preferred. For example: a transfer car operated in an outdoor seaport terminal

scores: ozone exposure (severe, 3 points rubber advantage), temperature range (moderate, 1

point rubber), abrasion exposure (moderate, 2 points PUR), outdoor UV (severe, 3 points

rubber). Total rubber advantages: 7 points; total PUR advantages: 2 points. Rubber

specification is recommended.

10. Mechanical Stress and Tensile Capacity: Sizing for Continuous

Duty

Material selection must account not only for environmental resilience but also for mechanical

stress handling. The cable's conductor gauge (and hence overall diameter and weight) must

support the maximum pulling force the application will impose without causing permanent

conductor deformation.

Tensile Force Calculation: Determine the maximum pulling force your cable will experience.

For transfer cars, this is typically the motor torque converted to linear pulling force: F = motor

torque / wheel radius. For grab buckets, this is the suspended load force during raising under

maximum dynamic acceleration. For auxiliary brake cables, this might be surprisingly low

(mere tens of newtons). However, do not ignore shock loads: grab bucket deceleration shock

during material impact can momentarily create 3-5× the steady-state load. For safety

calculations, multiply your steady-state maximum load by 1.5-2.0× to account for transient

shock loads.

Material-Specific Tensile Capacity: VDE standards specify different maximum safe working

stress for rubber and PUR: rubber cables are rated 12-15 N/mm² (maximum safe working

stress applied to total conductor cross-section), while PUR cables are rated 20-25 N/mm².

For a rubber cable with 3×2.5 mm² conductors plus earth conductor (total approximately 10

mm² copper), maximum safe pulling force = 10 × 15 = 150 N (approximately 15 kg-force). The

same conductor configuration in PUR specification yields maximum force = 10 × 25 = 250 N

(approximately 25 kg-force). This significant difference (66% higher capacity for PUR)

explains why PUR is preferred for high-mechanical-stress transfer car and dragline

applications.



Practical Sizing Example: A transfer car powered by a 5 kW traction motor operating at 400V

three-phase, driving through a 100:1 gearbox with 0.3-meter wheel radius, produces torque =

(5000 W / 376 rad/s) = 13.3 N·m at motor, or 1,330 N·m at the 100:1 gearbox output. Linear

pulling force = 1,330 N·m / 0.3 m = 4,433 N. Adding 1.5× shock factor = 6,650 N maximum

pulling force. For rubber cables, to stay below the 15 N/mm² safe limit, required conductor

cross-section = 6,650 N / 15 N/mm² = 443 mm². This is enormous (equivalent to 4×110 mm²

conductors), making rubber impractical for this application. For PUR cables with 25 N/mm²

allowance, required cross-section = 6,650 N / 25 N/mm² = 266 mm² (equivalent to 3×50 +

earth, or similar configuration), which is practical and economical. This example

demonstrates why high-mechanical-stress applications typically specify PUR despite other

advantages of rubber in some environments.

11. Cost-Benefit Analysis: Rubber vs. PUR Lifecycle Economics

Final material selection must weigh environmental and mechanical performance against total

cost of ownership across the cable's full service life.

Material Cost Comparison: At baseline specification (both materials, equivalent VDE

compliance, equal conductor sizing), polyurethane cables typically cost 5-10% less than

rubber equivalents when sourced from quality manufacturers. A 3×2.5 mm² 0.6/1kV control

cable costs approximately €1.80-2.00 per meter in PUR, compared to €1.90-2.20 per meter in

rubber. For a 500-meter installation, total material cost difference is approximately €500-

2,000, favoring PUR. However, this cost difference is misleading because it ignores service life

trade-offs and replacement costs.

Service Life and Replacement Cost: In outdoor seaport environments, rubber cables

typically deliver 7-8 year service life, while PUR cables in the same environment (without

specialized UV/ozone additives) deliver 5-6 years, reducing service life by 20-30%. The cost of

cable replacement (labor to remove old cable, new cable material, installation labor) ranges

from €800-1,500 per kilometer depending on installation complexity. A 1 kilometer cable

requiring replacement after 5-6 years (PUR) versus 7-8 years (rubber) represents €800-1,500

in additional replacement cost. This cost exceeds the material cost savings achieved by PUR

specification, making rubber the more economical choice over a 10-15 year facility

operational horizon.



Operational Downtime Cost: If cable failure causes unexpected equipment shutdown, the

operational cost typically dwarfs material and labor costs. A single hour of STS crane

downtime in a container port prevents 40-50 containers from loading/unloading,

corresponding to approximately €2,000-5,000 direct operational loss. Specifying higher-

reliability cable (rubber in seaport environments) that extends service life and reduces failure

risk is justified purely by downtime prevention value, independent of material cost

comparison.

Simplified Lifecycle Cost Framework: Calculate total cost of ownership (TCO) as: TCO =

material cost + installation labor cost + (expected replacements over equipment life ×

replacement cost) + (expected downtime hours × operational loss per hour). In most real-

world scenarios, environmental match (selecting the material optimized for the deployment

environment) dominates TCO calculation, making material cost differences (5-10%)

negligible. Select based on environmental fitness first; cost difference is secondary.

12. Drop-In Replacement Compatibility: Installing VDE Equivalents

on Existing Equipment

A critical advantage of proper VDE specification is mechanical and electrical

interchangeability. When replacement cable is required due to service life expiration or

damage, properly-engineered equivalents can be installed on existing motorized reels and

equipment without modification or recalibration.

Dimensional Compatibility: Motorized reels are engineered for specific cable outer diameter

ranges. A reel designed for 8-10 mm cable cannot accommodate 11-13 mm alternatives

without binding or excessive slack. VDE-compliant 0.6/1kV cables with identical conductor

configuration (3×2.5 mm², for example) adhere to standardized outer diameter specifications:

approximately 8-10 mm for standard configurations. This tight tolerance (±0.5 mm variation

across manufacturers) ensures seamless installation of equivalent cables from different

manufacturers without reel adjustment.

Ampacity Confirmation: The replacement cable's rated ampacity must equal or exceed the

original cable's specification. A cable rated 25A can substitute for one originally rated at 20A

(ampacity margin improves), but substituting an 18A cable where 20A was original creates

overheating risk. Maintenance teams should confirm ampacity documentation before

installation to ensure thermal compatibility with the original equipment design.



Braid Integration Verification: The critical hidden element is anti-torsion braid integration.

When specifying replacement cable, explicitly require confirmation that the braid is properly

vulcanized and integrated into the jacket (not merely wrapped loosely). Request third-party

inspection documentation confirming braid integration quality, as this single feature

determines whether the replacement cable will deliver full service life or fail prematurely.

13. Procurement Strategy: Securing Factory-Direct Supply Without

Parallel Import Delays

Sourcing reliable 0.6/1kV reeling cable in today's global supply environment requires strategic

planning to avoid long lead times and premium pricing characteristic of traditional European

brand procurement.

Traditional European Brand Lead Times: Premium European manufacturers (Prysmian,

Nexans, Lapp Group) maintain extensive distribution networks but typically require 8-12 week

lead times from specification confirmation to shipment. For rush projects, expedite charges

(15-25% cost premium) accelerate delivery to 4-6 weeks but reduce cable testing and quality

assurance. These long lead times and expedite premiums create significant project risk and

cost burden.

Factory-Direct Alternative Sourcing: Quality manufacturers in Asia (including Anhui Feichun

Special Cable) are increasingly capable of manufacturing VDE-compliant 0.6/1kV cables to

identical performance specifications as premium European brands, at 20-30% cost reduction

and 10-12 week lead times competitive with European sourcing. The key is selecting

manufacturers with established VDE certification, third-party inspection capabilities, and

documented quality systems.

Quality Assurance in Alternative Sourcing: When transitioning from established European

brands to factory-direct Asian sourcing, implement rigorous quality verification: obtain

current VDE certification documents (confirming compliance with DIN VDE 0250-814 or

0250-818), require factory test reports on production samples (high-voltage withstand

testing at 3.5 kV AC for 5 minutes, tensile strength verification, bend fatigue testing), and

specify third-party independent testing if budget permits. Reputable manufacturers provide

comprehensive documentation; cables lacking supporting documentation should be

declined regardless of pricing advantage.



Lead Time Planning for Projects: Incorporate 12-16 week procurement lead time into project

schedules. Attempt to compress lead times by more than 2-4 weeks typically results in

expedite premiums or quality shortcuts. Early project planning (cable specifications finalized

16+ weeks before installation) enables economy sourcing without stress or compromise.

14. Conclusion: Making the Material Selection Decision

The choice between polychloroprene rubber (NSHTÖU) and polyurethane (PUR) for 0.6/1kV

reeling cable applications represents a genuine engineering trade-off, not a simple "one is

better" decision. Rubber excels in harsh outdoor environments (seaports with marine spray,

mining operations with ozone exposure, extreme temperature climates) where

environmental resilience justifies modest cost premium and heavier weight. Polyurethane

excels in mechanically harsh indoor environments (scrap yards, foundries, high-speed

automated warehouses) where abrasion resistance and compact size deliver operational

advantages justifying specification despite environmental limitations.

The systematic approach presented in this guide—assessing deployment environment,

scoring material performance against that environment, confirming mechanical stress

capacity, calculating lifecycle cost, and verifying quality—transforms material selection from

vague "what do other people specify?" decision-making to data-driven engineering

specification. This approach ensures your 0.6/1kV reeling cable selection delivers optimal

reliability and cost performance for your specific operational context.

Feichun Special Cable manufactures both NSHTÖU rubber and PUR 0.6/1kV reeling cables

engineered to full VDE compliance, with anti-torsion braiding, fatigue-resistant EPR

insulation, and comprehensive quality documentation. Our technical team assists with

material selection guidance, equivalence verification, and supply chain coordination for port

and industrial automation operators globally.

References & Sources

DIN VDE 0250-814:2016, "Flexible cables – Part 814: Rubber insulation and rubber sheath, 0.6/1 kV," Verband

der Elektrotechnik Elektronik Informationstechnik.

[1]

DIN VDE 0250-818:2012, "Flexible cables – Part 818: Polyurethane sheath, 0.6/1 kV," Verband der

Elektrotechnik Elektronik Informationstechnik.

[2]

IEC 60228:2004, "Conductors of insulated cables," International Electrotechnical Commission.[3]
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