
In the following, we would like to provide a brief overview of the various systems. Each of 
these systems has advantages and disadvantages, so no general recommendation for every 
warehouse can be given.

End of the aisle safety 
features

Lift and traction cut-outs Aisle Safety Assistant Linde Navigation

Magnets x x

Bar codes x x x x

RFID x x x x

Linde RFID tags are especially small and can 
be installed very quickly and easily in the 
floor with a standard drilling machine. They 
work at a frequency that enables fast reading 
and writing on the tags. Even if the tags get 
wet, they are protected and retain their func-
tion. Together with the distance sensor locat-
ed on the load wheel, the truck knows its 
exact horizontal position. By driving over a 
RFID tag, the truck sets its new position. 

RFID

Compared to a RFID tag with barcode tech-
nology, no drilling of the floor is necessary. 
Linde barcodes are attached approximately 
50 cm above the floor on all rails. The truck 
scans the barcode and determines its posi-
tion in the storage area. The truck also has 
the same distance sensor as an RFID-
equipped truck with the redundant measure-
ment system. With every barcode, the truck’s 
new position is set. 

BARCODE

Table 9 - Systems for determining position

Figure 38 - Installation depth of RFID Tags

Figure 39 - Installation depth of Magnets
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ENERGY
VNA trucks must overcome a variety of challenges, including the need 
for high availability and cost-effectiveness. All VNA trucks in the 
warehouse are electrically driven. The energy technology should also 
be considered, because this has great influence on the investment and 
operating costs.

Intelligent Power Solutions
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Energy savings are of great importance when it comes to cost 
development. Also the CO2 footprint is becoming more relevant. 

Due to unpredictable energy costs and new legal requirements, 
warehouse operators will also have to pay more attention to 
energy efficiency in warehouse planning and management in the 
future to comply with the new energy saving regulations and 
remain competitive. 

Thanks to Linde’s modular construction system with a variety of 
millions of possibilities, every truck is optimized individually, also 
with respect to energy consumption. Linde’s consulting software uses 
defined cycles (VDI 3561) to calculate individual energy consumption 
for each truck and pallet throughput depending on parameters such 
as shift times, proportion of single or double play, dimensions of the 
load or shelves.

In order to permanently reduce the energy consumption to the 
known low level, the Linde VNA trucks have
→ �Regenerative braking and regenerative lowering leads to effective 

energy recovery
→ �Active energy management for low current flow
→ �Active battery management for low current peaks
→ �High-efficiency hydraulic systems

VNA trucks can be equipped with lead-acid as well as Li-ION batteries. 
Depending on the application Linde has the right energy for your 
specific need.

Lead-acid batteries are well known since decades in the market and 
have low investment costs. With the existing infrastructure, it can 
make sense to continue with lead acid. It can be said that if a 
customer drives a single shift and manages the day with one battery 
charge, lead acid should be the preferred option. If he has to change 
it, Lithium-ion batteries makes sence.

Li-ION technology is the state of the art, because of many reasons 
which should be considered: Linde Li-ION batteries offer fast 
charging, high energy efficiency, and a very long product service life, 
as well as zero maintenance and emissions (see figure 40).
Experts expect that in near future Lithium technology will be the 
standard in the market.

The Linde Li-ION technology was developed in close collaboration with 
battery manufacturers to achieve highest performance and safety. One 
key highlight regarding lifetime are minimum 2500 full charging cycles 
with at least 80 % residual capacity. In combination with higher battery 
efficiency, this guarantees altogether more usable capacity for the 
customer and his application. The system as a whole, consisting of 
truck, battery, and charger, is system harmonized. 

To identify the best solution for each customer, Linde has developed 
a calculator. This cosultancy tool, simulates the application of the 
customer in detail and provides the perfect combination of battery 
and charger for the application.

A rough overview of the benefits of Li-ION technology
Linde provides an energy consultancy tool which helps you to find 
the right battery and capacity for your application. Please ask your 
Linde sales person. 

ENERGY CONSUMPTION OF THE TRUCKS AVAILABLE BATTERY TYPES FOR VNA

Short, fast top-up charging
Battery can be charged during short breaks, 
resulting in higher truck availability.

Reduced emissions
No leaking of hazardous battery gases 
and acids.

Maintenance-free operation
No need to clean or fill with water.

No more battery replacement
Save time and costs as spare batteries 
and battery changing areas are no longer 
necessary.

Figure 40 - The key benefits of Li-ION technology
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Charging the Battery
In addition to parking the truck and charging a lead-acid battery for a 
longer period of time, it is possible to change the battery. In this 
case, the discharged battery is replaced with a fully charged lead-acid 
battery. After a couple of minutes, the truck is ready for further use. 
Linde offers battery replacement equipment for this purpose. The 
discharged battery can be charged in a separate space containing a 
Linde charging system fitting individual energy supply needs. This 
additional space needed in the form of a separate room needs to be 
considered in planning. 

One benefit of the Li-ION batteries is the intermediate charging. 
A second plug at the truck offers fast charging possibilities. As a rule 
of thumb it can be said that 10 minutes charging time result in 
60 minutes driving. Plugged in at the charger, the truck as well as the 
terminal and printers remain switched on. The Linde Li-ION charger 
communicates with the battery and prevents the truck from being 
moved during charging.

Charging Room Requirements
For the organization of charging stations and rooms, special safety 
requirements need to be considered. Depending on the technology 
and country different standards must be fulfilled.

THE VDMA provides a document on the homepage for dealing with 
Li-ION batteries. All other standards are defined in DIN EN 62483-3.

BATTERY CHARGING AND CONDITIONS OF CHARGING ROOMS
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Busbar systems are suitable for multi-shift operation or automated 
trucks with lead acid  batteries. By charging during operation, any im-
pairment to service life can be reduced to a minimum. In addition to 
the time saved, it is also possible to dispense with the charging space 
provided for lead-acid batteries. Due to the high level of investment 
required, busbar systems are less commonly used.

Functionality
During the guided operation, a current collector / arm automatically 
inserts into the conductor rail, which is attached to the racking shelf. 

This is usually mounted in the aisle on storage racks at a height of 
approximately 2 – 3 meters. The mobile battery charger attached to 
the truck now charges the battery while driving. Chargers are avail-
able in 48 V and 80 V versions.

Two systems, the “closed and open busbars”, have proven them-
selves on the market, and are mainly offered by Wampfler and Vahle 
(see table 10).

BUSBAR FOR ONBOARD CHARGING

Prerequisites for the Busbar
The quality of the floor must comply with the FEM standard described 
in the chapter “The Floor”. The deviating tolerances between busbar 
and busbar guidance and guidewire must be ± 5 mm. For the beams, 
a maximum deflection of 9 mm is allowed. A distribution box must 
be installed on the shelf between the customer’s power supply and 
the power supply of the busbar by means of cables and wires. For 
safety reasons, a residual current circuit breaker (RCCB) must be 
 installed. An RCCB is electrical wiring that interrupts the circuit when 
the  current is not balanced.

Closed busbar Open busbar

Functionality With the closed busbar, the current collector is guided 
through an entry funnel into the closed U-profile of 
the rail.

With the open system, contact by the collectors is on 
the front side of the busbar.

Characteristics Low contamination of the busbars
No loss of space within the aisle due to entry funnel
Optimum control of power collector at truck.

Low construction on the rack into the aisle.
Better access for visual maintenance and repair.

Investment Tends to be cheaper Tends to be more expensive

Table 10 - Comparison between closed and open busbar
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SPECIAL VNA 
SOLUTIONS
Hardly any narrow aisle warehouses are the same. Thanks to the modular design of the 
Linde VNA trucks, Linde offers the widest range of VNA trucks in the market. Over million 
K trucks can be ordered through the standard process.

Trucks in cold store applications are subject to one of the toughest 
 requirements. It is a great opportunity to show the strength of Linde 
VNA trucks. The Linde trucks can be operated in a continuous minus 
temperature range of down to -30 °C. In addition to special oils and 
greases, other components make the truck suitable for refrigerated 
warehouses.

The Linde cold store cabin guarantees a pleasant temperature in the 
workplace at outside temperatures of down to -30 °C. The cabin will 
be individually equipped for you with thermostatic heating, radio 
technology, emergency exit, and ventilation system. 

Considerations for cold store application
→  The truck must be dry before entering the cold store
→  Alternate operation (warm / cold / warm / cold) is not permitted
→  Batteries can be changed in the cold store
→  Li-ION technology is possible ex works when it is given, that the 

truck is charged in warmer areas (-20 °C – 0 °C) 
→  Cold storage trucks can only be used to a limited extent in the 

“normal” area
→  Maintenance intervals approximately every 500 operating hours
→  Reduced battery life (additional fan heaters, seat heaters, etc.)
→  Partially prolonged repair times due to the conditions of use must 

be considered

Of course, we deliver every truck in every color. But also, construc-
tional changes or concept changes are possible. It is one of the 
strengths of Linde Material Handling to find the perfect solution for 
your application. Many special solutions for VNA trucks have been 
delivered to our customers. A brief overview:

→  Different attachments, for example: clamps for goods traded as 
“white goods” or forks for double deep stacking

→  Trucks for EX protection zone 2
→  Guidance for different rackings, e.g.: mobile racking systems
→  Order Picker with more than 17 m picking height
→  Individual platforms and trolleys

COLD STORE APPLICATION CUSTOMIZED OPTIONS

Individual Truck Design for your Application
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STANDARDS

FLOOR

DIN EN 1045 Part 2 
Concrete, reinforced and 
prestressed concrete structures - 
Part 2: Concrete - Specification, 
properties, production and 
conformity

DIN EN 1081 
Resilient floor coverings - 
Determination of the electrical 
resistance

DIN EN 1045 Part 3 
Concrete, reinforced and 
prestressed concrete structures - 
Part 3: Execution of structures 

DIN EN 18560 Part 7
Floor screeds - Part 7: Heavy-
duty screeds (industrial screeds)

DIN 18202 
Tolerances in building 
construction - Buildings

FEM 4.103 - 1 and 10.2.14 - 1
Warehouse floors – Storage sys-
tem areas operated by Industrial 
Trucks –Tolerances, deformations, 
methods of measurement and 
additional requirements for VNA 
truck operation (once DIN 15185-1 
and VDMA directive)

RACKING

DIN EN 15512
Steel static storage systems - 
Adjustable pallet racking systems 
- Principles for structural design

DIN EN 15620 
Steel static storage systems - 
Adjustable pallet racking - 
Tolerances, deformations and 
clearances

DIN EN 15635 
Steel static storage systems - 
Application and maintenance of 
storage equipment

DIN EN 15629
Steel static storage systems - 
Specification of storage 
equipment

ISO 6292
Powered industrial trucks and 
tractors — Brake performance 
and component strength

VdS CEA 4001
Guidelines for sprinkler systems 
- Planning and installation

SAFETY

DIN 4102 Part 1–5
Fire behavior of building 
materials and components

DIN ISO 6292
Powered industrial trucks and 
tractors – Braking performance 
and component strength

DIN EN ISO 13849 Part 1 
Safety of machinery - Safety-
related parts of control systems -  
Part 1: General principles for 
design 

DIN EN ISO 1385	
Safety of machinery – Minimum 
gaps to avoid crushing of parts of 
the human body

DIN EN ISO 3691 Part 1
Industrial trucks – Safety require-
ments and verification – Self-
propelled industrial trucks, other 
than operatorless trucks, variable 
reach trucks and burden carrier 
trucks (ISO 36911: 2011, including 
Cor 1:2013)

DIN EN ISO 3691 Part 3
Industrial trucks – Safety require-
ments and verification - Addi-
tional requirements for trucks 
with elevating operator position 
and trucks specifically designed 
to travel with elevated loads

DIN EN ISO 3691 Part 6
Industrial trucks – Safety require-
ments and verification – Burden 
and personnel carriers (ISO 
36916: 2013

DIN 15185 Part 2
Industrial trucks – safety require-
ment – Part 2: Use in narrow 
aisles

ENERGY

DIN EN ISO 50001
Energy management systems - 
Requirements with instructions 
for use

VdS 2259 
Guidelines for damage preven-
tion - Battery charging systems 
for electric trucks

EN 16247
Energy audits – General, 
buildings, processes, transport

DIN EN 62483 Part 3
Intelligent transport systems - 
DATEX II data exchange 
specifications for traffic 
management and information 

VDMA Directive
Lithium-ion battery systems in 
industrial trucks

VDI 3561 Cycle times
Cycles for performance comparison 
and acceptance of industrial trucks

ASR A1.8 
Technical rules for workplaces - 
Traffic routes

ASR A2.3
Technical rules for workplaces - 
Escape routes and emergency 
exits, escape and rescue plan

DGUV Regulation 68 
Industrial trucks (formerly BGV 
D27)

DGUV Regulation 108-007 
Storage facilities and equipment 
(formerly BGR 234)

DGUV Regulation 208-030 
Use of industrial trucks in narrow 
aisles

Industrial Safety Regulation 
(BetrSichV)
Is the German implementation of 
the Work Equipment Usage 
Directive 2009/104/EC and 
regulates the provision of work 
equipment by the employer, the 
use of work equipment by 
employees at work and the 
operation of systems requiring 
monitoring in the context of 
occupational health and safety.

For Germany
Arbeitstättenverordnung 
(ArbStättV) Technische Regel für 
Arbeitsstätten (ASR A1.8 
– Verkehrswege)
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Linde Material Handling GmbH, a KION Group company, is a globally operating manu
facturer of forklift trucks and warehouse trucks, and a solutions and service provider for 
intralogistics. With a sales and service network that spans more than 100 countries, the 
company is represented in all major regions around the world. In the 2019 financial year, 
the Linde MH EMEA Operating Unit (Europe, Middle East, Africa) recorded a total revenue 
of roughly EUR 3.5 billion, with approximately 12,000 employees. Global sales of Linde 
trucks amounted to approximately 135,000 in 2019.
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