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Contactless magnetic slider system: a new 
technology able to confront challenges in 
the fi eld of loading & unloading systems for 
pharmaceutical freeze-drying processes

To preserve integrity of the freeze-drying process and the 
product under full aseptic conditions



A  B  S  T  R  A  C  T
A huge step forward investigating new technologies in the field of loading & unloading systems 
for pharmaceutical freeze-drying processes allows not only to provide greater unprecedented 
levels of technical precision and robustness, but also actively contributes to maintain integrity of 
the freeze-drying process and product under full aseptic conditions and to ensure the maximum 
asepsis level in pharmaceutical production processes. The solution resolves the main issues which 
operators find on a day to day basis. By incorporating new frictionless magnetic drive technology, 
loading & unloading systems are able to minimize the presence of particles that comes from the 
mechanisms and electrical accessories, which are typically used in conventional systems, allows 
loading at maximum speed under cold shelf loading conditions, and in case of failure allows the 
system to run in manual mode to avoid opening the system and losing the production batch. A new 
development, under the Telstar Lyogistics Zero brand, integrates a cleanable and steam-sterilizable 
slider with no concealed parts which is moved by a contact-free magnetic drive mechanism 
which has achieved an exceptional improvement on cleanability and sterility. How this new 
technology works and what new challenges this sets out for the future is the purpose of this article.

High value products require the highest 
production standards

The manufacturing of pharmaceutical products 
requires sophisticated technical and production 
solutions that fulfil stringent quality, safety and 
production controls.

In the market of freeze drying equipment for 
the pharmaceutical industry, the demand for 
automatic loading and unloading systems is 
increasing. The design and manufacture of this 
type of equipment requires the ability to anticipate 
the issues operators face on a day to day basis and 
provide solutions to resolve common situations.

The main challenges an automatic loading 
and unloading system should solve are the 
compatibility with the GMP requirements, to be 
able to operate in the strictest aseptic conditions, 
to minimize by all means any potential risk of 
product contamination and particle generation 
as well as potential cross-contamination. But only 
meeting GMP requirements is not enough.

The productions processes are very strict and 
time is crucial to raise production compromises. 
Basically, the system needs to be fast. One of the 
interruptions that conventional systems have is 
cold shelf loading.
To lose a batch means losing time, supply time 
increases and of course, money and customer 
dissatisfaction will prevail. This is one of the 
important challenges that an automatic loading 
and unloading system has to manage. Be robust 
and in case of failure save the production without 
risking the operator’s safety. 

The need of loading pre-frozen products into 
the freeze dryer

The most common way to handle the filling 
and loading of products into a freeze-dryer is at 
controlled room temperature. Once the entire 
batch has been loaded the door is closed and the 
freezing step can start by reducing the shelves 
temperature to the desired freezing temperature.

The recent changes in parenteral drug 
developments ask for the necessity to load pre-
frozen products into the freeze dryer where 
shelves are colder than the room temperature, 
sometimes at work temperatures of minus 20 ºC 
and even minus 40ºC.

These cold loading temperatures usually cause 
issues such as condensation and even frost on the 
lyo shelves, creating an insulation layer between 
the product container and the shelf. Therefore this 
means there is no direct contact with the shelves, 
generating longer loading times and possible 
fallen vials due to the ice formation and longer 
freeze drying cycles, as the extra trapped water 
has had to go through the freeze drying process.
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There are several solutions which can be applied 
to solve this issue. One of them is to reduce the 
humidity percentage in the clean room by using 
human presence. Unfortunately this is not classed 
as ergonomically correct and it would also be 
uncomfortable for the people involved. Humidity 
can also be controlled working under isolators or 
low moisture cabinets, by working with positive 
pressure using gas nitrogen in the chamber. This 
will avoid cold air entering into the chamber, but 
also has a potential risk for the operators. 

 It is quite common to open and close the loading 
slot door to reduce the time that the air is coming 
inside the chamber, but this will increase the time 
to perform this process. 

The most efficient way to load vials onto 
precooled shelves is to place the filled vials at the 
loading position and transport them to the final 
shelf position as quickly as possible. This solution 
will save time because while some rows are being 
transported into the freeze dryer, other rows 
are being prepared to be loaded. The wireless 
solutions avoid the interference between the 
pusher that loads the rows until the end of the 
shelf and the new rows formed.

Integration with barrier systems, a clear and 
compact layout is beneficial

The treatment of the product conditions pre 
determines where the loading system is placed.

Depending on the product to be freeze dried, 
containment/aseptic technologies such as Laminar 
Airflow systems (LAF), aseptic/containment 
Isolators and Restricted access barrier systems 
(RABS) needs be integrated providing greater 
product, operator or environmental safety 
technology.

The complexity of the loading system determines 
the size and layout of the barrier system and the 
clean room layout required.

Most of the conventional systems use long front 
pushers to load and rear pushers to unload the 
batch. However, the presence of long pushers at 
the loading or unloading side will require bellows 
across the RABS and isolators walls to keep the 
sterility inside the containment.

An ideal solution is to have all the system inside 
the containment/aseptic technology; this also 
reduces the risk of leaks. In the same way, the 
absence of an unloading pusher will remove 

the bellows and pusher mechanism inside the 
chamber.

The wireless systems that are able to load and 
unload with the necessity of pushers or with the 
use of reduced front pushers are the solution to 
remove these critical accessories, the bellows. 

But not only are the bellows a disadvantage. It is 
common knowledge that during the production 
of a freeze-dried product (mostly for parenteral 
administration) the solution will need to be 
managed into a clean zone with minimal viable 
particles due to the continuous sweeping caused 
by air in laminar down flow. It protects the 
products from cross contamination from another 
processes. 

Design thoughts on GMP

The international ASME BPE defines a Process 
Contact Surface as “a surface under design 
operating conditions that is in contact with, 
or has the potential to be in contact with, raw 
materials, in-process materials, APIs, clean utilities 
(e.g., WFI, CIP, pure steam, process gases), or 
components (e.g., stoppers) and where there is a 
potential for the surface to affect product safety, 
quality, identity, strength, or purity.”

This stipulates that the equipment can be cleaned 
thoroughly and easily and components are 
constructed in stainless steel AISI 316L.
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The quality of the final product is reflected 
by the course of the process. Cleaning, 
sanitization and sterilization

Sterility testing of sterile pharmaceutical products 
is required by the Pharmacopoeias to determine 
acceptability of a production lot.

The majority of automatic loading and unloading 
systems are manually cleaned by the operator 
but this is a heavy labour. There is also a risk of 
something unwanted remaining in the system, 
depending on the ability and tools of the 
operator. By allowing the automatic cleaning and 
sterilization in place helps keep the quality to the 
highest standards and it also removes the hard 
work from the operator.

The main components treated as Process Contact 
Surface like load/unload bars, bridge plates and 
conveyors need to resist stressing fatigue and 
corrosion and be fully compatible with cleaning 
and sterilization products such as steam, hydrogen 
peroxide and other chemical products.

The correct solution is to build all components 
in stainless steel AISI 316L for better resistance 
to stress fatigue and corrosion and reduce the 
presence of components in the working area as 
much as possible.

Flexibility to handle different formats in the 
Pharmaceutical Industry

The Pharma industry requires protection for the 
most varied applications. An established market 
of different customized applications requires that 
the same freeze dryer works with different kind 
of formats. Especially when the pharma customer 
is a third party producer that requires a versatile 
system capable to adapt to the formats and layout 
to the project that it is executing.

One of the main challenges is the management of 
several formats such as vials, bulk trays and single-
use disposable containers within the same system. 
Unfortunately, for conventional systems it is not 
possible due to the system design configuration. 
However, by using slider systems, it makes it 

easier to work using the same installed unit (with 
minor adaptations) to handle different product 
formats, providing a large array of configurations 
which offers the management of several formats 
of production.

What happen if the system fails? Is there any 
robust failure mode?

There is no concern when systems and units are 
all working as they should be. But what happens 
if the system fails?

As with any mechanical system, the possibility of 
failure exists. The most important thing is how to 
solve the situation.

Typically, when a loading and unloading 
system fails, the mechanical intervention from 
a maintenance team is needed. When a push 
system by means of a pusher or belts fails, 
assistance is required to open the barrier system 
in order to make the intervention. This means the 
sterility of the system is broken and the batch is 
lost. In addition, the person will be in contact with 
the product, which is an important risk factor.

If there is battery failure in the case of autonomous 
systems the containment will have to be opened 
to replace the battery. Imagine in the case of 
failure mode that the system could be controlled 
from the outside of the containment, without the 
necessity to open it by manual movement and 
the system could be manipulated to rise to a 
certain position.

In fact, this is one of the main advantages of 
the incorporation of the innovative frictionless 
magnetic drive technology to vial loading and 
unloading systems.  The motors that move the 
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magnets screws are outside the sterile area and 
are capable to be moved by hand or replaced 
without breaking the sterility. This means, in case 
of failure, the load/unload of the production batch 
could be finished whilst keeping the integrity of 
the product.

Technical solution: The loading system based 
on magnetic lead screws

Magnetic Lead Screw: Difference from 
conventional Lead Screw

Pharmaceutical manufacturing processes guided 
by GMP require a great clean solution to move 
and position the loaded product linearly. The 
conventional lead screw could do it, however 
there is a contamination risk due to the contact 
between the screw and nut which generates 
particles and it normally uses grease to ease the 
movement. 

To avoid this issue, a solution based on magnetic 
lead has been studied and applied in order to 
transfer the force from the lead screw, without 
contact and avoiding the particle generation.

Principle

The following shows the structure of the Magnetic 
Lead Screw developed in the new system. It is 
composed of a Screw shaft and a Nut.  The Screw 
shaft is made of ferromagnetic steel and has 
screw threads with a certain pitch and shape. The 
Nut is made of Neodymium permanent magnet 
and is magnetized spirally with the same pitch 
as the screw threads of the Screw shaft. There is 
a yoke at the periphery of the Nut (magnets) in 
order to form a closed loop of magnetic circuit. 
The Screw shaft is supported by bearings at 
both ends to be rotatable. The Nut is supported 
by a guide mechanism so as not to rotate but 
to be movable on an axial direction. It is most 
stable when the magnetic poles of the Nut face 
to the screw threads of the Screw shaft. When 
the Screw shaft is rotated it generates a relative 
displacement between the magnetic poles and 
the screw threads. Next it generates a restoring 
force acting to return it to the stable position 
by magnetic coupling. Hereby the Nut moves 
linearly following the rotation of the Screw shaft.

Stable position of the  Magnetic Lead Screw

Restoring force by relative displacement

The relationship between restoring force and 
relative displacement is shown in the following 
figure.  According to the calculation a peak of 
the restoring force at relative displacement of 45 
degrees and a peak on the opposite direction at 
relative displacement of 135 degrees. There will 
be no restoring force at relative displacement 
of 0, 90 or 180 degrees. As a double threaded 
screw is used as the screw shaft, if the relative 
displacement reaches 180 degrees, a magnetic 
pole of Nut couples with the next thread of the 
Screw shaft. Therefore it is assumed that this 
will repeat with a cycle of 180 degrees. To use 
this mechanism for a transporting system it is 
important to consider that the peak is enough for 
thrust force of the transportation and the affection 
of rigidity to positioning accuracy. 

Relationship between generated force and relative 
displacement
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System Configuration

The magnetic frictionless slider system has the 
following configuration.

System configuration

As a conventional system, the loading and 
unloading system uses a conveyor belt to drive 
the containers until the loading position. Ones 
the containers are in the desired position, a front 
pusher place them over the bridge in a certain 
position where the magnetic slider can manage 
and take control of the containers.

The bridge works as mediation between the 
conveyor and shelf to transport vials. It can be 
separated in order to change the loading shelf 
and close the chamber slot door.

Once the slider takes control of the containers 
it moves from the bridge to the shelf. Inside the 
slider there is a nut of magnetic lead screw. The 
system has two sliding carts joined by means of a 
long bar crossing bridge or shelf, in order to pull 
or push vials.

The slider moves over the drive unit, which is 
composed of the screw shaft of the magnetic 
lead screw. The drive unit is placed on both sides 
of the shelf and bridge.

Design key points

Using the magnetic lead screw in the new system 
has proven the system to be more cleanable. It is 
important to remove any small grooves or holes 

from the system because it is difficult to clean and 
particles might remain in them. As there can be a 
gap between the screw shaft and nut, the screw 
shaft can be fully covered with a stainless steel 
pipe.

Magnetic Lead Screw in the system

The system provides steam sterilization and 
Clean In Place (CIP) of the slider inside chamber.  
The slider does not need any battery or wiring 
for control like a power or signal cable and it can 
stay in the chamber when the chamber door is 
closed. The slider is composed of such material 
as stainless steel and FDA approved plastic 
parts that have good temperature and corrosion 
resistance characteristics. Therefore the slider can 
sustain chemical cleaning and steam sterilization 
processes.

  Cleaning and Sterilization installation in chamber
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Conclusion

What is currently the most optimal solution to preserve the integrity of the freeze-drying process and 
product under full aseptic conditions in the field of loading & unloading systems for pharmaceutical 
freeze-drying processes? The new magnetic slider system has proven a reliable and efficient technologic 
solution to address all the mentioned challenges. The frictionless magnetic system allows cold shelf 
loading offering an efficient way to load vials onto precooled shelves without decreasing the loading 
speed and keeping a rate of up 600 vials/min by the magnetic carts.

In terms of integration with barrier systems the solution implemented using the magnetic slider reduces 
the front pusher length and removes the rear pusher. That makes the system compact which is reflected 
in the need for a smaller cleanroom layout, easy access and good visibility in the surrounding work area. 
This provides users with improved workability and flexibility of the overall layout.

By using the new reduced front pusher it allows the system to be inside the containment and reduces 
the risk of leaks. In the same way, the absence of the unloading pusher removes the bellows and pusher 
mechanism inside the chamber. The advantage is to be able to place all the mechanisms under the base 
plate inside the containment unit.

When using an aseptic system there is a significant 
improvement in having a high cleanability system by 
removing the bellows, sterilizing all parts going inside 
the freeze drying chamber. The system provides the 
slider steam Sterilization In Place (SIP) and Clean In 
Place (CIP) inside the chamber. 
Regarding the flexibility to handle different products 
and formats the solution gives a large array of 
configurations that allows management of several 
formats of production containers such as vials (row 
by row or allocated in trays with or without bottom), 
bulk trays, single-use disposable containers, nest for 
syringes or ampoules… and it allows link frames and 
trays without the necessity of pins or dedicated tools.

Finally, to highlight one of the advantages of the new 
magnetic lead screw system; The motors that move the magnets screws, are outside the sterile area, 
under the base plate, and it can be moved by hand or replaced without breaking the sterility. This means, 
in case of failure, the load/unload of the production batch could be finished keeping the integrity of the 
product.
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