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The landscape of modern industrial packaging has been fundamentally transformed by the evolution of Vertical 

Form Fill Seal (VFFS) technology. As global demand for packaged consumer goods, pharmaceuticals, and 

chemical products increases, the need for high-speed, high-precision, and highly reliable packaging systems has 

never been more critical. VFFS machines represent a pinnacle of engineering within the flexible packaging sector, 

providing a seamless transition from raw material (flexible film) to a finished, filled, and sealed product. At its core, 

VFFS automation is an intricate dance of mechanical precision, advanced thermodynamics, and high-speed motion 

control. This article provides an exhaustive technical analysis of VFFS automation, exploring the mechanics, 

software architectures like ospVFFS, and the strategic advantages of modernizing these systems for the

contemporary factory floor.

Understanding the VFFS Operational Framework

A Vertical Form Fill Seal machine is an automated assembly line system typically used to package liquids, solids,

and powders into bags. The operation starts with a large roll of film, transforms it into a bag, fills the bag with

product, and then seals it—all in a vertical orientation. This vertical approach is particularly efficient for granular

products or liquids that benefit from gravity-assisted filling. To achieve high throughput (often exceeding 100 bags

per minute), automation systems must synchronize multiple axes of motion with millisecond precision.

The Four Core Functional Areas

To understand the automation requirements, one must first break down the VFFS machine into its functional sub-

systems:

•  Film Unwind and Tensioning: This area handles the raw packaging material. Automation here ensures that the 

film is released at a constant tension to prevent tearing or misalignment.

•  Forming and Vertical Sealing: The film is pulled over a forming tube (or collar) that shapes the flat film into a 

cylindrical tube. A vertical seal bar then bonds the edges of the film together.

•  Product Dosing and Filling: Integrated with weighers or volumetric fillers, this stage ensures the precise 

amount of product is dropped into the formed tube.

•  Horizontal Sealing and Cutting: The final stage involves sealing the top of the current bag and the bottom of 

the next, followed by a mechanical cut to separate the finished unit.

Technical Deep Dive: The Role of Servo and Motion Control

In legacy VFFS systems, mechanical cams and chains were used to synchronize movement. Modern automation 

has replaced these with Servo and Motion Controlsystems. The use of servos allows for independent control of

the pulling belts, the sealing jaws, and the film unwind, leading to significantly higher flexibility and reduced

mechanical wear.

Electronic Camming (E-Cam) and Synchronization

The heart of a high-performance VFFS machine is the electronic camming profile. This software-driven mechanism

replaces physical cams, allowing the machine to adjust its timing on the fly for different bag lengths or product



types. For instance, the horizontal sealing jaws must move in a precise parabolic velocity profile to ensure they

meet the film at the exact speed of the film's descent, perform the seal, and then retract without causing a jam.

Mathematical Model for Cycle Time Optimization

To calculate the theoretical maximum speed of a VFFS machine, engineers use several variables. The cycle time (

T_total) is the sum of the film feed time (T_feed), the dwell time for sealing (T_seal), and the mechanical delay (

T_delay). 

Formula: Bags Per Minute (BPM) = 60 / (T_feed + T_seal + T_delay)

Automation reduces T_delay through predictive algorithms and high-speed bus communications (such as EtherCAT 

or POWERLINK), while precision temperature control reduces T_sealby ensuring the sealing jaws reach optimal

thermal bonding temperatures faster and more consistently.

Automation Solutions: The ospVFFS Framework

A significant advancement in the industry is the introduction of "out-of-the-box" automation solutions like 

B&amp;R’s ospVFFS(Open Standard Packaging VFFS). This software solution provides a configurable and

scalable platform that reduces time-to-market for machine builders. Instead of writing custom code for every

machine, engineers can configure pre-built modules for:

•  Registration mark detection (ensuring the print is centered on the bag).

•  Temperature control loops (PID algorithms for heaters).

•  Web tension control (maintaining film integrity).

•  HMI (Human Machine Interface) templates for operator control.

The ospVFFS Book and similar technical documentations highlight that these systems are Industrial IoT (IIoT) 

ready, allowing for remote diagnostics and real-time OEE (Overall Equipment Effectiveness) tracking. This is vital

for the food industry, where traceability and standardization are mandatory.

VFFS vs. Fill-Seal (FS) Comparison

When selecting a packaging strategy, manufacturers often weigh VFFS against Fill-Seal (FS) machines. While they

sound similar, their mechanical architecture and automation needs differ significantly.



Feature Vertical Form Fill Seal (VFFS) Fill-Seal (FS)

Packaging Input Roll of flat film (cheaper material) Pre-made bags or pouches

Initial Investment Moderate to High Lower (simpler mechanics)

Operating Speed Very High (up to 200+ BPM) Moderate (limited by bag handling)

Flexibility High (can change bag length easily) Lower (fixed bag sizes)

Footprint Vertical (Saves floor space) Horizontal (Requires more space)

Advanced Engineering: Intermittent vs. Continuous Motion

Automation logic changes drastically depending on whether the machine operates in intermittent or continuous

motion.

Intermittent Motion VFFS

In an intermittent machine, the film stops moving while the horizontal sealing jaws close. This is simpler to 

automate but limits the maximum speed because of the constant acceleration and deceleration of the film. The 

automation must focus on High-Torque Start/Stopsequences and vibration dampening to prevent the product

from shifting inside the tube during the stop phase.

Continuous Motion VFFS

In continuous motion, the film never stops. The sealing jaws move both horizontally (to seal) and vertically (to follow 

the film). This requires a complex 4-Axis Coordinationstrategy. The automation system must calculate a "Flying

Saw" or "Sync" profile where the jaws match the film speed perfectly. This approach allows for speeds exceeding

150-200 bags per minute, making it the gold standard for high-volume snack or candy packaging.

The Critical Importance of Retrofitting and Modernization

As noted in industry studies, the complexity of the food industry—including food safety and traceability—is driving a 

massive wave of automation retrofits. Older VFFS machines often suffer from "black box" controllers that are no

longer supported or lack the data connectivity required for modern ERP integration.

Benefits of Retrofitting Legacy VFFS Machines

1.  Improved Accuracy: Replacing old pneumatic cylinders with electric servos increases filling accuracy by up 

to 0.5%, which, over millions of bags, saves significant product costs.

2.  Safety and Compliance: Modern controllers include integrated safety (Safe Torque Off) and meet current 

hygienic standards (IP69K ratings for washdown environments).

3.  Waste Reduction: Precision tension control and mark detection reduce film waste during startup and 

changeovers.

4.  Data Insights: Retrofitted machines can feed data into a central cloud, allowing managers to see downtime 

causes in real-time.

Troubleshooting Common VFFS Operational Failures

Even the most advanced automation can encounter issues. A technical writer and engineer must understand the



interplay between mechanics and software to solve these.



Issue Probable Cause Automation/Technical Solution

Wrinkled Seals Uneven film tension or jaw 
misalignment

Adjust electronic brake tension or 
recalibrate servo homing

Burned Film PID loop overshoot or dwell time too 
long

Tune PID parameters or optimize 
sealing velocity profile

Incorrect Bag Length Slip in pulling belts or sensor failure Implement registration mark 
compensation logic (I-Mark)

Product in Seal Timing mismatch between filler and 
sealer

Adjust the 'filling delay' parameter in 
the HMI

The Future: AI and Machine Learning in VFFS

Looking ahead, the next generation of VFFS automation will move beyond static configuration into Self-Optimizing 

Systems. By utilizing Machine Learning (ML) algorithms, the machine can monitor vibration patterns in the motors

to predict a bearing failure before it happens (Predictive Maintenance). Furthermore, vision systems integrated into

the automation loop can inspect every single seal for integrity, automatically rejecting defective bags and adjusting

sealing temperatures in real-time if a trend of weak seals is detected.

The shift toward software-centric machine design, where hardware is standardized and the "intelligence" resides

in the software layer (like the ospVFFS approach), allows manufacturers to be more agile. Whether packaging 10

grams of spice or 10 kilograms of pet food, the ability to rapidly reconfigure motion profiles via an HMI makes the

modern VFFS machine a versatile asset in any production facility.

Ultimately, the automation of VFFS machines is not just about speed; it is about the convergence of precision

engineering, data connectivity, and operational reliability. As we move further into the era of Industry 4.0, these

machines will continue to serve as a vital link in the global supply chain, ensuring that products are delivered safely,

efficiently, and with minimal environmental impact through the optimization of flexible packaging materials.
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