Detailed Principle and Operation Analysis of Stretch Film Vacuum Packing Machine
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I. Overview of Stretch Wrapping Machine Structure
Stretch wrapping machines primarily consist of two core components:

II. Detailed Structure of Stretch Wrapping Machine
The stretch wrapping machine is mainly composed of two core functional modules:

1. Thermoforming Module: This module is dedicated to processing flat, stretchable film. The film is heated by contacting a heating plate to enhance its plasticity. Subsequently, it is precisely stretched to conform to the mold shape using compressed air and vacuum devices.

2. Heat-Sealing and Packaging Module: After the top and bottom films converge, this module evacuates the air from between the films to create a vacuum environment. The top film then contacts the heat-sealing plate, whose heat causes the heat-seal layers of both films to melt. Finally, pressure is applied to ensure the top and bottom films bond seamlessly into a tight, integral unit, guaranteeing the package's air tightness.

Additionally, the stretch wrapping machine is equipped with other key structural elements such as the bottom film unwinding system, top film unwinding system, printed film registration mark tracking, date printing function, as well as transverse and longitudinal cutting knives, and conveying chains, which together constitute the complete machine structure.

III. Working Principle
After understanding the detailed structure, we further explore the working principle of the stretch wrapping machine. During operation, the machine first uses the thermoforming module to heat the film, enhancing its plasticity. Subsequently, compressed air and vacuum devices are utilized to precisely stretch the film to match the mold contour. Next, the top and bottom films converge in the heat-sealing and packaging module, where a vacuum environment is created by evacuating the air between them. Under the action of the heat-sealing plate, the heat-seal layers of the films melt, and pressure application ensures proper bonding, thus securing the package's air tightness. This entire process is accomplished through the coordinated action of the machine's multiple key structures, ensuring efficient and precise packaging.

1. Bottom Film Unwinding
The bottom film roll is mounted on the unwinding shaft. Clamps on the conveyor chain grip one edge of the bottom film. Through the chain's drive, the bottom film moves forward steadily and continuously. A tension control device is specifically equipped to ensure stable film tension during unwinding.

2. Thermoforming
When the bottom film reaches the area below the thermoforming plate, it first passes over a heating plate for pre-heating, followed by the thermoforming operation.

3. Top Film Unwinding
The top film is wound on an unwinding shaft. Guided via tension rollers, a registration mark tracking device, and guide rollers, it finally converges with the bottom film at the heat-sealing plate for sealing. A tension adjustment device is equipped at the unwinding point to ensure stable top film tension during operation.

4. Heat-Sealing Process
After the top and bottom films converge at the heat-sealing plate, the heat-sealing device first performs the sealing process. Subsequently, vacuum is applied to remove the air from between the upper and lower films, creating a favorable environment for the subsequent heat-sealing step. The heat-sealing plate then applies heat to the films, causing them to bond tightly under pressure, ensuring the finished product remains intact and leak-proof after leaving the heat-sealing plate.

5. Date Printing
Depending on actual requirements, different date printing methods can be selected. If ribbon printing is used, the device is typically located before the heat-sealing plate. If ink jet printing is used, the device is placed after the heat-sealing plate.

6. Cutting Process
After packaging is complete, the entire film web undergoes transverse and longitudinal cutting to ensure each product is precisely separated into individual units.

7. Sterilization Process
After packaging, the products need to enter a sterilization retort for necessary sterilization treatment to ensure product hygiene and safety.

Next, we explore the basic parameters related to the use of co-extruded stretch film.

1. The temperature for thermoforming is typically set within the range of 85-90°C. However, the specific value may need adjustment based on equipment differences and the desired forming effect.

2. To ensure adequate thickness at the four corners of the formed product, reduce leakage after packaging, and extend the shelf life of the internal product, it is recommended to use molds with rounded corners for thermoforming.

3. The temperature during the heat-sealing process is generally controlled within the range of 125-130°C, aiming to ensure seal strength. Simultaneously, the heat-sealing temperature should be kept as low as possible to prevent issues such as stretching deformation, shrinkage/wrinkling, sticking to the plate, or poor sealing during the process.

Next, we will explore other key parameters in the use of co-extruded stretch film, as well as potential issues and their countermeasures.

1. Bottom Film Slippage/Detachment
· Phenomenon: During thermoforming, the bottom film detaches from the chain clamps, fails to synchronize with the chain movement, thereby affecting proper product forming and packaging.

· Potential Causes:
· (1) The bottom film width is too narrow for the chain width.

· (2) Insufficient clamping force from the chain clamps.

· (3) Misalignment of the bottom film path, causing it to deviate from the chain centerline.

· Countermeasures:
· (1) Increase the slit width of the bottom film to ensure it matches the chain width.

· (2) Repair or replace the chain clamps to enhance their gripping capability.

· (3) Adjust the position of the bottom film to align its center with the chain centerline, ensuring correct travel.

2. Poor Thermoforming Effect
· Phenomenon: During the stretching process, the film ruptures or the formed quality is unsatisfactory.

· Potential Causes:
· (1) Insufficient heating capacity of the heating plate.

· (2) Improper heating temperature setting: excessively high temperature may cause the film to stick to the heating plate, increasing haze and causing local over-thinning; excessively low temperature prevents the film from reaching adequate stretching temperature, increasing the risk of rupture.

· (3) Improper control of forming depth; excessive depth may cause film rupture.

· Improvement Measures:
· (1) Check and repair the heating plate to ensure normal operation and adequate heating.

· (2) Adjust the heating plate temperature according to the film characteristics to keep it within the suitable range.

· (3) During the stretching process, operate reasonably based on the film thickness and required forming depth to ensure product quality and control production costs.

3. Unsatisfactory Heat Seal Quality
· Phenomenon: During or after the heat-sealing process (including post-sterilization), the top and bottom films separate or delaminate.

· Potential Causes:
· (1) The heat-sealing temperature is set too low to meet the requirement of the inner sealant layer material.

· (2) Incorrect orientation of the heat-sealable surface on one or both of the top and bottom films.

· Improvement Measures:
· (1) Appropriately increase the heat-sealing temperature to ensure it reaches the suitable level required by the inner sealant material, while taking care to avoid excessively high temperatures that could cause sticking to the plate or top film deformation.

· (2) Carefully adjust the orientation of the heat-sealable surface on one or both films to ensure they correctly correspond, guaranteeing an effective seal.

4. Air Inside Product Package
· Phenomenon: After heat-sealing is complete, air remains inside the product package.

· Potential Causes:
· (1) The top film width exceeds the heat-sealing plate width, blocking the plate's vacuum holes and preventing effective air evacuation.

· (2) Malfunction of the vacuum pump, affecting vacuum performance.

· (3) Blockage of the vacuum holes in the heat-sealing plate by foreign matter, hindering air extraction.

· (4) Poor heat seal quality, leading to leakage in some areas.

· (5) Misalignment of the top and bottom films during sealing, causing partial sealing failure.

· (6) Presence of pinholes in the bottom film formed during the stretching process, causing leakage.

· (7) Presence of inherent pinholes in the top film, also causing leakage.

· (8) Excessively high heat-sealing temperature potentially burning pinholes in the top film, causing leakage.

· (9) Gaps in the heat-sealing pad/gasket, compromising the seal.

· Solutions:
· (1) Adjust the top film width to ensure compatibility with the heat-sealing plate.

· (2) Repair the vacuum pump to ensure proper operation.

· (3) Clean the heat-sealing plate to remove any blockages from the vacuum holes.

· (4) Increase the heat-sealing temperature and compressed air pressure to improve seal quality.

· (5) Precisely adjust the positions of the top and bottom films to ensure accurate alignment and good sealing.

· (6) Optimize the bottom film stretching process to prevent pinhole formation.

· (7) Replace with high-quality top film to avoid leakage issues.

· (8) Lower the heat-sealing temperature as much as possible while ensuring seal quality to prevent burning the top film.

· (9) Adjust or replace the heat-sealing pad to ensure a complete, seamless sealing surface.

5. Wrinkling Issue
· Phenomenon: After packaging is complete, wrinkles appear on the film.

· Potential Causes:
· (1) Excessively high heat-sealing temperature causes excessive film heating, leading to shrinkage and wrinkles.

· (2) During machine stoppage, the top film remains in contact with the hot sealing plate for too long, absorbs excessive heat, and shrinks, causing wrinkles.

· (3) Pre-existing wrinkles on the film before heat-sealing.

· (4) Presence of foreign matter or damage on the heat-sealing plate affecting the seal.

· (5) Uneven heat-sealing pad causing non-uniform sealing pressure.

· Solutions:
· (1) Reduce the heat-sealing temperature to minimize film heating and prevent shrinkage.

· (2) Ensure continuous film operation during production, minimizing start-stop cycles to reduce heat exposure during stoppages.

· (3) For pre-existing wrinkles on the top film, implement strict quality control during its production. If wrinkles occur on the bottom film during stretching, reduce the stretching temperature, pre-heat time, and forming time, or clean any foreign matter/damage from the heating plate.

· (4) Clean foreign matter from the heat-sealing plate and repair/resurface it to ensure flatness.

· (5) Repair or replace the heat-sealing pad to ensure it is flat and gap-free, guaranteeing good sealing performance.

6. Flatness Issues
· Phenomenon: The product exhibits curling or wrinkling.

· Potential Causes:
· (1) Unbalanced design of the top and bottom film structures, leading to internal stress.

· (2) Unmatched tensions between the top and bottom films; unbalanced tension, especially excessive tension in one direction, can cause curling.

· (3) Improper stacking/arrangement of products during sterilization, causing mutual pressure leading to wrinkling, curling, and distortion.

· (4) The thermoforming mold shape does not sufficiently match the product shape, or the depth is inappropriate, causing stress in the stretched film that leads to curling and wrinkling.

· (5) Lack of sealing in non-product areas (flanges) weakens the bond between the films, unable to effectively counteract film stress.

· Solutions:
· (1) Design the top and bottom films with symmetrical structures to minimize stress from structural imbalance.

· (2) Ensure the tensions of the top and bottom films are matched and controlled within a moderate range to avoid curling due to tension imbalance.

· (3) During sterilization, ensure products are neatly arranged and avoid overcrowding or pressure.

· (4) The thermoforming mold should closely resemble the product shape, with a depth slightly greater than the product thickness, to minimize stress-induced curling and wrinkling.

· (5) Apply heat sealing to the non-product areas (flanges) to enhance the bond strength between the films, thereby counteracting the film stress

