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Technologies employed for the making of baby and adult incontinence products have come a long way since diapers were made available to an ever increasing number of consumers about 50 years ago. Particularly the materials of which such products are made changed a lot: Absorbent cores matured from the early days’ tissue layers over airfelt based cores to current high concentration SAP containing structures. Chassis materials became more functional - skin friendly top sheets with open surface structures replaced standard nonwoven top sheets, back sheets were made breathable and aesthetically pleasing, elastic elements along the legs and around the waist were incorporated for better fit, and fastening systems went from needles to tapes and later to hook and loop based designs. Whilst the overall amount of materials has been reduced, the diapers of today are made of many more different – and more sophisticated – materials than those in the earlier days. Many of these materials are introduced as discrete pieces, often shaped for fit reasons, often profiled for performance and cost reasons, often rotated for optimum orientation in the product. Some components of a diaper are treated and modified on line, such as by ring-rolling or pleating. Others are combined at high speeds without use of glue, simply by introducing heat and pressure.

Obviously, many of these design and material changes required major new developments on the process and equipment end. Web handling systems became more sophisticated, capable of handling webs of thinner and less stiff materials. New methods for the shaping and handling of discrete pieces of flimsy materials were developed. New folding and combining technologies came along, and sophisticated fibre and particle mixing technologies were developed. Further, higher line speeds were attained by means of state of the art drive and controls technologies. 

Some of the changes have been classified “revolutionary” – and no doubt, that in addition to the many, many optimisations some of the developments were step change improvements for the particular system. Where, however, has been a “revolutionary diaper design”, and the overall break through to jump out of the present design and manufacturing restrictions and paradigms? 

Let’s step back for a moment, and look at the base functionality of the product, the technologies to fulfil these functions and the ones to make it. Essentially, the product has to capture and to retain bodily exudates, especially urine and faeces – at minimized negative impacts on the wearer. This is achieved by an absorptive product fitting the lower part of a human torso of baby or adult size – a complex geometric region aggravated by the dynamics of movements. However, the technology to make it is by combing various flat webs and strands of materials, or material pieces, to an essentially flat end product. 

Manufacturers of underwear certainly know, that a well fitting product is three-dimensional, because it is to fit a body consisting of several three dimensional elements Current absorbent pants or diapers however, extend in two dimensions only (excluding the attempts of including humps or bulges). Following up the recently published concept of three dimensional “Body Conforming Articles” (see NWI October 2008), it is the intention of this article to complement the product aspects by a new method to assemble such products. This new 3D product assembling technology avoids material waste by design – it has the potential to utilize 100% of the material fed into the production line.

Compared to current technologies it works with simpler materials, and uses less of them.

3D Products – What’s the Issue?

The “three dimensionality” of the lower torso is in fact a challenge for pants and diaper product designers: Three “body parts”, namely the lower torso and the upper areas of the legs, each of them extending in three dimensions and essentially formed like cylinders or parts thereof, join right in the area where a diaper product is to fit. Each of these “body parts” by itself could be perfectly wrapped with a two-dimensional piece of material, but it is simply impossible to achieve a good fit by wrapping the “assembled lower torso” with such a single 2D piece.
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Picture 1 shows how the cylindrical parts intersect: A curved line forms where two parts (lower torso and a leg) join (see arrows in pict. 1). The picture also shows that in wrapping the lower torso, the legs are just “pushing the wrap towards the centre”. In order to cover such a complex region without major folds or crumpling, the product must take a 3D-shape on the wearer. 

The Making of 3D Products

The 3D-shape on the wearer has, however, the implication, that it either requires a 3D manufacturing approach, or a 2D assembly in such a way, that the true 3D shape unfolds upon donning of the article. 

1. In the first approach for making 3D pants or diapers, the product is formed by 2D pieces around an assembly head that mimics the lower human torso. 

The product is assembled piece by piece around the assembly head, neighbouring pieces get connected together. All pieces are essentially flat on the assembly head. Some of the pieces at the intersection lines between leg and torso – after being combined with other pieces – form a “Y” – shaped section of the product.

This approach allows extreme flexibility for designs, but has a certain complexity tag (see e.g. patent publication WO28037281)

2. The 3D product is assembled in flat state, assuming a 3D shape upon donning of the product. 

This technology is significantly simpler than alternative 1, as the examples below prove, and subject matter of this article. 

Assembling a 3D product in flat state means that some of the elements or pieces constituting the product need to be in folded condition, even if the product is still open along its side closure lines. 

Such assembling of 3D pants and diapers in flat state has recently been published in Pat.WO28121756 and WO28141658
The Base Assembly Step

Unlike current products, which are built of shaped and elasticized components to create a bowl-like shape to fit the lower crotch area, 3D products are assembled of essentially rectangular pieces in a way that they assume a 3D cup like shape without action of any elastics.
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Most conveniently, such products can be 

produced on conventional rotating drums or turrets. In a first step, a flat, unshaped, assembled centre piece web is put onto the surface of a rotating drum, of which one segment is shown in pict. 2. This web may hold a rectangular core between a top sheet and a back sheet. In a second step, two rectangular discrete leg hoop pieces, e.g. made of nonwoven, optionally elasticized, are attached to this centre web by means of curved glue or bond lines. Pict. 2 shows one of those pieces, and the respective bond line. There are also two rotatable vacuum operated pick-up plates shown in pict. 2.
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These pickup plates are now turned 180°, while their vacuum is switched on. After contacting the front and rear ends of the leg hoop pieces, the plates rotate instantaneously back, thereby flipping these front and rear ends such that they are oriented in an angle of around 90° to the centre piece.
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In a next step, a piece of side panel material is attached to the front and rear ends of the centre piece, and to the flipped 

out regions of the leg hoop pieces. The side panel material may be equipped with fasteners, like tape or hook type fasteners. Like the leg hoop pieces, the side panels may or may not be elastic. 
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The so combined web leaves the “assembly operation”, and can be further handled as open or closed product on conventional process units. 

When in use, such products wrap all parts of the lower human torso. They provide a gentle, flat seal around the legs – via the leg hoops. They provide a narrow, U-folded core in the crotch area that fits well between the legs while offering more storage area at the loading point than conventional products do.
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The product in pict. 6 features leg hoops, which, together with the side panels, form a leg/hip cover. 

There is a variation of this 3D diaper making technology available which can make a product with unitary leg/hip panels.

These panels can be of very different shapes, giving products with different side closure locations, as considered best for a specific product execution.

Making the 3D product with unitary leg/hip panels works as follows:

A U-shaped piece of material, cut from an optionally elasticized material web without any design related waste, is fed onto a drum holding a centre piece with core, back sheet, and top sheet.
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The mid section of the U-shaped piece is connected to the centre piece by means of a curved connecting line, while the outer sections are put onto vacuum operated hold down plates, as shown in pict. 7. 
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The plates make a 180° turn as indicated by the arrows, and reposition the outer sections of the leg/hip panel such that they can be connected to the front and rear ends of the centre piece.

Subsequently, the hold down plates may be retracted, and the assembled web is conveyed towards the next unit operation, e.g. a final folder.

One of many possible forms of such a product is shown below (pict. 9).
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The side pieces of this product come from two webs which have been formed by a meandering cut from a single web. The material is easy to elasticize, because the elastic strands can be fed in machine direction (pict. 10), but they work in cross direction when the product is in use.
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It is also possible to equip such 3D products with waist elastics (pict. 11), which are fed with the leg/hip panel material web. They are connected to this web after the meander-type cut for the U-shaped pieces has been done. (pict. 12)
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A completely new approach to produce 3D products uses what is known as “darting” in the textile industry. Different material layers forming the centre piece, the side panels, leg hoops and (if needed for wide bodies) side panel extensions are “stacked up” on each other, and connected along curved connecting lines (indicated by the red dot lines in pict. 13 below). This bonding technology uses a newly developed Ultrasonic Technology called HELIXBOND® that can make very soft, reliable bonds even through thick layers of material at high speeds.  When opened up for use, the products unfold, taking on a 3D shape that perfectly fits the lower portion of the human body. 
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see also WO2015/036561
Main Drivers of 3D Technology

No doubt – the new way to assemble products that really fit the human body will have major implications to those employing the new technology.

1. Material usage & Product Costs

A major driver towards the new technology is higher material usage, and lower product costs: Although the 3D product covers, in addition to what is covered by current products, a part of the upper leg, it uses significantly less chassis material. This is due to the fact that front to back elastics in today’s products tend to shorten them, requiring a longer chassis to start with. The elastics have other implications: they pull the product down, beyond what gravity does to a loaded product anyway. This requires stronger forces around the user’s waist to reduce sagging to acceptable levels, but these forces do not come for free: Sophisticated side panels and stronger fastening systems are required to make the diaper work.

These costs are avoided in 3D body conforming products – because they fit while all parts constituting them remain in relaxed mode. It does not take any elastic to make them fit and sustain their fit.

Another cost saver is in the fact that there is no design inherent scrap coming with these products. The avoidance of complex materials, particularly elastic materials, saves big money. Last not least, the overall low force level of this product in use allows smaller fasteners, avoids landing zones, and puts less stress on other chassis materials, which helps to get the costs further down. Needless to say that the use of less, and less sophisticated material also has a positive impact on the environmental sustainability and “footprint reduction”.

2. Capital Costs

As mentioned earlier, the new 3D product is assembled of fewer components than current products. This means fewer unwind stands, unit operations, say shorter lines.

Other items help on capital costs as well:

· The cores in the new product can be rectangular and flat, which opens up the option to convert premade cores, produced on broad based core making machines, and supplied in rolls or boxes on the diaper assembly machines. 

· There is no need for leg barrier cuffs, and the elastics to contract them.

· There is no need for leg elastics, and the space aside the core they need for proper function.

· There are no shaping knives like side notches etc. needed. The related trim removal systems are avoided as well.

· Open and closed products can be made on the same lines because they are identical in the critical dimensions.

· Above items cause size changes to be much easier than on today’s converters – we mostly talk about feed rated changes, rather than format changes. 

To sum it all up, the new diaper or pant converter will be significantly cheaper than traditional machines.

3. Consumer Benefits

The above mentioned article about “Sustainability and Value Creation” (Nonwovens Industry, Oct 2008 issue, pg. 42 ff) provides a comprehensive summary of the benefits the new product gives to the wearer. Particular advantages are expected in comfort of wearing, sustained fit, leakage protection, and discreteness. 

What is the scope of transition to 3D Technology?
As revolutionary the product and process concepts can be – they need to allow for an evolutionary equipment change over to avoid major scope on the factory floor. As indicated above, 3D products use some of the components which are part of current articles:

· the core can be rectangular, unshaped, but made on existing machinery – with a much simplified process

· top sheet and back sheet can be unwound from existing unwinds. Rolls are narrower, cut length is shorter than today’s.

· Side panels can be fed as today. Optionally, the side panels are elasticized and carrying hook or tape fasteners.

All other feed systems can be taken out of the line or bypassed.

Leg hoops may be introduced either as unitary pieces with the side panels, or as separate pieces. In the latter case, one of the obsolete unwind stands can feed the material. There are other product options which have the leg hoop integrated in the centre web – they also avoid an extra unwind stand.

The only new equipment is the so called “flipping drum”, which may be e.g. an 8-up or 10-up turret, depending on the speed potential of the rest of the line, and the desired output. The turret concept allows to design the system for any speed desired without increasing the speed of the particular unit operation – the flipping of hoop ends – beyond acceptable limits.

To summarize, 3D lines can be generated from existing lines by investing fairly small amounts of capital. If a grass roots approach is desired, production rooms can be designed smaller, because 3D lines will be significantly shorter than current ones – and cheaper. Trim cutters and removal systems are no longer needed.

Outlook
For more than 50 years, wearers of absorbent articles like pants and diapers had no other option than wrapping their lower torso with 2D products, although this torso consists of three major intersecting 3D elements. With the body conforming 3D products, and the technology to make them becoming available, consumers will enjoy better and cheaper products in the future. Product manufacturers will enjoy better profit margins and less complex converter rooms. And we all will enjoy the fact that all this reduces our CO2 footprint.
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