ENGINEERING WHOLE GARMENT DESIGNS

LISA PARRILLO CHAPMAN
INSTRUCTOR, COLLEGE OF TEXTILES

NORTH CAROLINA STATE UNIVERSITY, RALEIGH NC, 27695

Abstract

The textile industry is rapidly changing and our courses should acknowledge this and take advantage of existing technology. The challenge lies in building a foundation for students in basic design fundamentals while at the same time introducing them to emerging technologies. Whole garment or engineered designing, where the textile design or structure is created within the garment shape, is a process that capitalizes on new and emerging technologies while also achieving ancient aesthetics.

Christine Knight, in her thesis “Area Pattern Designed Specifically for the Garment Shape”( University of  Leeds, 1972), discusses marrying  textile design with garment shape and states that “Unlike other decorative arts such as ceramics, furniture and architecture, where the decoration is applied either as the object is being made or after it is finished, the decoration of a garment is usually applied before it is made, Pattern in architecture is an integral part of the whole, for example the ornament applied to a lintel, an arch , the sculptured pediment or a frieze, all add a certain rhythm and line to the mass, the relationship of the ornament to the whole being vital to the architectural effect”.

Current apparel production methods rarely allow for the full integration of clothing shape with textile design. But, new and emerging technologies in digital fabric printing, whole garment knitting, and computer aided design allow the product designer to engineer the textile design within the garment shape. Therefore the textile pattern, created specifically for that particular product, is more appropriate to the end product and a better marriage of shape and pattern design.

In an engineered garment, a pattern, structure or image is able to be carried seamlessly across a dart, seam or closure and the print or design structure follows the shape of the garment and body. This process permits the designers to better create for a three dimensional form. Engineered designing is a historical technique, Japanese textile designers had several distinct methods for design placement within the kimono shape and the Greeks used surface design to accentuate the pleats or folds of their garments. It was not until mass production of clothing that this design aesthetic was largely lost. This paper will document our Universities current research in the area of engineered whole garment design for printed, woven and knitted apparel. 

Introduction

The College of Textiles at NCSU has invested in new technology such as whole garment knitting machines, textile ink jet printers, various computer aided design software and a jacquard loom to be used for research and integration into our design classes. By allowing students the opportunity to become involved in the production of their designs we are able to broaden their education by providing a multidisciplinary program that includes computer aided design, color management, dyeing and finishing and marketing. Having a tangible design, to touch and hold, also enables students to better see the successes or faults of their design – ones that were not readily apparent to them when viewed on the computer monitor or in a sketch book. But it is the ease of set up and operation, as well as the compact design of the machines, which offer the most advantages in a design studio setting. It enables students to have direct involvement, from start to finish, in the design workflow and production. Our research into whole garment or engineered designing has proved to be an educational asset for our students. When designing and producing whole garment students able to learn about many aspects of product design such as ink and color chemistry, yarn properties, textile structures and garment styling. Typically students learn either textile design or apparel design with little interaction between disciplines; whole garment designing integrates these two studies. 
Printed Textiles 

Design students are first introduced to ink jet printing in the authors introductory computer aided design course. Prerequisites of this are a studio design course to insure that participants come in with a good, base understanding of fundamental design skills such as repeat pattern, color and layout. Many of the students have previously produced textile designs, in other classes, by hand screen printing or drawing and painting on paper. For their third project, having gained knowledge and skill in CAD and digital printing, students are introduced to engineered designing for digital printing. Our Digital Design Lab has two Stork Amber textile printers, one set up with reactive dyes the other with Acid, both containing the CMYKOB (Cyan, Magenta, Yellow, Black, Orange, and Blue) set. Ink jet printing onto textiles, is an amazing design tool for students, offering them many opportunities for exploration and learning. The ability to print fine line detail and near infinite number of colors, enables a photographic like image on the textile substrate, and there is no restriction in repeat size or number of colors used.  The ease of set up and operation, as well as the compact design of the machine, is advantageous in a design studio setting. It enables the students to have direct involvement, from start to finish, in the design workflow and production. Students are taught that Ink jet printing onto textiles is a viable method of printing for customized fabric, small run productions and one-of- kind garments. Besides allowing for more flexibility in the printing process, ink jet printing onto fabric allows for freedom from repeats and the ability to engineer a print design within the garment marker It is the freedom from repeat and print engineering ability that allows for the most improvement in print design for garments. By engineering a print, a product developer is able to carry a pattern or image seamlessly across a dart, seam or closure by bringing the garment or furniture marker into a textile design software program. By exploiting the assets of digital printing, designers can create garments that have graphic imagery rather than repeated pattern and can manipulate how this imagery encompasses the body. This exciting process is being explored and utilized by artists and fashion designers and is beginning to find its way into the main stream market. Issey Miyake is one such designer who has experimented with the engineered printing process. Our students embraced this design method process and the challenges and opportunities it allowed. 
For the third project, near the completion of the course, students are asked to produce an end product with their textile designs and it is here that students are introduced to an engineered print design. Figures 1 shows an engineered garment by an undergraduate student. Approaching this problem as a product development project instead of just a textile design expanded the students learning scope. Instead of creating an attractive textile design on the computer they had to also consider type of fabric, shape of garment and how this all these style aspects worked together. To accomplish this student did market research, first deciding on a market then looking into what types of graphics and garment shapes would be appropriate. For the shirt in figure one, the student researched the young adult men’s market choosing the 18-25 years of age segment and focusing on urban street ware. The style is meant to be worn loose fitting and open rather than buttoned. The fabric is flowing with a subtle sheen and the motifs are Asian symbols of power and strength.

	Engineered Garment by Chris Snyder
	Engineered Marker by Michael Willis
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	Figure 1
	Figure 2


1.Process


1.1Virtual Modeling

The students were taught the following process, developed by the author, for engineering a printed design within a garment shape. In planning the process for making an engineered garment the researcher hoped to best utilize the digital technology that is currently available in hopes of creating a process that could eventually be used in a production setting. First the concept for the garment is “sketched” or virtually created in a computer aided design program. Students were taught texture mapping or virtual draping earlier in the semester and used this skill to plan their product. Some students also made storyboards as design inspirations for their garments. This sketch acts the blueprint for the textile and apparel design. The students used these “sketches” or virtual models as a template for making the garment, mapping how and where images should be placed on the garment.

                 1.2Computer Aided Design

 Once the theme and over all look of the garment is determined the marker is brought into Adobe PhotoShop, a graphics software program, and the textile design is engineered or “painted” within the garment marker. The students began collecting and editing the imagery to be used on the garments. Adobe PhotoShop, an off the shelf, photo editing software was used for all of the textile designing. Most textile design software, made for the end use of silk screening, operates on 256 colors or less. Photoshop, which operates with true color, a much larger color palette, allowed for full gradients and a more photographic or painterly look. Another advantage of PhotoShop is that it allows the designer to work in layers. Layers are like transparent sheets of acetate; the user can change the properties, such as transparency, of one layer and not affect the layer above or below. The designer can build up multiple transparent layers of design elements, placing them one on top of each other and weaving them together like a collage.

For the shirt in Figure 2, the imagery that appears on the shirt, such as the beach or sky and fish, was captured by digital camera or pulled from a digital archive and then brought into PhotoShop. The student also used his own paintings and drawings that he scanned into the computer. By applying filters and over drawing techniques he could use these scans as other design elements. The background was filled in with a gradient and then the digital imagery was collaged on top. Michael, the student designer who worked on this shirt, drew inspiration from “the Golden Age of the Aloha shirt”, the era spanning from the 1930’s through the 50’s. (Hope, 2000) Hawaiian shirts from this time period, now collector items, often had imagery that was engineered to fit the shirt’s shape. Unlike the engineering process that Michael and the other NCSU students learned, this process was done by hand cutting and manipulation of existing printed fabric.

                1.3 Ink Jet Printing

After the imagery is properly placed within the garment marker, fabric skew and shrinkage is determined and the pattern is altered accordingly. Once the engineered marker is correctly resized and laid out, it is printed directly onto cloth via an inkjet printer. Lastly, the fabric is steamed, washed and pressed and then cut and sewn.

The Digital Design lab has two Stork Amber textile printers; one set up with reactive dyes the other with Acid, both containing the CMYKOB (Cyan, Magenta, Yellow, Black, Orange, and Blue) set. Another lesson learned from this experience is the color matching.

The computer monitor has a much larger and different quality of color from either the reactive or acid set. Students learned the importance of proofing and sampling of different fabrics before going to the final print. Figure 3 shows an engineered garment that was digitally “painted” within the garment marker. The detail on the far right shows the fine line detail, multiple color palettes and how the design is able to follow the shape of the garment on the body.

	Engineered marker
	 Final Garment
	Final Garment Detail
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	Figure 3


2.Knitted Garments

A more complex method of designing, whole garment knitting is another design tool enabling whole garment or engineered designing. Students and Faculty at NCSU have access to Shima Seiki’s whole garment machine and SES 124; both V-bed computer aided knitting machines allowing the production of shaped knitted structures. The SES 124 is capable of knitting flat shapes while the whole garment knits, without seams, a three dimensional shape such as a sweater, pants or skirt. The unique aspect of the whole garment is that the designer must think about the pattern shape at the same time the knit structure is being developed and therefore the two are better integrated. Both these machines, acquired a little over a year ago were incorporated into a summer session for High School students. These sessions offer students, who are thinking of majoring in textiles, the experience of working on state of the art technology. Figure 4 shows two sweaters designed and worn by two such students. They were able to choose color, yarn type, shape and fit of the garments. Patricia choose a melon colored cotton, acrylic blend with a shimmer to it while Jhoti choose a hundred percent white cotton fine textured yarn that created a sheer knit. Both women opted for a four by two rib, which they had learned produced a tighter fit. Again, just as in ink jet printing, having the students produce an entire garment, from start provides a multidisciplinary learning experience. In one week students such as Patricia and Jhoti can see how color, fiber, shape, structure and fit and are intertwined in the making of a textile garment.

	Patricia’s Whole Garment Sweater
	Jhoti’s Whole Garment Sweater
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	Figure 4


On a more advanced level, a team of faculty and graduate student designers were able to participate in an industry project utilizing engineered knitting. American Fibers and Yarn, a subsidiary of Amoco needed to test a new market for Innova® yarn. Innova® is an established olefin yarn used for high performance sporting wear such as swimsuits, aerobics and cycling. (AFYarns.com 2004) AF&Y wanted to test the eighteen to twenty five year old women’s fashion market for their yarn. We were asked to make prototypes for them that could be taken to the Gap and Limited to gauge interest in this new product. To start, we researched styles and trends for this market and knitted samples on our whole garment machine. Having the ability to design in this manner allowed us to quickly provide feedback to the company, and to create designs that emphasized the positive qualities of the yarns while minimizing negative ones. Our market research showed that this age group liked to wear clothing that fit tightly to the body. By engineering the knit structures within the sweater shape we were able to design pleasing designs with a comfortable fit.

3.Woven Textiles

Alan Donaldson, a textile design professor specializing in jacquard designs states that “In the old days, it was the custom in some dobby mills to have the newly apprenticed loom tuners weave a pair of trousers direct on the loom as a form of initiation-rite, prior to receiving their seals of approval.  The requirement was that they weave the garment, cut it off the loom and wear it, there-and-then – without any additional stitching!  Now, this was really quite a difficult thing to do on a dobby loom.”(2004) For Donaldson’s students, utilizing NCSU’s new computerized jacquard technology, the challenge of this exercise changes dramatically.  Jacquard looms provide greater flexibility for design aspects such as style or shape because, unlike Dobby looms, that typically have a maximum of 24 shafts, jacquard technology enables each thread to be controlled individually, the equivalent of having thousands of shafts. In two of Donaldson’s woven studio courses, one for senior undergraduates and the other for graduate level, students are challenged to explore the possibilities of jacquard technology “not simply for the creation of complex pictorial renderings but to invoke the age old test of structural weaving ingenuity by approaching today’s jacquard potential in different and innovative ways - through the creation of whole garment (or similar 3-dimensional end product) designs on the loom”. Donaldson emphasizes that “This process of investigating the structural manufacture of three-dimensional forms is intended to expand the potential of jacquard weaving into relatively uncharted areas. It is an exercise that provides the base design concept for the manufacture of multi-layered, 3-dimensional forms that would translate into ideas ranging in scope from soft-goods products, such as “Donald’s Troosers”, (Figure 5) to the production of non-corrosive concrete doors for beach-front properties, in North Carolina. (2004). By engineering the structure within the shape of the pants Donaldson was able to design a better product. The seamless pants were far less likely to fail at the inseams or crotch area because of the strength of the woven structure as compared to a sewn seam. Donaldson was also able to incorporate a honeycomb weave structure into the seat of the pants giving greater ease of fit and a “cushion” to the wearer. 

	Trousers woven on jacquard loom
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	Figure 5


Linda Collins, a graduate student in Donaldson’s class, took on this jacquard weaving challenge by creating two seamless, shaped, woven garments. (Figure 6)

In Linda’s garments a double cloth was woven, one layer for the front and the other for the back of the tops. Linda, a textile designer, had to draw and plan garment shapes as well as drafting out the structural complexities of the woven cloth. The woven garment had an inherent shape that Linda further emphasized by a shibori finishing process. Linda had learned this process from Catherine Ellis (Wada, Larsen 2002), a textile artist who had taught a workshop on shibori weaving. Linda expanded this process to give more shape and elasticity to her woven tops. For this process, nylon supplemental threads were woven into the weft of the jacquard double cloth. After the garments were removed from the loom, Linda used these nylon threads to tightly gather the fabric of the tops, which were then over dyed with reactive dyes and steamed to set the shape. The pleats, set in by the dying process gave wonderful texture and shape with a spotted animal type print pattern.
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	Figure 1
	Figure 2


Conclusion

To properly incorporate new technology into a textile design course it is important to not simply teach the course as a training session but to allow the students understand the technology in a comprehensive way. University education is a time for exploration, discovery and learning creative problem solving, not for technical training. When incorporating new technology into a course it is imperative that the technology be taught in a way that builds on historic techniques. The textile industry is rapidly changing and our courses should acknowledge this and take advantage of existing technology. The challenge lies in building a foundation for students in basic design fundamentals while at the same time introducing them to emerging technologies. Engineered designing asks students to consider all aspects of the products design and allows them the opportunity to build better products. Walter Crane in his book “The basis of design” states that “the decoration should not interfere with the utility of an object but enhance the line of the object and “decoration or ornament we have been too accustomed to consider as accidental and unrelated additions to an object, not as an essential expression and organic part of it, not as beauty, which may satisfy us in simple line form or proportion combined with fitness of purpose”. The industrial revolution shifted the process by which we produce clothes. With more automated processes we lost the idea of creating the fabric and the garment together. Engineered designing enables us to create the textile design not as an accidental addition to the garment but as a purposeful part of it.

Bibliography

Crane, W. 1898, The Basis of Design, Chiswick Press, London

Colchester, C. 1991, The New Textiles, Rizzoli International Publications, Inc., New York, USA

Donaldson, A. 2003, “DONALD, WHAR’S YER TROOSERS?” Proceedings of the INTERMESH Conference, Edinburgh, Scotland
Hope, D., Tozian, G. 2000, The Aloha Shirt: Spirit of the Islands, Beyond Words Publishing, Oregon.

Innova® The Benchmark of Performance Fibers,(AFYarns.com), Available: http://afyarns.com (Accessed: 2004, January 30).

Knight, C. 1974, Area Pattern Designed Specifically for the Garment Shape, M.P. Thesis, University of Leeds.

Nabney, J. 1991, Designing Garments on the Knitting Machine, B.T. Batsford, London

Wada, Y.I., Larsen, J.L. 2002, Memory on Cloth Shibori Now, Kodansha International, Japan

Riegelman, N. 2000, 9HEADS, 9 Heads Media, Pasadena, USA

[image: image1.png]


