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A design investigation in 3D pattern tessellation for Interior Product 

Design, exploring the processes of digital fabrication and traditional mass 

production techniques, to create 3D printed forms for ceramics. This study 

records the development of functional ceramic vessels evolved from digitally 

created patterns. Original 2D patterns were 3D modeled, analyzed, and 

tessellated to create forms for 3D printed prototypes, final use [3D printed 

ceramics], and models for mold making and casting in clay. This research 

exploration was conceived to yield a design process and products that can be 

digitally iterated, crafted, and reproduced. This design investigation’s 

methodology and analysis encompass an in depth digital material, fabrication, 

craft, and production exploration. The study integrates the fields of Art and 

Design to decipher innovative processes where traditional and digital product 

design impact, progress, and contribute to the other. The balance between the 

multiple disciplines, theories, and craft techniques allows for the resulting 

products and process to resolve specific design and production limitations of 

each respective field. This design thesis culminates in a body of work, craft 

process, and directions for future computing and production research and 

development.



 
 

PATTERN, PROCESS, PRODUCTION: A DESIGN INVESTIGATION IN 

INTERIOR PRODUCT DESIGN, EXPLORING PATTERN, DIGITAL 

FABRICATION, AND CERAMIC PRODUCTION 

 
 

 
by 

  
Ashley Danielle Dale 

 
 
 

A Thesis Submitted to 
the Faculty of The Graduate School at 

The University of North Carolina at Greensboro 
in Partial Fulfillment 

of the Requirements for the Degree 
Master of Science 

 
 
 

Greensboro 
2014 

 
 
 

 

 .Approved by 

  ___________________ 
.Committee Chair 

 
 
 



 
 

 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

© 2014 Ashley Danielle Dale



 

ii 
 

APPROVAL PAGE 
  
 

This thesis written by Ashley Danielle Dale has been approved by the 

following committee of the Faculty of the Graduate School at The University of 

North Carolina at Greensboro 

 

 

Committee Chair 

 

Committee Members 

 

 

 

 

 

 

____________________________ 
Date of Acceptance by Committee 
 

_________________________ 
Date of Final Oral Examination 
 

 
  
 



 

iii 
 

ACKNOWLEDGEMENTS 
 
 

I’d like to thank my family, friends, professors, mentors, and everyone else 

who has assisted me throughout my time at UNCG. I’d like to especially thank my 

thesis chair Stoel Burrowes, whose patience and support has been irreplaceable. 

To my thesis committee, Nikki Blair and Tommy Lambeth, thank you for all the 

time, energy, and encouragement, that you both have shown me during my 

research and time at UNCG. I’d also like to thank my mentors Chris Pence and 

Mark Warren. My time interning at Haand with you both was such a valuable and 

appreciated learning experience. I’d also like to thank the University 

Photographer Dan Smith for his time and talent professionally photographing my 

thesis works. To my family: my husband, son, parents, grandparents, and all of 

my extended family. Thank you so much for the support, love, and constant 

encouragement that all of you have given me throughout my entire life and 

especially during my time in graduate school. Thank You.

 

  



 

iv 
  

TABLE OF CONTENTS 

Page 

LIST OF FIGURES ............................................................................................... vi 

LIST OF DIAGRAMS ............................................................................................ xii 

TERMINOLOGY .................................................................................................. xiv 

CHAPTER 

 I. INTRODUCTION ...................................................................................... 1 

 II. LITERATURE REVIEW AND PRECEDENT STUDY ................................ 3 

 III. METHODOLOGY ................................................................................... 24 

 IV. PROTOTYPES AND ITERATIONS ........................................................ 46 

 V. THESIS DESIGNS .................................................................................. 56 

 VI. PRINTING AND PRODUCTION ............................................................. 67 

 VII. ANALYSIS .............................................................................................. 99 

 VIII. CONCLUSION ...................................................................................... 120 

REFERENCES .................................................................................................. 137 

APPENDIX A. CLAY BODY AND GLAZE TECHNICAL INFORMATION .......... 140 

APPENDIX B. THESIS DESIGN PRECEDENT: NEOCLASSIC 
 INTERIORS ........................................................................... 143 

APPENDIX C. MATERIAL AND CRAFT STUDIES ........................................... 145 

APPENDIX D. DESIGN GUIDELINES FOR 3D PRINTED CERAMICS ............ 163 

APPENDIX E. 3D PRINTED CERAMICS RESEARCH AND  
 DEVELOPMENT ................................................................... 166  



 

v 
  

APPENDIX F. IN PROGRESS/FURTHER DESIGN AND PROCESS 
 RESEARCH............................................................................. 170 
 

 



 

vi 
 

LIST OF FIGURES 

Page 

Figure 1. Ron Resch’s Pattern Exploration ......................................................... 10	  

Figure 2. Resch's Folded Paper [Left] ................................................................. 10	  

Figure 3. Resch’s Architectural ............................................................................ 10	  

Figure 4. The Prince Chair By Louise Campbell ................................................. 11	  

Figure 5. Digital Rendering Of Larger Than Life Exhibit ...................................... 12	  

Figure 6. Scaled Model Of Larger Than Life Exhibit Design................................ 13	  

Figure 7. Photo Of Actual Larger Than Life Exhibit Design ................................. 14	  

Figure 8. Faceture Vases, by Phil Cuttance ........................................................ 15	  

Figure 9. Slipcasting – Haand ............................................................................. 16	  

Figure 10. Baroque Interior .................................................................................. 20	  

Figure 11. Rococo Interior, Munich Geramany (Cuvilliés) ................................... 20	  

Figure 12. Neoclassic Interior, France, ("Cabinet de la Méridienne,") ................. 21	  

Figure 13. Neoclassic Ceiling, England ("Robert Adam: Neo-Classical  
                      Architect and Designer,") ............................................................... 22	  

Figure 14. [L] ("Fonthill Abbey. Interior of St. Michael's Gallery," 1823) .............. 23	  

Figure 15. [R] ("Fonthill Abbey. Specimens of the Ceilings.," 1823) .................... 23	  

Figure 16. 1st Sketch Model, Laser Cut Chipboard [Left] .................................... 46	  

Figure 17.  2nd Prototype, Laser Cut Cardboard [Right] ..................................... 46	  

Figure 18. 2nd Prototype, Sealed For Casting .................................................... 47



 

vii 
 

Figure 19. Plaster Mold Of 2nd Prototype ........................................................... 48	  

Figure 20. 3rd Prototype - Gypsum 3D Print ........................................................ 48	  

Figure 21. 3D Printed Ceramic - Design A: Shallow Bowls ................................. 50	  

Figure 22. 3D Printed Gypsum - Design D - Casting Model ................................ 51	  

Figure 23. 3D Printed Gypsum - Design C - Casting Model ................................ 51	  

Figure 24. Gypsum 3D Prints - Design D ............................................................ 52	  

Figure 25. 3D Printed Gypsum - Design D - Casting Mold .................................. 52	  

Figure 26. Iterative and Final 3D Printed Gypsum Casting Models-  
                   Design F ........................................................................................... 53	  

Figure 27. Design G – 3D Printed Ceramics ....................................................... 55	  

Figure 28. Ceramic 3D Printing Process ............................................................. 69	  

Figure 29. Forms 3D Printed In Ceramics, Shapeways Rendering ..................... 70	  

Figure 30. Shapeways Printability Feedback, Design D ...................................... 71	  

Figure 31. Shapeways Printability Feedback, Design H ...................................... 72	  

Figure 32. Shapeways Printability Feedback, Iterative Design H ........................ 74	  

Figure 33. 3D Printing Prototype Design D ......................................................... 76	  

Figure 34. 3D Printing Gypsum Model - Design C .............................................. 77	  

Figure 35. Post Printing Processes. .................................................................... 78	  

Figure 36. 2 – Part Round Mold Making Processes - Design D, 1 Of 2 .............. 87	  

Figure 37. 2 – Part Round Mold Making Processes - Design D, 2 Of 2 .............. 88	  

Figure 38. 2 Part Rectilinear Mold Making Processes, Design F ........................ 89



 

 
 
viii 

Figure 39. Slip Casting Process - Design C - 1 Of 2 ........................................... 94	  

Figure 40. Slipcasting Process - Design C - 2 Of 2 ............................................. 95	  

Figure 41. Troubleshooting Pin Holes In Cast ..................................................... 96	  

Figure 42. Extended Mold Drying Time Prior To Casting .................................... 96	  

Figure 43. Casting Issue – Design C ................................................................... 97	  

Figure 44. Casting Issue - Design F .................................................................... 97	  

Figure 45. Shapeways' Ceramic Finish Options ................................................ 105	  

Figure 46. [L] 3D Printed Glazed Ceramic – Iterative Design F ......................... 107	  

Figure 47. [R] Slipcast From Gypsum 3D Print – Design F ............................... 107	  

Figure 48. Wall Thickness Comparison, Design F ............................................ 108	  

Figure 49. One Part Mold With Reservoir .......................................................... 110	  

Figure 50. Interior Definition Comparison - Design C. ....................................... 111	  

Figure 51. Interior/Exterior Definition Comparison - Design C. .......................... 111	  

Figure 52. Exterior Definition Comparison  - Design C ...................................... 112	  

Figure 53. Production Comparison - Design C .................................................. 112	  

Figure 54. Production Comparison: Interior View – Design D ........................... 113	  

Figure 55. Definition Comparison: Exterior - Design D ...................................... 114	  

Figure 56. Wall Thickness Comparison - Design D ........................................... 114	  

Figure 57. Thesis Exhibition, Design F, Low Fire Clay Body ............................. 115	  

Figure 58. Thesis Exhibition, Gatewood 303, UNCG ........................................ 120	  

Figure 59. 3D Printed Ceramic – Design A ....................................................... 121	  



 

 
 
ix 

Figure 60. Slipcast Mid Range Porcelain – Design B ........................................ 121	  

Figure 61. Slipcast Mid Range Porcelain – Design C ........................................ 122	  

Figure 62. Slipcast Mid Range Fire Porcelain – Design D ................................ 122	  

Figure 63. Slipcast Mid–Range Porcelain – Design F ....................................... 123	  

Figure 64. 3D Printed Ceramic - Design G ........................................................ 124	  

Figure 65. Thesis Exhibition, Slipcast Display ................................................... 125	  

Figure 66. Slipcast Porcelain, Clear Glaze [Side View] ..................................... 126	  

Figure 67. Slipcast Porcelain, Clear Glaze [Perspective View] ......................... 126	  

Figure 68. Slipcast Porcelain, Clear Glaze [Top View] ...................................... 127	  

Figure 69. Slipcast Colored Clay: Yellow, Clear Glaze ...................................... 128	  

Figure 70. Slipcast Colored Clay: Robins Egg Blue - Exterior View .................. 128	  

Figure 71. Slipcast Colored Clay: Pink - Interior View ....................................... 129	  

Figure 72. High Fire Porcelain, Mixed Slips and Colored Clay,  
                     Clear Glaze ................................................................................... 130	  

Figure 73. High Fire Porcelain, Mixed Slips – Design C .................................... 131	  

Figure 74. High Fire Porcelain, Colored Clay – Design C ................................. 131	  

Figure 75. Mid-Range Porcelain, Mixed Slips, Once Fired, Sans Glaze ........... 132	  

Figure 76. Mid-Range Porcelain, Mixed Slips - Design C .................................. 132	  

Figure 77. Mid-Range Porcelain, Mixed Slips - Design B .................................. 133	  

Figure 78. Low Fire Mixed Slips, Design F and C ............................................. 134	  

Figure 79. Interior and Exterior View - Design C ............................................... 134	  



 

 
 
x 

Figure 80. Low Fire Mixed Slips – Design F ...................................................... 135	  

Figure 81. Thesis Exhibition – Design F and C ................................................. 136	  

Figure 82. Thesis Exhibition, November 21, 2014 ............................................. 136	  

Figure 83. Parisian Neoclassic Interior. ............................................................. 143	  

Figure 84. Neoclassic Interior, ("Villa di Poggio Imperiale,") ............................. 143	  

Figure 85. Italian Neoclassic Interior, ("Palace of Caserta,") ............................. 144	  

Figure 86. Neoclassic Furniture Examples,(Hepplewhite, 1787) ....................... 144	  

Figure 87. Larger Than Life Exhibit ................................................................... 146	  

Figure 88.  Larger Than Life Exhibit Boards 1 of 3 ............................................ 148	  

Figure 89. Larger Than Life Exhibit Boards 2 of 3 ............................................. 149	  

Figure 90. Larger Than Life Exhibit Boards 3 of 3 ............................................. 150	  

Figure 91. Canopy House Furniture Design and Construction- Table and  
                      Chairs .......................................................................................... 151 

Figure 92. Canopy House: Chair Construction Process Photos ........................ 153 

Figure 93. Canopy House Furniture ……………………………..…………………154 

Figure 94. Wood Turning Practice - Bowls ........................................................ 156	  

Figure 95. Wood Turning Practice – Pens ......................................................... 156	  

Figure 96. Wheelthrowing Practice – Bowl and Lidded Container .................... 157	  

Figure 97. Initial Mold Making Attempt - Design C - 4 Part Mold ....................... 158	  

Figure 98. 3D Printed Ceramic Pen Holder – Shapeways ................................. 159	  

Figure 99. 3D Printed Ceramic Pen Holder ....................................................... 160	  



 

 
 
xi 

Figure 100. 3D Printed Ceramic - Design C ...................................................... 161	  

Figure 101. 3D Printed Ceramic - Design D ...................................................... 161	  

Figure 102. 3D Printed Ceramic - Design E, Iterative Print ............................... 162	  

Figure 103. Shapeways’ 3D Printed Porcelain, (Shapeways) ........................... 169	  

Figure 104. Example of 3D Model with Built in Reservoir ................................. 171	  

Figure 105. Example of Parting Line and Mold making Stands ......................... 171	  

Figure 106. 3D Printed Parts With Joints For Post Printing Assembly .............. 172	  

Figure 107. Iterative Prototype Design H, Resin Injected 3D Printed  
                     Gypsum ........................................................................................ 173	  

Figure 108. Illustration Of 1st and 2nd Iteration Of Design H, Cake  
                     Stand Base ................................................................................... 174	  

Figure 109. 1st and 2nd Iteration Of Design H, Gypsum 3D Print ..................... 175	  

Figure 110. Photo - Design H - 3D Printed Gypsum ......................................... 176	  

 

 



 

 
 
xii 

LIST OF DIAGRAMS 

Page 

Diagram 1. Design Investigation Process Stages ............................................... 25	  

Diagram 2. Design Driver Correlation Diagram ................................................... 30	  

Diagram 3. Exploration Methodology Synopsis ................................................... 31	  

Diagram 4. i - Initial Pattern Tessellation [Designs A - D] .................................... 34	  

Diagram 5. A.1 Pattern Tesselation - Design A ................................................... 35	  

Diagram 6. B.1 Pattern Tesselation - Design B ................................................... 36	  

Diagram 7. C.1 Pattern Tesselation – Design C .................................................. 37	  

Diagram 8. D.1 Pattern Tesselation Diagram - Design D .................................... 38	  

Diagram 9. ii - Initial Pattern Tesselation [Designs E – H], 1 of 2 ........................ 40	  

Diagram 10. iii - Initial Pattern Tesselation, [Designs E – H], 2 of 2 .................... 41	  

Diagram 11. E.1 Pattern Tesselation - Design E ................................................. 42	  

Diagram 12.  F.1 Pattern Tesselation - Design F ................................................ 43	  

Diagram 13. G.1 Pattern Tesselation - Design G ................................................ 44	  

Diagram 14. H.1 Pattern Tesselation - Design H ................................................ 45	  

Diagram 15. A.2 Construction Drawings - Design A ............................................ 57	  

Diagram 16. B.2 Construction Drawings - Design B ............................................ 58	  

Diagram 17. C.2 Construction Drawings - Design C ........................................... 59	  

Diagram 18. D.2 Construction Drawings - Design D ........................................... 60	  

Diagram 19. E.2 Construction Drawings - Design E ............................................ 61	  



 

 
 
xiii 

Diagram 20. F.2 Construction Drawings - Design F ............................................ 62	  

Diagram 21. G.2 Construction Drawings - Design G ........................................... 63	  

Diagram 22. H.2 Construction Drawings - Design H ........................................... 64	  

Diagram 23. H.3 Construction Drawings - Design H ........................................... 65	  

Diagram 24. H.4 Construction Drawings – Design H .......................................... 66	  

Diagram 25. 3D Printing Material Comparison Analysis .................................... 118	  

  

  



 

 
 
xiv 

TERMINOLOGY 
 
 

Digital Fabrication Terminology 

3D MODELING SOFTWARE –  Software used to create electronic models and 

three-dimensional images from a drawing. The three-dimensional images can be 

viewed from a variety of different angles utilizing the software and exported to a 

variety of file types. 

3D PRINTING – A process which creates a physical object from a three-

dimensional digital model. Different materials can be printed depending on 

material specific design guidelines and type of 3D printer.  

Z-Corp Gypsum 3D Printer – typically produces forms by a machine positioning 

multiple sequential layers of a material, with a bonding adhesive between each 

layer, at precise coordinates derived from a digital model.  

AUTO CAD – a Computer Aided Design/Drafting software by Autodesk, which 

illustrates 2D and 3D drafting. First distributed in 1982, AutoCAD is widely used 

in a variety of design, architecture, and engineering oriented fields. 

CAD- Computer Aided Design 

CNC- Computer Numeric Control 

CNC ROUTER- Computer Number Control- A machining process where the 

entire process, tool cutter path, feed of tool, rotational speed of tool, and the 

linear or circular movement of the tool path are all controlled by machines using 



 

 
 
xv 

either direct operator input data [MDI] for some operations and CAM [computer 

assisted Manufacturing] to generate the tool paths that the machine will follow.  

CYANOACRYLATE - any of a class of compounds that are cyanide derivatives of 

acrylates. They are easily polymerized and are used to make quick-setting 

adhesives. [Used for sealing sandstone/gypsum 3D Prints] 

DIGITAL FABRICATION: A process of construction through the use of 3D 

modeling software and additive and subtractive manufacturing processes 

LASER CUTTER- a process by which a laser beam is directed across a material 

in order to cut away from, engrave upon, or sever a material in a way, which 

leaves a high quality, finished edge. [McGraw-Hill Science and Technology 

dictionary] 

NURBS- [Non Uniform Rational B-Spline] mathematical representations of 3D 

geometry that can accurately describe any shape from a single 2D line, circle, 

arc, or curve to the most complex 3D organic free form surface or solid, because 

of its flexibility and accuracy  

RHINOCEROUS – is 3D NURBS Modeling Software, which allows the user to 

accurately model and document their designs for rendering, animation, drafting, 

engineering, analysis, manufacturing and construction. Rhino is capable of 

creating, editing, analyzing, document render, animate, and translate NURBS 

curves, surfaces, and solids with no limit on complexity, degree, or size.   
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Ceramics Terminology 

CLAY BODY – any blend of clays and non-plastic ceramic materials that is 

workable and has certain firing properties. Clay bodies are formulated to serve 

particular purposes and to achieve maturity at various firing temperatures 

WARE – a general term applied to any ceramic earthenware stoneware or 

porcelain in the green, bisque or fired state 

GREENWARE – unfired pottery 

EARTHENWARE – pottery that has been fired at low temperature  [below cone 2] 

as is porous and relatively soft.  

STONEWARE –  a type of clay body fired to a temperature at which the body 

become vitrified dense and non absorptive but not translucent 

PORCELAIN – a translucent non-absorbent body fired at high temperatures. 

Appearance: White and hard.  

SLIP – liquid clay used in the slip casting process; a suspension of clay in water 

used for casting pottery or sculpture in molds  

HANDBUILDING – the process of building pots or sculpture without the use of 

the potter’s wheel 

WHEELTHROWING – The action of making pots on a quickly rotating wheel 

using only the hands and water 

SLIPCASTING: The process of utilizing clay “slip” [liquid clay] in a plaster mold to 

create a replica of an original form.  



 

 
 
xvii 

DRYING – The elimination of water from pots and sculpture. Insufficient drying 

before firing can result in a piece exploding in the kiln. While drying too fast can 

cause warping or cracking of the ware 

LEATHER HARD – the condition of a clay body when much of the moisture has 

evaporated and shrinkage has just ended but the clay is not totally dry. Carvings 

burnishing or joining slabs are often done are this stage. 

SHRINKAGE – The loss of volume in clay as it shrinks in drying or in firing 

shrinkage varies from 7 % to 20 % from wet clay to fired depending on the clay 

Firing And Finishes Terminology 

BISQUE – Unglazed Ceramic ware that has been fired at a low temperature to 

remove all moisture from the clay body to make handling easier during glazing 

GLAZE – any vitreous coating that has been melted onto a clay surface by the 

use of heat made of fine ground materials that when fired to a certain temp fuse 

into a glassy coating. Glazes may be matte or glossy depending on their 

ingredients 

STAIN – commercial blends formulated with various coloring oxides that produce 

a wide range of colors when used in glazes or clay bodies 

COLORED CLAY – Colorants are mixed with a clay body  

FIRING  - Heating pottery in a kiln to bring the clay or glaze to maturity. The 

temperature needed to mature specific clay or glaze varies 
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BISQUE FIRING – The process of forming ware a through firing from cone -10 to 

05 to produce bisque ware 

GLAZE FIRING – the firing during which glaze materials melt and form a vitreous 

coating on the clay body surface 

LOW – FIRE. The range of firing of clays and glazes in which the kiln temp 

reached is usually in the cone 015 to cone 1 range 

HIGH – FIRE – describes clays or glazes that are fired from cone 2 up to cone 10 

or 13 ware fired at cone 2 and up is usually considered to be stone ware 

MATURITY – refers to the temperature and time in firing at which a clay or glaze 

reaches the desired condition of hardness and density. Both clay and glazes 

have a differing maturing points depending on their composition 

MATURITY TEMPERATURES –  

Low Fire – Earthenware: Cone 012 [approx. 1623° F] to Cone 02 [Approx. 

2048° F]  

Mid-Range – [Lower Mid-Range] Cone 01 [Approx. 2079°F] to Cone 3 

[Approx. 2134°F] 

[Mid-Range] Cone 4 [Approx. 2167° F] to Cone 7 [Approx. 2264° F] 

High Fire – [Stoneware and Porcelain] Cone 8 [Approx. 2305°F] to Cone 

14 [Approx. 2530°F]  
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Moldmaking Terminology 

MODEL. The original form in clay plaster wood plastic metal or other material 

from which a mold is made 

ABSORPTION – the principle, which makes slip casting possible, the porous 

plaster mold absorbs the water in the slip leaving a clay shell 

COTTLE – retaining form built around clayed in prototype in which mixed plaster 

is to be poured forming a section of a mold. 

RELEASE AGENT –Any agent, usually a liquid that aids in an object’s release 

from another object [Murphy’s Oil Soap is commonly used for plaster molds in 

ceramics] 

PLASTER – a white powder prepared from gypsum, which become dense 

absorbent mass when added to water. In ceramics plaster of Paris or pottery 

plaster #1 are used for Slipcasting molds or press molds 

MOLD – any form that can be used to shape fluid or plastic substances 

In ceramics usually the negative form from which pottery or sculpture can be cast 

by pouring or pressing methods either liquid slip or damp clay 

Molds can be made in one piece or multiple sections 

DRAIN CAST MOLD – slip casting mold, which is drained of excess slip after a 

fixed time period producing hollow casts 
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UNDERCUT – a negative space in a solid form creating an overhang. Casting a 

form with undercutting requires a multipart mold in order to release the mold from 

the cast  

PIECE MOLD – [multi-part mold- a mold for casting that is made in section so 

that it can be removed easily from the cast object without distortion. Generally 

used to cast an object that has undercuts and therefore cannot be removed from 

a one-piece mold  

KEYS – male and female reliefs usually round between mold sections, aiding 

their fit preventing slippage and require the mold sections to be reassembled in 

the same relation to each other 

POURING SPOUT  - opening in a mold usually at the top in use into which the 

clay slip is poured.  

(Hamer & Hamer, 2004); Britt, 2014 #8; Burleson, 2001 #6]
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CHAPTER I 

INTRODUCTION 
 
 

The context of this study is a two-part design investigation in 3D pattern 

tessellation and the processes of digital and traditional fabrication [as it relates to 

the production of digitally designed functional forms for ceramics]. The study 

applies digital fabrication methods in both design conception and construction. 

3D modeling and 3D printing is employed in conjunction with traditional mold 

making and slipcasting techniques to produce the functional ceramic vessels. 

The design investigation methodology consisting of precedent, material, and craft 

studies led to the creation of a set of fabrication processes merging the two craft 

fields. The proposed outcome of this design thesis was to produce a collection of 

product designs composed of structurally integrated patterns for functional 

ceramic forms that are influenced and facilitated through technology.  

This study details and analyzes design theories, methodologies, 

technologies, and craftsmanship techniques throughout the development and 

production of the product designs. This research is guided by digital craft theory 

and craft techniques to decipher innovative processes to which different 

disciplines of design methodologies, materials, and manufacturing influence, 

advance, and contribute to the other. Diverse conceptual and fabrication 
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opportunities exist in the research and experimentation with digital fabrication 

techniques and tooling. [3D modeling, rapid prototyping, 3D printing, a laser 

cutter, CNC, etc.] As an ever-evolving and fast growing discipline, the capabilities 

of digital fabrication are significant to the design field. Not only through the 

unexplored design and production capabilities within the digital medium itself, but 

also in the collaboration of digital fabrication processes with standard/traditional 

industry methods of machinery and manufacturing in product design.  

I applied the theory of digital craft in regards to product design, through 

conceptualization, iteration, and production. The methodology of this research 

predominantly explores pattern manipulation and initial form creation by way of 

3D modeling and 3D printing. Traditional craft and mass production techniques 

were explored to allow for the beneficial qualities of one field [traditional craft] to 

supplement the potential limitations of the other [digital fabrication] and vice 

versa. 
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CHAPTER II 

LITERATURE REVIEW AND PRECEDENT STUDY 
 
 

I utilized influential theories, design precedents, methodologies, and 

fabrication processes as a framework for my design exploration. A compilation of 

literature documenting digital craft theory and perception theory are examined 

and analyzed throughout the Literature Review, Methodology, and Analysis 

Chapters. These theories are further analyzed in context with the resulting final 

product designs. Each precedent study is detailed by their original research 

components and their correlation to my thesis design research.  

Theories  

Digital Craft | Neri Oxman 

David Pye, craft theorist, states that technology is “the study and 

extension of technique”. (Pye, 1978) Digital Craft is an emerging field and design 

method, which promotes the creation of novel structural systems through 

processes of digital fabrication and assembly  .  Noted Digital Craft Theorist Neri 

Oxman details this field as: 

  
An inquiry into digital simulation of physical material properties as design 
generators. Design by virtue of its very nature is largely dominated by 
formal exploration. Its physical manifestation however is fundamentally 
perceived by way of implementation and deemed reductive and/or limited 
as far as generative design methods are considered. The rapid 
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development of digital - design fabrication methods and ubiquitous 
computing challenge such convenient truths promoting design that is 
informed by fabrication [as opposed to simply being formed by 
it]…“Technique denotes a specific approach for accomplishing a given 
task or function by way of perceiving and putting into use material integrity 
and processing methods... the paper classifies three forms of fabrication-
informed production processes in which the notion of craft is manifested 
through material selection, fabrication method, and assembly logic...  
- Material based design computation theory. (Neri Oxman, 2007) 

   
 
Design Perception | Ernst Gombrich 

  Perception is defined as the process by which someone becomes 

cognizant through the use of the senses. Ernst Gombrich’s research details the 

importance of pattern by detailing the adverse perception of identical/expected 

elements in design. Gombrich explicitly notes the  boredom that monotony 

creates, stating that when the expected happens, awareness of an object/image 

declines. Gombrich also discusses the contrary practice, where as, monotony 

makes something difficult to focus upon, a surplus of novelty will overload one’s 

system, causing the viewer to give up trying to understand the object.  

Gombrich states that interesting design must have a  variety of elements 

without identical overindulgence of any singular aspect to allow for the viewer to 

reconstruct, contemplate, and enjoy the unity in the complexity without being 

overwhelmed. “The monotony may fail to register while the intricate may 

confuse.” Gombrich also notes that there are a variety of effects an image or 

pattern can have on an individual simply by varying small characteristics, such as 
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color, enlarging or reducing a pattern [scale], the pattern’s familiarity to the 

viewer, and taste, [the latter being the most subjective]. Gombrich expresses that 

the same principles for effective perception of visual patterns also goes for their 

production. [Gombrich, E. [1984] The Sense of Order: A Study in the Psychology 

of Decorative Art, 2nd ed. Ithaca, New York: Cornell University Press] 

I utilized Gombrich’s perception theory and guidelines throughout the 

design and production process of my products to regularly examine and balance 

the exploration’s parameters and results. I applied Gombrich’s theory in the 

conceptual development process, to act as a system of checks and balances, in 

regards to the visual complexities of the pattern design. I placed particular 

emphasis on the design’s perception during the pattern’s creation, adaptation, 

and structural application. As I created surfaces, which feature a visual 

complexity, I saw a need for constant reflection on the design aesthetics to 

restrain or iterate the imagery created in order to avoid the negative aspects of 

pattern perception. The analytical study of perception was applied to this design 

investigation in an effort to assure conscious thought in creating well-balanced 

aesthetics.  The intent of the perceptual analysis was to ensure that the resulting 

designs and their fabrication process would not be hindered by a confusing 

overuse of complexity.  
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Process 

Digital Fabrication 

Digital design software allows for many product designs to be 

conceptualized, created, altered, tested digitally, produced rapidly, and viewed in 

in three-dimension throughout the design and production process. Digital design 

can facilitate advancements in the designer’s time management, visual 

communication to clients, schematic design, and production processes. 

Technology-based design and fabrication methods can also be an important tool 

in the advancement of contemporary form, composition, and production 

capabilities.  

Technology facilitated production allows the designer to explore forms and 

materials beyond the designer’s current individual hand craftsmanship skills. For 

example a designer who has never worked in plastics, brass, stainless steel, etc., 

through 3D printing, can now produce prototypes and products in a variety of 

materials that they previously may not have had any training, education, or 

experience amongst. The designer would need to be well versed, have 

experience, or trained in CAD design and follow the computational design 

guidelines for whichever material the end product is intended to be produced. 

[For detailed Design Guidelines for 3D Printed Ceramics [via Shapeways] See 

pp. 163.] 
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Matter, (Borden & Meredith, 2012), illustrates a series of design case 

studies that explore a variety of digital fabrication processes.  The projects are 

conducted by an assortment of individuals, schools, and design companies 

across the globe. Each study applied different mediums of digital craft technology 

and methodologies to explore construction, computing methodology, form 

composition, and aesthetic possibilities. Projects range from architectural 

installations and structures to product design. One of the major design 

implications throughout these case studies, as identified by the numerous 

designers and authors, was the importance of rapid prototyping and the benefits 

of trial, error, and documentation whilst exploring construction methods, new 

technology, and material/fabrication methods. 

The case studies all explored methodologies that utilize digital 

technologies to create new products. Their goal was to explore virtual design and 

computing-based fabrication methods and techniques to understand and 

progress innovation [through technology] in the design field. The fabrication 

mediums explored in these studies illustrate how the technology employed, 

masters geometry in the virtual realm allowing complex ideas to come to physical 

fruition. The author notes technology’s relation with design allows, “complexities, 

efficiencies, and predictabilities” previously impossible.” (Borden & Meredith, 

2012) 
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From graduate students to design firms, Matter details several diverse 

design investigations into computing processes to create novel forms and 

structures. Each study investigates material properties, fabrication methods, 

digital iterations, prototyping, and proposed user interaction [visual, auditory, or 

tactile] as guiding factors to the way the material and processes were explored. 

Each study has different limitations ranging from material scope, specific 

research, time frame, budget, sensory experiences, computing method, and 

design methodology. Many of these studies’ goals are to establish a basis for 

future research. 

Flash, one of the companies studied, limits their research projects to a 

targeted exploration with a constant time limit of three months and budget of 

$1,000 to test their design ideas through full-scale functioning prototypes. Flash’s 

goal through rapid research is to intensely explore multiple materials and 

methodologies in architectural production and document their research findings 

and fabrication process to be available for future individuals to build upon in more 

detail. Flash states that their goal is, “ not to produce a single refined design but 

to record new experiments and identify paths for future research”. (Borden & 

Meredith, 2012) 

Matter’s case studies strive to expand upon the current understanding of 

design through technology by material choice and exploration. They recorded 

experiences and methodologies to expand the potential for all their explorations 
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to be continued or advanced further. Matter’s research explorations laid the 

blueprints for how I decided to explore digital fabrication for my design research. I 

utilized computational exploration, rapid prototyping, detailed material, and craft 

studies to establish a process for creating my own original pattern designs and 

forms for research and product production. Throughout the research and 

exploration phase of my design investigation I utilized 3D modeling and rapid 

prototyping [via 3D printing in multiple methods and ceramic materials] to explore 

my own set of computational design drivers to assess form, stability, and 

functional usage. I also completed an in-depth material study in ceramics to 

understand the material’s varied properties, traits, function, crafting, production, 

and finishing techniques. This was done in order to produce product designs that 

respond to the material’s intrinsic properties.  

Precedents 

Pattern | Ron Resch 

Ron Resch began a study into pattern development in 1961 by examining 

randomly wadded paper. His goal was to comprehend the un-intentional folding 

and patterns, which transpired. Resch established two limitations to his study. 

The first was that only folding of the flat sheet of paper was allowed [Cutting or 

gluing alterations to the flat sheet was not permitted.] The second limitation was 

that the folded edges were required to be straight-line segments without curves. 
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Figure 1. Ron Resch’s Pattern Exploration 
 

These experiments led to a further study of several of the random 

patterns, which transpired from the wadded paper. (Resch) 

 

 

Figure 2. Resch's Folded Paper [Left] Figure 3. Resch’s Architectural 
Installation [Right] 
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Resch’s pattern, material, and structural explorations gave precedence to 

how the design explorations of this thesis were adapted from conceptual two-

dimension patterns to physical products. I utilized 3D modeling with Rhinoceros 

CAD software to create original 2D visual patterns. The 2D patterns were then 

analyzed, interpreted, and manipulated into 3D surfaces to create the structural 

support, surfaces, exterior façade, and the design features in the collection of 

products designed. 

Digital Fabrication | Precedents 
 
 

 

Figure 4. The Prince Chair By Louise Campbell 
 
 

Louise Campbell designed “The Prince Chair”, pictured above 

(Campbell), for an invitational competition held by The Crown Prince of 

Denmark. The chair is constructed of Powder Coated Laser-cut Steel [frame] 

and water cut neoprene soft rubber felt [seat]. This chair is notable for its 
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interesting use of pattern, positive and negative space, construction medium, 

and visually permeable yet solid structure. The Prince Chair is an example of 

a laser cut, digitally fabricated furniture product. The Prince Chair precedent 

influenced my utilization of Rhinoceros 3D modeling CAD software to experiment 

with patterns and visual intricacy within my designs. Through the use of my own 

version of computational pattern tessellation, I was able to create digital designs 

for functional forms. These forms were composed of patterned configurations of 

3D surfaces derived from my own Neoclassical inspired 2D pattern designs.  

Exhibit Design | Digital Fabrication + Traditional Craft 

  

 

 Figure 5. Digital Rendering Of Larger Than Life Exhibit  
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The decision to incorporate hand craftsmanship techniques with digital 

technology came from my experience and reflection from my digital fabrication 

studio where we constructed the “Larger Than Life Exhibit”. With the Larger Than 

Life Exhibit, we utilized digital fabrication for form and topography ideation, 

sketches and renderings, client proposals, and initial structure manufacturing 

through CNC milling. 

  

 

Figure 6. Scaled Model Of Larger Than Life Exhibit Design  
 

Although many of the larger elements and joints were created with digital 

precision through 3D modeling and the CNC, the final tangible exhibit was a 

lengthy collaborative effort consisting of digital fabrication and hand 

craftsmanship [to assemble the. rib support system, bending wood, sanding, 
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bondo-ing joints, and painting]. Traditional craftsmanship practices were 

necessary to independently address construction and assembly issues. 

  

 

Figure 7. Photo Of Actual Larger Than Life Exhibit Design 
 

This experience illustrated counter balance between the precision and assistance 

of digital fabrication and the skill, knowledge, and application of hand 

craftsmanship. Further design, build, and process details can be located in 

Appendix C, pp. 145. 
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Traditional Craft Techniques | Casting 

The following casting precedents detail the processes by which products 

can be replicated and mass-produced. I utilized the research and findings from 

these projects to guide my initial experiments with mold making and slip casting 

for 3D printed forms.  

Resin Casting | Faceture By Phil Cuttance 

  

 

 Figure 8. Faceture Vases, by Phil Cuttance  
  
 

The Faceture line consists of a table, light shades, and faceted vessels. Faceture 

vases are produced by casting a water-based resin into a handmade mold. Each 

mold is constructed with a thin plastic sheet [0.5mm thick] that is hand scored 

and folded to create a faceted vessel that can be manually manipulated to derive 

subtle variations in each vase produced. Next the casting resin is slowly poured 

and rolled around in the hollow mold, by way of the casting jig, which allows for 
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the resin to swathe the sides and solidify. This creates the outer shell of the 

Faceture vases, which is then filled again with a different color resin. Once the 

piece has set, the mold is peeled away to reveal crisp geometric angles; the mold 

can then be cleaned and reused. (Cuttance) As I intended to design geometric 

pattern driven forms, this precedent influenced the research into slipcasting as a 

fabrication process. The set of production steps in the fabrication of the Faceture 

Vases, led to the understanding of my own casting techniques for my ceramic 

vessels.  

Slipcasting | Internship: Haand, Graham, NC  

   

 

Figure 9. Slipcasting – Haand 
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HAAND is a Porcelain Design Studio and Manufacturing Company located 

in Graham, North Carolina. I interned for HAAND as a mold making and 

slipcasting apprentice. During my internship I learned several production 

techniques, skills, and processes, which affected my own designs and 

craftsmanship approaches. Some of the influential techniques that I went on to 

apply to my thesis design production for mold making include: adding a reservoir 

rim to the mold, sanding and polishing the mold pre-casting. The slipcasting and 

production techniques I applied were set casting times, a specific order and 

process for draining slip from the mold, and [post final firing] polishing the 

glazeware pieces. 

The reservoir [See Figure 49, pp. 110] creates a flat surface to easily trim 

excess clay to create an even, neat, level rim to the cast piece. When cleaning 

and polishing a newly made plaster mold, I would first fill the interior of the mold 

with water; then using wet/dry sand paper I gently sand out build lines or 

imperfection from the newly poured mold. This must be done delicately in order 

to not alter or deteriorate the facets or form of the design within the mold. I would 

then polish the interior by filling the mold with water and white vinegar while 

gently rubbing the mold’s interior with a mesh sponge. This gently removes any 

remaining debris and gives a subtle sanding, smoothing, and polish to the plaster 

mold. The remaining water is dumped and the mold is to completely dry out prior 

to casting. 
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Slip casting techniques that I learned included casting for set times [to 

attain a series of casts with the same wall thickness]. Another technique 

employed a process for attaining a neat interior cast through draining slip from 

molds at an angle. After the designated casting time had passed, I would slowly 

drain the slip from the mold by gently rotating the mold to an angle [about 45 

degrees] to allow the slip to drain from the cast piece evenly, leaving a neat 

interior. I would then place the mold on the casting table without moving the piece 

from the angle it was dumped. Utilizing the casting table I would allow the mold to 

sit at this angle, until the slip no longer drips and the interior of the mold has a 

matte appearance. This process can be seen in Figure 39, pp. 94.  

A post firing technique that I learned was how to make a surface scratch 

resistant. After the vessels have been glaze fired, I would polish each bottom with 

a diamond pad [typically used in glass making] to remove any rough spots in the 

unglazed surface at the bottom of each piece. Diamond pad polishing the 

unglazed areas of glaze-fired vessels creates a very smooth and scratch 

resistant surface where glaze has not been applied. 

A large portion of the casting I did for HAAND were pieces, which were 

contract-manufacturing jobs for the company. A designer would send their 

design/model/prototype to the company and HAAND would make a mold and slip 

cast whatever quantity the designer would order. They offered the pieces bisque 

or glazed so the designer can either glaze their own work to their own 
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specification or the company [HAAND] can glaze the pieces. This form of 

contract manufacturing offers an increased level of designer iteration and 

influence as the company works hand in hand with the designer to create molds 

and casts which precisely represents the designer’s aesthetic goal, [from wall 

thickness, rim angles, glaze choices, etc.] to create a piece that represents the 

designers sensibility, and desired quality.  

Pattern Design Driver | The Neoclassic Period [1760-1789] 

The interiors and furnishings of the Neoclassic period, feature architectural 

influences and detail work resembling classical motifs and proportions from 

ancient Greece and Rome. The excavations of Herculean [1738] and Pompeii 

[1748] prompted the period’s renewed interest in antiquity. Neoclassicism was 

also a style response to the lavish excesses in applied ornamentation, scale, 

asymmetry and flamboyance of the recent Baroque and Rococo styles. 

Neoclassic furniture was in comparison, a streamlined and tailored version of 

interiors and furnishings.  Its decoration was more intrinsic in the furniture 

craftsmanship not an applied ornamentation. (Crochet & Vleck, 2004) 
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Figure 10. Baroque Interior 
 
 

The Amalienburg, of the Nymphenburg Palace 

 

Figure 11. Rococo Interior, Munich Germany (Cuvilliés)  
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Cabinet de la Méridienne of Marie-Antoinette, Château of Versailles 

 

Figure 12. Neoclassic Interior, France, ("Cabinet de la Méridienne,") 
 

During the Neoclassic period, craftsmen became more experienced with 

finer woods, marquetry, inlay, and veneering while also focusing on comfort and 

quality craftsmanship. Neoclassic furniture was crafted to be delicate, light, 

graceful, and ornamented with tasteful restraint. Neoclassic design features 

expressed geometry and geometrical shapes through patterns, angles, rectilinear 

forms, clean lines, symmetry, circles, arcs, and subtle serpentine curves.  
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Figure 13. Neoclassic Ceiling, England ("Robert Adam: Neo-Classical Architect 
and Designer,") 

  
 

These details can be seen in Neoclassic wall paneling, mirrors, flooring, doors, 

ceilings, and mantles. (Pile, 2009) For additional influential Neoclassic 

precedents and illustrations, see Appendix B, pp. 143.  

During the Neoclassic period architecture and interiors streamlined 

themselves from the curvilinear and feminine style of the Rococo period. [See 

Figure 11].  Interiors evolved profoundly from curvilinear forms into symmetrical, 

geometrical forms. The delicacy and scale of Rococo furnishings remained but 

the shape, style, and motifs of the furniture found new inspiration from ancient 

Greek and Roman architecture. Neoclassic design principles such as 

mathematics, geometry, symmetry, proportion, scale, and restraint in applied 
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ornamentation became the foundation for the guiding principles for the collection 

of thesis designs. 

One of the significant architectural precedents researched was Fonthill 

Abbey, which was located in Wiltshire England.  

  

 

Figure 14. [L] ("Fonthill Abbey. Interior 
of St. Michael's Gallery," 1823) 

Figure 15. [R] ("Fonthill Abbey. 
Specimens of the Ceilings.," 1823) 

 

  
 
The geometry, form, and execution of the ceiling’s patterned façade, illustrates 

an ornate yet structurally integrated application of pattern, as opposed to a flat 

applied execution of pattern. Similar to the ceiling of the Fonthill Abbey, [see 

Figure 14], I adapted my 2D patterns to three-dimensional structural forms 

entwined as a decorative facade within the forms. 
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CHAPTER III 

METHODOLOGY 
 
 

The proposed outcome of this thesis culminates in the fabrication of a 

limited collection of products, which utilize pattern, the digital discipline, and 

traditional craftsmanship techniques. The thesis designs were developed while 

simultaneously experimenting with 3D printable materials suitable for user-

friendly replication.  The context of the study began with an original 2D pattern 

design that would evolve from its flat visual language through digital integration. 

This process created three-dimension pattern adapted forms for functional 

products. This research exploration was conceived in an effort to yield a design 

process and forms for interior products that can be digitally iterated, crafted and 

creatively reproduced to expand beyond the limitations of digital fabrication. This 

studies’ methodology encompasses multiple fields of design, specifically product 

design in: pottery, plastics, glass, and woodworking. These fields were 

researched to understand traditional and digital fabrication’s role and potential for 

form and functional application through material choice and fabrication method.  

Methods 

I utilized experimental research and collaborative design techniques, by 

simultaneously conducting my fabrication process investigation while designing
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within the field I was studying [ceramics: traditional and digital production]. This 

design thesis yields an iterative exploratory process and descriptive fabrication 

findings from the design investigation conducted. The iterative and final designs, 

research exploration’s process, findings, and outcomes are detailed throughout 

the subsequent chapters. Each final design’s process is transcribed, illustrated, 

and photographed for research documentation and findings. Documented 

aspects of this study consist of: the positive and negative results of the 

processes’ investigation, current status of exploration, potential future research 

directions, limitations and advancements. The diagram below illustrates the 

design investigation’s research and design process stages. 

 
Diagram 1. Design Investigation Process Stages  

 
 
 
The products produced are related through design inspiration, digital 

fabrication modeling technique, material choice, and fabrication method. 

Additional limitations to this study include: the extent, which is limited to interior 
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residential products, the digital fabrication mediums readily available to UNCG 

students [3D modeling software, laser cutter, 3D printer, CNC], and the scale that 

the 3D technologies available permit one to work within [bounding box limitations, 

size, and volume constraints]. One decision made after the iterative development 

and exploration was to only utilize a limited number of the initial fabrication 

techniques explored. [Eliminating other available digital fabrication tools, such as: 

the laser cutter and CNC].  

The duration of the exploration and production research was conducted 

within 3 years, in Greensboro, NC, United States. The initial facility and 

production limitations include the construction facilities and materials available at 

UNCG’s digital lab: CAM Studio [Computer Aided Machines], woodshop, and 

ceramic studio, and an outsourced 3D printing company: Shapeways 

[www.shapeways.com]. Towards the end of my study I also produced molds and 

high fire porcelain castings at HAAND, a commercial porcelain-manufacturing 

studio in Graham, NC where I completed my internship.  

Referring back to Perception Theory principles, Gombrich notes, “The 

most basic fact of the aesthetic experience, is the fact that delight lies 

somewhere between boredom and confusion”. I utilized Gombrich’s theory as a 

design restraint and driver, by constantly analyzing and iterating the pattern 

design and product forms. This was done in an effort to create and maintain a 

balanced and refined visual language. During the conceptualization phase, I 
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varied digital design elements to create visual effects within the pattern 

development, exploration, and design.  

During the production phase, I experimented with different clay bodies, 

casting slips, colorants, glazes, casting techniques, and casting times to arrive at 

numerous aesthetic variations of the designed forms. I experimented with casting 

in a low-fire, mid-range, and high-fire clay body. Each clay body has different 

shrinkage and absorption rates. Resulting in scale and thickness variations of 

each resulting cast [per clay body] although created in the same mold. I also 

experimented with different and consistent casting times, to explore varied wall 

thicknesses and creating matching collection pieces. The wall thickness changes 

the overall aesthetics of the vessels’ visual and tangible weight and tactile 

experience.  

Approach 

Pattern Exploration 

The term “Pattern” can be characterized in multiple ways to detail its 

diverse uses: [1] as a form or model proposed for imitation, [2] as something 

designed or used as a model for making things, [3] as an artistic, musical, 

literary, or mechanical design or form, and [4] a natural or chance configuration. 

These characterizations of pattern, as an ensemble encompass the methodology 

and intent for this design investigation.  
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I utilized technology to evolve and generate my own formula [process] for 

transforming original 2D patterns to 3D forms [for functional adaptation] 

”emulating” the elements and detail-work of the original 2D pattern. 

Thesis Design Research: Exploration Synopsis 

This design thesis explores innovative product development processes to 

produce visually intricate yet functional products. The design investigation 

intentionally attempts to overlap the fields of Art and Design to develop a body of 

work, which lies amongst both categories. Throughout my graduate studies I 

undertook several independent studies exploring material and craft research, 

encompassing digital fabrication and traditional craft techniques. Beginning with 

ceramics I gained experience in hand-building, wheel throwing, mold making and 

slipcasting. I also participated in a wood turning and furniture design and 

construction course, a digital fabrication studio, and an internship at a ceramic 

manufacturing company.  Relevant techniques, skills, designs, and practices 

from these research, craft, and material studies can be found in greater depth in 

Appendix C. See pp. 145. 

Thesis Design Drivers: Correlational Influences 

Neoclassism – Digital Fabrication 

The nature of the pattern design was initiated by three corresponding 

components: Neoclassic interiors and furnishings, Digital Craft, and Ceramic 

Materiality. Neoclassic furniture and interiors were initially examined and 
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analyzed to establish the stylistic guiding principles and precedents from which 

the design would be influenced. As mentioned in the Literature Review, 

Neoclassic interiors feature a strong sense of symmetry, geometry, scale, and 

proportions. This interprets and interacts with digital fabrication by its ability to 

process and create geometry, establish features with precision, finite accuracy, 

and its ability to facilitate quick reproduction of products.  

Digital Fabrication – Ceramic Materiality 

Digital fabrication processes, such as 3D printing, can be easily ran over 

and over again, to create precise replicas of the same complex forms in 

comparatively less time and physical effort than its human counterpart. The 

digital discipline’s rapid form creation parallels ceramic slipcasting processes, 

which facilitates simple and quick object replication through the creation of a 

mold. When mass-producing ceramics, slipcasting utilizes plaster molds to 

produce replicas of an original object quickly with decreased labor times, as 

opposed to the same object being hand-built to precise specifications. Slipcasting 

within ceramics can establish detailed and intricate surfaces, individual elements, 

and connections, with great accuracy. 



 
 

 

30 

Diagram 2. Design Driver Correlation Diagram 

 
  
  

Ceramic Production Methodology 

Unfortunately, for each 3D print, there is currently a substantial cost per 

print with no discounts for multiple, bulk, or wholesale orders. Slipcasting allows 

the designer/fabricator to lower production costs by utilizing the upfront expense 

of 3D printing solely for the initial prototype of the casting model. This method 

allows the designer to generate copies of the 3D form at a dramatically lower cost 

verse 3D printing ceramic multiples for mass production. Each cast will be unique 

consisting of a handmade quality due to the each vessel’s response to the 

human interaction through the mold making, casting, cleanup, and glazing, 

processes. The relationship between pattern, digital craft, and ceramics, 

determined how this design investigation evolved from the conceptual process to 

fabrication method and to the end products and designs. Diagram 3. expands 

upon the processes of this design investigation.  
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Diagram 3. Exploration Methodology Synopsis

 

    
Pattern Design: Research and Form Exploration 

After researching Neoclassic Interiors and Furnishings, I began to create 

my own original patterns influenced by the period’s prominent style elements: 

symmetry, geometry, delicate scale, proportions, and restraint in applied 

ornamentation. Through digital manipulation, I created my own original patterns; I 

then analyzed the pattern, dissecting it for design features, proportions, and 

rotation points. Next, I digitally manipulated the patterns to create the perimeter 
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boundaries, angles, and aesthetic qualities of the derived form. See Diagram 4, 

pp. 34. I then began to explore 3D printing as the construction medium to unearth 

the most appropriate approach to take the object from the digital realm to the 

physical. 

After the resulting base pattern was designed, I looked at different 

formations within the base pattern for establishing the shape, perimeters, and 

angles from which the different vessels could evolve. While working with the 3D 

printer, the objects designed were subject to several design guidelines and 

limitations in regards to the product’s overall size and wall thickness of each 

prototype. With the campus, Z Corp Gypsum 3D printer, scale was a very 

important factor and design limiation. The printer’s bed size is limited to 8” by 8” 

by 10”. With these factors in mind I began to design and prototype, tabletop sized 

functional products for interiors.  

As clay was also available as a 3D printable material, [from an outsourced 

3D printing company]; I 3D printed some of the thesis designs directly into clay. 

This method also had guidelines and limitations based upon the ceramic 3D 

printer’s specific manufacturing process. The size of the printer bed, required wall 

thicknesses, and bounding box size restrictions were the chief limitations of the 

ceramic 3D printer. Also, 3D-printed ceramics arrive glazed and are currently not 

sold or produced where they can be shipped in an unglazed state. The limitations 

of the ceramic 3D printer are thoroughly detailed in the Analysis Chapter, pp. 99. 
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The following diagrams represent the pattern tessellation process for the 

eight thesis designs detailed throughout this research. The diagrams illustrate the 

digital manipulation process from the original 2D pattern to the three-dimensional 

forms that were 3D printed.  

Pattern Tessellation Process Diagrams 

Thesis Collection: Geometry and Symmetry 

A – D: Initial Pattern Tessellation Diagram, pp. 34 

A. Shallow Bowl, pp. 35 

B. Deep Bowl, pp. 36 

C. Wide Bowl, pp. 37 

D. Inverted Bowl, pp. 38 

Thesis Collection: Proportion and Scale 

E – H: Initial Pattern Tessellation Diagram, pp. 40 and 41 

E. Candelabra, pp. 42 

F. Vase, pp. 43 

G. Dessert Plate, pp.  44 

H. Cake Stand, pp. 45 
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  Diagram 4. i - Initial Pattern Tessellation [Designs A - D] 
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Diagram 5. A.1 Pattern Tesselation - Design A 

 

NOTES: Each Design [A-D] 
Shares the same Pattern 
Tesselation Steps from Diagram 
i. [1-10]. Additional Illustrations 
and Dimensioned Construction 
Drawings for Design A can be 
Found in CH 8. Diagram A.2
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Diagram 6. B.1 Pattern Tesselation - Design B 

 

NOTES: Each Design [A-D] 
Shares the same Pattern 
Tesselation Steps from Diagram 
i. [1-10]. Additional Illustrations 
and Dimensioned Construction 
Drawings for Design B can be 
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Fig. 15 B
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Fig. 18 B
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Diagram 7. C.1 Pattern Tesselation – Design C 

 

DESIGN

DRAWN BY

DIAGRAM
C

ASHLEY D. DALE
C.1

KEY: The color key depicts the 
action occurring or pattern line’s 
purpose throughout the pattern 
to product manipulation process.
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Fig. 12 C
Defining Tesselation & 

Rotation Points

Fig. 13 C
Tesselating Pattern 

Lines
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NOTES: Each Design [A-D] 
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and Dimensioned Construction 
Drawings for Design D can be 
Found in CH 8. Diagram C.2
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Diagram 8. D.1 Pattern Tesselation Diagram - Design D 

 

NOTES: Each Design [A-D] 
Shares the same Pattern 
Tesselation Steps from Diagram 
i. [1-10]. Additional Illustrations 
and Dimensioned Construction 
Drawings for Design D can be 
Found in CH 8. Diagram D.2

DESIGN

DRAWN BY

DIAGRAM
D

ASHLEY D. DALE
D.1

KEY: The color key depicts the 
action occurring or pattern line’s 
purpose throughout the pattern 
to product manipulation process.
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Thesis Collection: Proportion And Scale 

Taking inspiration from Neoclassic furnishings and interior elements, I 

designed the later half of the thesis’ product collection to focus on scale and 

proportion. With these vessels, I experimented with the resulting base pattern to 

create multiple forms for products by varying the form’s façade and resulting 

function. This was accomplished by only manipulating scale and proportion 

parameters while maintaining the same design features and perimeter pattern.  

Similar to the collection Geometry and Symmetry’s pattern manipulation, I 

analyzed a selection of the original pattern for elements to use as my base 

pattern lines. I then eliminated excessive interior components and manipulated 

digital angles. I arrived at two closed pattern lines, which became the top and 

bottom coordinates for all of the proportions throughout each form. I then derived 

a digital pattern method for connecting these two lines to create patterned 

surfaces that would generate visual and tactile smooth, defined angles.  

Once this patterned connection was created and tested through 3D printed 

prototypes, I analyzed the proportions of “classic” functional decorative products. 

I examined crystal cake stands, candelabras, dinnerware, and other serveware. I 

based the proportions of my designs upon the similarities of the mathematical 

design ratios, proportions, scale, and aesthetic relations of these “traditional” 

functional products. The ensuing diagrams illustrate the digital pattern’s initial 

refinement process, surface creation, and proportion to form adaptation. 
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Diagram 9. ii - Initial Pattern Tesselation [Designs E – H], 1 of 2
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KEY: The color key depicts the 
action occurring or pattern line’s 
purpose throughout the pattern 
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Fig. 10  [ E - H ]
Resulting Pattern Line

KEY



 
 

 

41 

Diagram 10. iii - Initial Pattern Tesselation, [Designs E – H], 2 of 2 
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Notes: The color key depicts the 
action occurring or pattern line’s 
purpose throughout the pattern 
to product manipulation process.
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 Diagram 11. E.1 Pattern Tesselation - Design E  

 

NOTES: Each Design [E - H] 
Shares the same Pattern 
Tesselation Steps from Diagram 
i [1-10] & ii. [1-11] . Additional 
Illustrations and Dimensioned 
Construction Drawings for 
Design E can be Found in CH 8. 
Diagram E.2

DESIGN

DRAWN BY

DIAGRAM
E

ASHLEY D. DALE
E.1

KEY: The color key depicts the 
action occurring or pattern line’s 
purpose throughout the pattern 
to product manipulation process.
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Diagram 12.  F.1 Pattern Tesselation - Design F 

 

NOTES: Each Design [E - H] 
Shares the same Pattern 
Tesselation Steps from Diagram 
i [1-10] & ii. [1-11] . Additional 
Illustrations and Dimensioned 
Construction Drawings for 
Design E can be Found in CH 8. 
Diagram F.2
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DRAWN BY

DIAGRAM
F

ASHLEY D. DALE
F.1

Notes: The color key depicts the 
action occurring or pattern line’s 
purpose throughout the pattern 
to product manipulation process.
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Diagram 13. G.1 Pattern Tesselation - Design G 

 

NOTES: Each Design [E - H] 
Shares the same Pattern 
Tesselation Steps from Diagram 
i [1-10] & ii. [1-11] . Additional 
Illustrations and Dimensioned 
Construction Drawings for 
Design E can be Found in CH 8. 
Diagram G.2
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Notes: The color key depicts the 
action occurring or pattern line’s 
purpose throughout the pattern 
to product manipulation process.
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Diagram 14. H.1 Pattern Tesselation - Design H 

 

NOTES: Each Design [E - H] 
Shares the same Pattern 
Tesselation Steps from Diagram 
i [1-10] & ii. [1-11] . Additional 
Illustrations and Dimensioned 
Construction Drawings for 
Design E can be Found in CH 8. 
Diagram H.2, H.3, & H.4
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DIAGRAM
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Notes: The color key depicts the 
action occurring or pattern line’s 
purpose throughout the pattern 
to product manipulation process.
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CHAPTER IV 

PROTOTYPES AND ITERATIONS 
 
 
 Initially I explored multiple digital fabrication methods to produce 

prototypes throughout the fabrication exploration. In the earlier stages of this 

design investigation, I experimented with the notion of creating mid to large-scale 

products utilizing the CNC to produce models for casting. I constructed a couple 

full-scale sketch models/prototypes of one of the original large-scale forms. The 

first two prototypes were laser cut chipboard and laser cut cardboard. 

  

 

Figure 16. 1st Sketch Model, Laser 
Cut Chipboard [Left] 

Figure 17.  2nd Prototype, Laser Cut 
Cardboard [Right] 

 

 
 
The first quick sketch model [depicted on the left in Figure 16] was 

composed of Laser Cut Chipboard assembled with twine. The preliminary 
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prototypes were crafted full-scale to move the design from the digital world to the 

physical by thoroughly examining the proposed form to see if any adjustments 

should be made to the digital file prior to producing a more refined prototype. The 

following iterative prototype [depicted on the right in Figure 17] was also 

constructed at full scale, with laser cut cardboard and assembled underneath 

with tape. The cardboard represented the angles of the form better than the 

chipboard due to the denser material. However, the second prototype did not 

accurately represent the curves in the form due to the stiff nature of the material.   

 

 

Figure 18. 2nd Prototype, Sealed For Casting 
  
 
I began a practice production test by creating a mold from the cardboard 

prototype. I sealed the cardboard with duct tape to create a smooth castable 

surface [See Figure 18]. I then mixed roughly 75lbs of dry plaster with water and 

poured a large one-part mold pictured in Figure 19. 
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Figure 19. Plaster Mold Of 2nd Prototype 
  

The third iterative prototype was a reduced scale model. This model was 

3D printed on the Z-Corp gypsum 3D printer in UNCG’s CAM Studio. The form, 

facets, angles, and curves were most accurately represented in the 3D printed 

prototype. This prototype’s physical form was virtually identical to the digital file it 

was created from. 

 

 

Figure 20. 3rd Prototype - Gypsum 3D Print 
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After subsequent consideration of the available campus digital fabrication and 

slipcasting facilities, I decided to design smaller scaled products. Smaller scaled 

objects would make more appropriate use of the facilities I had available for 

prototyping and production.  

Once I shifted my focus to the 3D printer, I looked at the pattern 

exploration and forms I had already explored and thought about what type of 

products this process, form, and techniques would lend itself to most 

appropriately. I went on to design tabletop vessels for décor, serve-ware, and 

eating purposes to replicate through traditional techniques for ceramics’ mold 

making. The scale of these items would work well with the boundaries and 

limitations of 3D printing. Additionally by utilizing an outsourced [non-campus] 3D 

printer, I explored printing directly in a food safe material [glazed ceramic]. 

Designing at a reduced scale, [to accommodate the 3D printer bed size] 

traditional ceramic mold making/casting techniques increased the probability of a 

successful end product, replication process, and marketable endeavors. All eight 

final thesis designs are illustrated by construction drawings in Chapter V, pp. 56. 

Photographs of the actual 3D printed and slip cast ceramics are detailed in 

Chapter VIII, pp. 120. A selection of the thesis designs iterative development and 

prototypes are detailed on the following pages. 
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Thesis Collection: Geometry And Symmetry  

The shallow bowl series could be produced at several scales creating a 

variety of uses for serving small [personal serving sized] edible items such as 

nuts, sauces, dips, etc. If printed/adjusted to a larger scale, it could 

accommodate fruit or other small snack items. By also varying the scale and size 

of the prints, it is possible for these forms to nest within one another creating a 

stacking feature, which allows for compact storage. 

 

 

Figure 21. 3D Printed Ceramic - Design A: Shallow Bowls 
 
 
The final version of this design was 3D printed in ceramic through at two 

different sizes. The ceramic print of Design A is depicted in the image above and 

in Chapter VIII. 
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Figure 22. 3D Printed Gypsum - Design D - Casting Model 
 
 

 

Figure 23. 3D Printed Gypsum - Design C - Casting Model 



 
 

 

52 

 

Figure 24. Gypsum 3D Prints - Design D 
 
 
As seen in the side profile image of Figure 24, a few facades of the 

surface of the bowl did not print as a defined flat smooth angle, as they appeared 

in the design and digital file. These unintentional facets created undesirable 

undercuts, which would require a complicated multiple piece mold to execute the 

casting process properly. In the digital file, I re-defined a few of the bowl’s 

connection lines and resulting surfaces to create a more defined angular profile 

to the bowl. The changes and definition of the final file can be seen in Chapter V. 

  

 

Figure 25. 3D Printed Gypsum - Design D - Casting Mold 
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Thesis Collection: Proportion And Scale 

  

 

Figure 26. Iterative and Final 3D Printed Gypsum Casting Models- Design F 
 
 
The Vase, Design F, features the same facets as the candelabra, dessert 

plate, and cake stand. These faceted forms are all varied through perimeter, 

scale, and proportion changes only. I analyzed and measured traditional 

functional and decorative products. I adapted the mathematical proportions of the 

familiar forms while 3D modeling. Thus creating my own version of the 

proportions, which related to the functional form I was designing. The “traditional” 
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proportions allow the object’s function to be easily visually communicated to the 

viewer/user. This aid’s the functional perception and acceptance of the object 

although the vessel has a contemporary angular façade crafted by the less 

common production method of 3D printing.  

Thesis designs E – H, were designed from connecting two pattern lines 

created from the original pattern design exploration in Chapter III, pp. 33, 

[Diagrams ii, iii, E.1, F.1, G.1, H.1]. These products were designed by/for multiple 

form manipulation based on perimeter, scale, and proportion variations. The two 

lines from Diagram Ii and iii, were moved to different points in width and height 

and connected by following a set of surface lines established after exploring 

different connection possibilities. The final set, of connection lines, was decided 

by what angles created the smoothest surfaces and desired visual interest as 

intended by the Neoclassic design principles and conceptual framework 

discussed in the Methodology Chapter.
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Figure 27. Design G – 3D Printed Ceramics 
 
 
Each vessel creates its either narrow, bulbous, or shallow depth 

connection through the same set of points at different proportions. Each form’s 

variations [reconnecting and angling] only differ from distinctive start and end 

points [diameter/width] and the scale [height] of the pattern line at its placement 

within the digital model. There are a multitude of design/product variations, which 

could be established to coordinate with this collection by following the same 

design steps. Iterative exploration of the ongoing development for Design H can 

be found in Appendix F. 
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CHAPTER V  

THESIS DESIGNS 

The following pages illustrate the digital file of the products showcased 

throughout the thesis. Each of the eight product designs are dimensioned at their 

3D printing scale. For designs, which were printed to be slip cast, the dimensions 

represent the prototype scale, which is 17% larger than the intended final object. 

[Shrinkage % can vary – specific to clay body selected for casting and firing 

process.] The slip cast object size varies with this thesis exploration as three 

different clay bodies were cast in the same mold. Each clay body yielded a 

slightly different size cast specific to its shrinkage rate. Some designs were only 

3D printed in ceramic. These designs will be noted in the construction drawings 

as such. The dimensions detailed for those particular designs are that of the 

desired final object as no further casting or shrinkage is intended from those 

vessels. Photographs of all the final objects printed/crafted can be found in the 

Conclusion Chapter, pp. 120. The eight product designs are as follows:
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Diagram 15. A.2 Construction Drawings - Design A 
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Diagram 16. B.2 Construction Drawings - Design B 
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Diagram 17. C.2 Construction Drawings - Design C 
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Diagram 18. D.2 Construction Drawings - Design D 
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Diagram 19. E.2 Construction Drawings - Design E 
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Diagram 20. F.2 Construction Drawings - Design F 
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Diagram 21. G.2 Construction Drawings - Design G 
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Diagram 22. H.2 Construction Drawings - Design H 
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Diagram 23. H.3 Construction Drawings - Design H 
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Diagram 24. H.4 Construction Drawings – Design H
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CHAPTER VI 

PRINTING AND PRODUCTION 
 
 

3D Printing 

3D printing is an innovative and resourceful process for producing 

extremely accurate forms. 3D printed forms are fabricated precisely to the 

specifications in the digital file. The time investment involved in 3D printing is 

predominately in the drawing of the file, followed by the printing of the object. The 

designer must model a perfectly closed file, with no naked edges, for the 3D 

printer to read and produce the file. There are many materials in which a 3D 

printed object may be developed, which include, but are not limited to: clay, 

plastics, steel, sterling silver, castable wax [for metal casting], brass, bronze, 

platinum, gold, and plaster/sandstone/gypsum powder. For this study I explored 

3D printing processes with the end goal of developing a craft process for the 

production of digitally designed forms for ceramics. I explored two 3D printing 

prototype mediums: 3D printed Gypsum and 3D printed clay [glazed ceramic]. 

The design and fabrication exploration for these two 3D printing fabrication 

processes spanned from September 2012 to October 2014.  

The Z Corp, gypsum 3D Printer, creates a fragile prototype composed of a 

gypsum based powder and a binding agent. The object produced is not intended
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for functional or recurrent handling. For greater durability the object can be 

covered in a thin coating of a clear liquid Cyanoacrylate sealant [industrial -

instant/super glue]. This seals the material, allowing for it to be handled without 

damage. Some outsourced 3D printing companies seal the gypsum/sandstone 

print prior to shipping. Each prototype had to fit within the Z-Corp printer’s bed 

size and printing limitations 8“ [x-axis] by 8” [y-axis] by 10” [z-axis].  Other 3D 

printers, which can be accessed through various portals [such as the Internet], 

offer 3D printing in different materials. These 3D printers may have different size 

and design constraints based upon each 3D printer’s bed size, bounding box 

restraints, and material based properties in correlation with its 3D printing 

process.  

Three notable 3D printing companies, which offer 3D printing in clay, are 

Shapeways.com, Ponoko.com, and imaterilise.com. You can upload your digital 

3D printable file, which meets their “design guidelines” for the material you intend 

to print in, pay, and they will ship you your finished product. Additional 

information regarding Shapeways’ design guidelines and current research and 

development for 3D printed ceramics can be found in Appendix D, pp. 163 and 

Appendix E, pp. 166, respectively.  
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Diagram Courtesy of i.materalise.com (i.materalise) 

 

 

Figure 28. Ceramic 3D Printing Process 
 
 
Below is a descriptive account of the 3D printing process for ceramic 

printers. (Shapeways) 

  
SLS – Selective Laser Sintering. This technology was invented by Dr. Carl 
Deckard around the same time as SLA. The process is essentially fusing 
small particles in powder form together using a laser. Just below 
the powder this is a build platform, which lowers to make room for the next 
layer. A wiper redistributes the powder over the platform, and the next 
layer is fused by the laser. This technology does not need support material 
or structures. The powder functions as a support. Using SLS several types 
of plastic, metal and ceramic/sand powders can be used. 
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 Shapeways Printability Feedback 
 
 

 

Figure 29. Forms 3D Printed In Ceramics, Shapeways Rendering 
 
  
Shapeways has a 3D printing specialist verify the printability of every print 

prior to processing the print job. If the specialist finds a printing issue they will 

email you a screenshot of their printability concerns for your object along with 

suggestions for corrections. Below is an image received from Shapeways 

discussing corrections for an early iteration of Design D. 
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Figure 30. Shapeways Printability Feedback, Design D 
   
 

Most printing issues I encountered were regarding wall thickness. Earlier 

iterations of the 3D printed ceramic forms were adapted from the 3D files for the 

Gypsum printer, which has less stringent modeling guidelines. The notes from 

the printing specialist for the above image are showing points on the 3D file, 

which do not meet the minimum wall thickness requirements for the bounding 

box size of the object. [Iterative] Design D has a material volume of 

280.5185cm3. Its oriented bounds are [cm] 16.844w x 16.848d x 5.714h. Its 

bounding box sum = 394.06mm. Since the object’s bounding box sum is between 

300 and 400 mm, the printing process requires a minimum wall thickness of 6mm 

throughout the form in the digital file. In Figure 30 points with a wall thickness 
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measurement noted by the Shapeways technician designate the specific wall 

thickness printing issues on the iterative file for of Design D.  

 

 

Figure 31. Shapeways Printability Feedback, Design H 
  
 

Above is the Shapeways printability feedback [rendering/screenshot] for 

Design H, the base for the Cake Stand. This product went through several 

iterations to adhere to 3D printed ceramic modeling guidelines and to 

accommodate the platter joint, which connects the top to the base. The first time 

this digital file was uploaded to be printed by Shapeways it was refused, as some 

of the walls did not meet the wall thickness requirements for its bounding box 

size.  
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The Shapeways Technician detailed the issue as such,  

   
We cannot print your model due to Thin Walls. Here are some details to 
help you resolve this issue. 6 mm minimum wall thickness required. 
Models with a bounding box sum [X + Y + Z] of 300 mm to 400 mm require 
a minimum wall thickness of 6 mm. Models with wall thicknesses of 7 mm 
to 8 mm [or greater] are encouraged. Thicker walls withstand warping and 
cracking. Walls 25% - 50% thicker than the minimum thickness for a given 
size are strongly encouraged. 
 
  
Once those connections were re-modeled to accommodate the wall 

thickness changes, the file was resent to Shapeways. That version also came 

back because the file needed a larger depowder/escape hole. The interior of the 

form was remodeled to allow for a larger depowder hole throughout the object. 

Once this revised file was sent off, the technician responded by saying that the 

design cannot be printed due to Geometry Printability Issues:  

We cannot print your model due to Weak Geometry. Here are some 
details to help you resolve this issue: The model has too much mass at 
each end to be supported by the middle column. The column walls should 
be made thicker 10mm is suggested In addition the column should have a 
larger diameter and less severe transition from thick to thin. The end 
features should have walls no thicker than 8mm. Lastly the central hole is 
too small. It should be 8mm – 10 mm minimum. 
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Figure 32. Shapeways Printability Feedback, Iterative Design H 
 
 
At this point, I decided not to print this design in 3D printed ceramics. To 

meet the design guidelines for a ceramic 3D printer, I would have to alter the 

design of the form greatly beyond the specifications for a platter to be combined 

within the base and the bounding box limitations for the printer. Also the escape 

hole dimensions and wall thickness requirements would detrimentally alter the 

forms proportions, profile, and aesthetics of the base. Simply, it was impossible 

to maintain the delicate proportions and dimensions of the exterior form and have 

a large enough escape hole without decreasing the wall thickness [That 
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Shapeways was suggesting to increase]. Likewise it would be impossible [if 

maintaining form’s proportions and perimeters] to attain the required wall 

thickness without decreasing the size of the escape hole at its smallest point 

[which Shapeways was suggesting to increase]. This would render the escape 

hole too small to depowder the object. Changing the exterior proportions would 

create too bulky of a form [to accommodate Shapeways’ suggestions], so I 

decided to continue exploring other methods to bring this design to fruition. This 

design has a successful 3D printed gypsum prototype [Figure 110] that can be 

sealed, to create a mold from the model to be slip cast. Different materials have 

been and will be more extensively explored for the top of the platter. See 

Appendix F for further in progress design explorations for Design H. 
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3D Printing For Moldmaking And Casting  
 
 

 

Figure 33. 3D Printing Prototype Design D 
 
 
For mold making, the casting models I used were the gypsum powder 3D 

prints. Although printing in gypsum was more affordable than printing in glazed 

ceramic, you could also make a mold from a glazed ceramic 3D print or virtually 

any product/3D printed object with a smooth non-porous surface. Each method 

has its benefits and limitations. The casting model decision should be based in 

the individual designer’s particular situation, time, facility constraints, and desired 

outcome. For the time and funding limitations of this study and desired definition, 

I utilized the campus gypsum printer, which was quicker, more affordable, 

provided greater definition, and had less stringent design guidelines.  
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Bowl [Design C]: 3D Printed: Prototypes And Mold Making 

  

 

Figure 34. 3D Printing Gypsum Model - Design C 
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The 3D print of Design C, depicted below in Figure 35, was used to create 

the Slipcasting mold for the cast objects of Design C. The 3D print, of Design D 

pictured below, was later re-printed to enhance the definition within the vessels 

facets. The mold for the cast objects of Design D, was created from the second 

full scale 3D print of this design. [Seen in Figure 25]. 

 

 

Figure 35. Post Printing Processes. Depowdering, Resin Injection, Design D 
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Moldmaking And Slipcasting Processes 

I cultivated my mold making and casting techniques during my material 

and craft studies in ceramics and during my internship at Haand. The skills which 

led to the development of my mold making and slip casting processes of 3D 

printed objects [for ceramic production] were refined under the direction of 

UNCG’s Ceramic Professor, Nikki Blair and my internship mentors Chris Pence 

and Mark Warren.  

Casting Model Preparation 

Casting objects must have a smooth, nonporous surface. [Plastic, Glass, 

Ceramic, Sealed Gypsum, Sealed Painted Wood, etc.] The mold maker should 

lightly apply a releasing agent to the object before pouring plaster in the mold 

making process.  

Mold Making 

Molds may be one or multiple parts depending on the complexities and 

undercuts in the form that the mold is modeling. The porosity of plaster results in 

absorptive properties that allow for liquid clay to become a solid duplicate of the 

plaster mold’s interior form. When mold making you must build a cottle around 

the model to contain the liquid plaster until it begins to set up. [For Multiple Piece 

Molds] Shortly after pouring the plaster, one can separate the two [or more] mold
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sections to remove the casting object as soon as possible to allow for the mold to 

dry and shrink properly.  

Slipcasting 

When clay is poured into a mold, the mold surfaces immediately begin to 

absorb water from the slip. This water passes through the plaster mold by 

capillary action, gradually reaching the outer surfaces of the mold, where it 

evaporates. (Martin & Martin, 2006) 

Synopsis Of Production Process Steps For Slipcasting A 3D Printed 

Object [For Functional Use] 

• Digital Modeling and Prototyping 

• 3D Printing 

o [If Gypsum] Sealing Print 

• Mold Making 

• Slipcasting 

o Hand building 

• Bisque Firing 

o Post Firing Finishing 

• Glaze Firing 

• Polishing Unglazed Surfaces 
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Technologies/Tools and Supplies Utilized 

3D Modeling And Printing 

• Rhinoceros, 3D Modeling Software 

• Z Corp 450 Gypsum 3D Printer 

• EZ Bond Ethyl Cyanoacrylate Instant Glue [Grade - Thin] 

Prepared Slips, Colorants, and Glazes 

• Laguna Fine Porcelain NS -125 Very White Liquid Slip 

• Mason Stains – #6020, #6376, and #6485 

• Mid - Range Clear Glaze – Laguna MS-300 Clear base 

• Additional Clay Body and Glaze Information utilized in this study can be 

found in Appendix A, pp. 140. 

Mold - Making and Slipcasting 

• USG ® No. 1 Pottery Plaster 

• Cottle Boards/Tar paper 

• C Clamps 

• Duct Tape 

• Staple Gun 

• Murphy’s Oil Soap [Release Agent] 

• Large Buckets [5 Gallon] 

• Spring Scale [Measuring Dry Materials] 

• Sur Form Tool [Mold Clean-up] 
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• Wet Dry Sand Paper 

• White Vinegar 

• Mesh Sponge 

• Power Drill 

• Hanson #002 Plunge Mixer 

• 5 ½ “ Strainer 

• Pouring Pitchers 

• Amaco #5 Banding Wheel [For post casting clean up] 

• Dry Wall Sand paper  

• Round Synthetic Sponges [2 ½” wide] 

Bisque, Glaze Firing/ Post Firing 

Skutt Electric Kiln [For Low Fire, Mid Range, and High-Fire Bisque/ Low Fire, Mid 

Range Glaze Firing] 

Bailey Gas Kiln [For High Fire Glaze Firing] 

200 Grit Electroplated Diamond Hand Pad [Polishing Pad] 
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Detailed Mold Making Process Steps 

[Photographic Illustrations follow Process Steps] 

Pre Mold-Making Steps [for 3D Printed Casting Model] 

§ Design, 3D Model Design, and 3D Print Prototype [Casting Model] 

o Remove any debris from the prototype’s surface 

o For Gypsum 3D Printed Prototypes – seal with a Cyanoacrylate 

sealant to create the smooth non porous surface 

o Lightly sand the casting model post sealing to remove any glue 

debris or prominent build lines 

Mold Making [For Round – One Part Molds]  

A. Create a reservoir rim/lip around the model with 2 layers of 3/4” foam  

B. Adhere/Screw 1 layer of foam into model’s interior 

C. Screw/adhere 2nd layer of foam to first layer of foam/casting model  

D. Build cottle. [Cottle should be at least 1-1/2 inches higher than prototype] 

E. Staple gun tar mat cottle into bottom layer of foam 

F. Duct tape tar mat cottle seams [interior] 

G. Duct Tape around cottle exterior to reinforce walls 

If Needed 

H. Fill any crevices between cottle and reservoir rim surface with w/clay rings 

I. Fill cracks or crevices in casting model with clay; smooth clay with dry 

rubber rib or similar tool – Sponge if needed 
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Mixing Plaster for Mold Making 

[Have separate mixers for clay and plaster] 

10 parts plaster to 7 parts water [# lbs. of plaster x .7 = lbs. of water]  

Allow Plaster to slake [Resting in water] about one minute prior to mixing then 

mix until plaster has thickened to pouring consistency 

Pouring Mold [For a 1-Part Mold] 

1. Apply a thin layer of a releasing agent to the prototype [Murphy’s Oil Soap] 

2. Slowly pour plaster in the cottle [pour away from casting model] 

3. Tap table to allow any air bubbles to exit plaster mold [tapping the table 

aids in air bubbles rise/float to the surface] 

4. Remove tar paper [or cottle boards] after plaster begins to set 

5. Taper/Round edges of mold with the Sur-form tool 

6. Un-screw model from reservoir rim layers to release edge 

7. Disassemble reservoir lip  [use air hose to help release pressure]  

8. Remove model object 

9. Sur-form any remaining sharp edges 

§ Plaster is solid when outputting heat [last set up stage]; Mold is moveable 

with care. New molds are at risk for cracking until it has fully dried and set. 
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For Designs with Undercuts 

Mold Making [2-part Round Molds with Reservoir Rim] See Figure 37 

§ Executed Mold Making Steps A – G [H and I, if needed] 

§ Execute Pouring Steps 1 - 4 

o Pour to a designated stopping point [Design D]  

§ 4.1 Add Keys to first half of plaster mold [Once first half of mold has begun 

to set up but is still soft enough to carve/add keys] 

§ 4.2 Rebuild cottle walls with cottle boards 

§ Repeat Pouring Steps 1 – 4 to pour 2nd half of mold 

§ Finish with Steps 5 - 9 

Mold-Making [2 part Rectilinear Mold] See Figure 38 

§ Bury half of prototype in clay 

§ Build Cottle Walls with Cottle Boards and C clamps 

§ Execute Pouring Steps 1 - 4 

§ 4.1 Add Keys to first half of plaster mold 

§ 4.2 Rebuild cottle walls with cottle boards 

§ Repeat Pouring Steps 1 – 4 to pour 2nd half of mold 

§ Finish with Steps 5 - 9 
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Cleaning, Sanding, and Polishing – [Newly Made Mold] 

§ Fill plaster mold with water, clean any clay or debris from plaster mold 

§ Refill with water and sand with wet/dry sand paper to smooth interior  

o Sand gently to not alter forms’ shape or details 

§ Dump old water/add new clean water - add vinegar, using an mesh 

sponge: lightly sand and smooth interior of mold to polish interior  

§ Rinse and allow mold to dry out - minimum 2 days 

§ These steps yield a very smooth, polished mold. 
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Figure 36. 2 – Part Round Mold Making Processes – Design D, 1 Of 2 
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Figure 37. 2 – Part Round Mold Making Processes - Design D, 2 Of 2 
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Figure 38. 2 Part Rectilinear Mold Making Processes, Design F 
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Slipcasting Process Steps 

§ Determine Specific Gravity 

o Specific gravity determines the time it takes the plaster to remove 

water from clay slip. To measure specific gravity of a slip, one must 

determine how much 100 ml of slip weighs. The measurement 

process is below:  

⇒ Tare scale [grams] to zero with measurement device on scale 

⇒ Pour filtered slip to 100ml line  

⇒ Read weight to determine if slip is too thin or thick for casting 

Specific Gravity Notes:  

§ Water weighs 1-gram [per 100ml] 

§ Good Slip specific Gravity range: 1 - 1.7 g 

§ Too thick: 1.8 

§ Lower # on specific gravity equals more water in slip 

§ Higher # on specific gravity equals more clay [less water] in slip 

§ Important to know and measure specific gravity of casting slips 

when mixing different color slips. Slip should have comparable 

specific gravity weights 
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Slipcasting Process – See Figure 39 and Figure 40 

§ Set up the molds, you intend to cast, on the casting table– remove any 

debris, turn slip over [stir/mix] for about 5 minutes  

§ Strain/Sieve the Slip  

§ Pour Strained Slip into molds  

§ Allow molds to rest on a flat surface, for duration of casting time [time 

period slip remains in mold before dumping] 

§ Drain/Dump Slip – Slowly rotate mold to 45 degree angle to empty  

o Always dump slip in the same order of pour to create same 

thickness casts 

o To create same thickness wall castings maintain the same casting 

time for all castings 

§ Allow mold to drain at an angle until all the excess slip has been drained 

and interior of casting appears matte 

§ Once cast appears matte [no longer draining or resembling liquid/wet slip] 

turn your mold flat [on its bottom] to prepare for hand finishing 
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Finishing Techniques 

§ Trim reservoir rim 

o Razor/ fettling knife for removing clay from reservoir rim to create 

an even flush lip to cast– [Tool used depends on shape of mold]. 

§ Interior cleaning  

o Smooth trimmed rim by light sponging 

§ Exterior Clean-up 

o Remove cast from mold when cast begins to pull away from mold 

walls 

o With moistened drywall sand paper lightly sand exterior edges to 

create desired rim articulation 

o Sponge exterior rim to smooth out any sand marks 

§ Set aside to dry until moisture has fully evaporated from cast 

§ With proper ventilation this may take between 2 – 5 days depending on 

the thickness of the castings and climate/humidity where casts are drying 

out. 
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Firing 

• Bisque Fire 

Post-Bisque Finishing Process 

o Sanding the cast – [Dry not moistened] dry wall sandpaper 

[Sand only if needed to remove undesirable imperfections] 

§ Mix up Glazes [Sieve before Application] 

§ Glaze Application [Spray, Dip, or Paint] 

§ Glaze Fire 

§ Polishing unglazed surfaces with diamond polishing pad to create a scratch 

resistant surface. 
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Figure 39. Slip Casting Process - Design C - 1 Of 2 
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Figure 40. Slipcasting Process - Design C - 2 Of 2 
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Troubleshooting 

Mold Issues 

PROBLEM: Pinholes in casting – means mold is still too wet for casting 
 
 

 

Figure 41. Troubleshooting Pin Holes In Cast 
  
 
SOLUTION: Allow new molds to dry out longer before casting. After a day or two 

of additional drying time, repeat castings.  

  

 

Figure 42. Extended Mold Drying Time Prior To Casting 
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Casting Issues 

PROBLEM: Thick Slip  

Figure 43, [L] The slip was too thick to create a clean interior cast. [R] - Slip 

thinned with water prior to casting. 

  

 

Figure 43. Casting Issue – Design C 
 
 

 

Figure 44. Casting Issue - Design F  
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SOLUTION: Take specific gravity of slip prior to casting. If slip is too thick, 

gradually add water, agitate/mix slip until water is well mixed, and take specific 

Gravity again.  Repeat until desired specific gravity is reached. Slip should now 

drain properly from mold. Repeat casting for a more defined Interior. 

Figure 44, [Vase, Design F - Cut to show casting issue]. Slip was too thick to 

drain properly through the narrower facets of the form. The thick slip did not allow 

the mold to produce a hollow cast, suitable for firing. Slip was thinned for 

subsequent casts. 
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CHAPTER VII 

ANALYSIS 
 
 

Design Analysis 

I researched and explored practical forms in contemporary design 

throughout my material and craft studies in ceramics. I utilized my understanding 

of wheel thrown functional objects as a starting point for size, scale, proportions, 

function, and ergonomics to develop and produce the thesis designs. I designed 

a collection of products that would promote and cross-reference the diverse 

benefits of the digital and traditional fabrication processes within the design and 

production stages. I utilized Neoclassic Interiors for its aesthetic principles, 

[discussed on pp. 28].  I reverse engineered the conceptual process to arrive at a 

digital design process and products, which boast geometry, symmetry, scale, 

proportions, restraint, and delicacy through materiality and craft. I crafted 

products, which embodied those specific Neoclassic design principles declared 

without disregarding the primary end purpose of function. 

The design process explored conceiving a balance between many 

themes: art and design, aesthetics and function, traditional and digital fabrication, 

and craft and digital craft. This design investigation set out to create a system of 

checks and balances between digital actions and hand interaction. Cultured from



 
 

 

100 

my precedent studies and research in Perception theory, I strived to design 

products that promote delight, relevance, and use. Working with pattern and 

multiple craft mediums, there is a robust potential to create complicated, lofty, or 

supercilious designs. I tried to maintain a balance between computer and human 

interaction through research, reflection, and iteration.  

It was important to me to never lose the human interaction and experience 

throughout the digital design process, as the end goal was to create a product 

collection that can be visually and physically enjoyed [used]. This investigation 

does not suggest that Traditional craft is a flawed medium to be replaced by 

digital craft. Likewise, designing forms in the computer for use within the home 

brings along its own set of complications. Traditional craft conveys and creates a 

unique process and product responsive to each material’s intrinsic properties and 

respective field’s skill set, craft techniques, and machinery. The projected 

outcome through combining digital and traditional craft techniques was not to 

arrive a body of work void of imperfection through digital processes. Rather to 

arrive a unique body of work taking on the best and most appropriate features, 

function, and processes from each discipline. 

Throughout the pattern exploration I created a balance between 

developing interesting patterns without oversimplifying or employing too many 

pattern elements. I attempted to avoid creating too complex an imagery or form 

to visually enjoy or tangibly produce.  My system of pattern manipulation utilized 



 
 

 

101 

3D modeling to tessellate the pattern based upon my research, guiding design 

principles, and thoughtful consideration to function, aesthetics, and perception. I 

chose to utilize technology as a precision and geometry based extension of 

myself. It was essential to my process to add human design thought, choices, 

and research to the computer processes as often as possible.  

Digital Craft Theory 

The theory behind digital craft promotes design processes that are 

informed by fabrication as opposed to being simply formed by it. (Neri Oxman, 

2007). Machine assisted craft and production has long existed in multiple 

industrial and traditional disciplines. Digital Craft differs from machine-assisted 

craft or traditional production because the digital processes and digital fabrication 

[craft techniques] are employed not simply for production but also as the 

design/conceptual drivers’ primary influence of form creation and development.  I 

utilized digital craft theory to construct a design investigation into fabrication 

informed production design. I selected the design parameters: material – 

ceramics, fabrication – 3D printing, and assembly logic – mass production via 

traditional craftsmanship techniques. The assembly logic promotes marketing 

and cost sensibilities, as 3D printing’s cost per print is relatively high]. The 

assembly logic to create comparable forms in an equal or higher quality material, 

while decreasing the cost per unit greatly improves marketable endeavors, which 

promotes further production and research.  
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3D Printing For Ceramics: Limitations 

Currently, ceramic 3D printing companies offer no cost breaks for 

wholesale production. As a result each individual product and subsequent 

multiples can carry a substantial price. Additionally, with 3D printed ceramics, 

currently accessible to the public, the designer cannot execute the glaze 

application to suit their taste or potential market. At the time of this study there 

were no variable options, control, or choice over clay type or quality. Slipcasting 

enables the designer to choose and control the design in regards to quality/craft, 

material, color, scale, wall thickness, firing, glaze, and other finishing processes. 

It is presumable that with advances in technology and research development 

some of the limited material and finish options [clay bodies and glazes] will be 

increased. 

There is an array of newfound design opportunities through digital 

fabrication. But consideration must be given to the fact that alongside the 

seemingly endless conceptual frontiers are the limitations of the software and 

machining process. The convergence of craft and digital craft techniques came 

throughout the research of varied craft processes and practices. As digital 

complications arise, traditional craftsmanship methods permit the realization of 

the product through the two fields’ own set of checks and balances. Henceforth, 

the convergence of the two disciplines allows for the designer to work around the 

limitations of the other to further push design and craftsmanship potential.  
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Production Analysis 
 

Many experiments went into achieving the proper technique to bring these 

products from the 3D digital realm to a physical space.  Throughout the 

conceptual design and fabrication process, my material choice served as a 

vehicle to include function, durability, and practical cost. I explored two 

approaches to producing 3D printed forms for ceramics. First, I 3D printed 

ceramics as a final vessel, while continuing to research and experiment with 

different mold making and casting techniques. After developing the appropriate 

mold making and casting approach, I began slipcasting production of the same 

collection of forms.  

Each production method comes with its own set of benefits, drawbacks, 

and limitations [See Diagram 25, pp. 118]. Designing forms to be 3D printed in 

ceramics have strict design guidelines as detailed in the Appendix D, pp. 163. 

The current technology creating 3D printed ceramics only allows one to design to 

a particular size [surface volume] before changes [increases] need to be made to 

the wall thickness of the form. For 3D printed ceramics these guidelines and 

restrictions are necessary to follow in order to ensure a successful print. To 

neglect to design to these guidelines leaves the product at risk to be rejected by 

the printing company due to expected or known print failure [object, cracking, 

breaking, or collapsing]. 
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I know that many of the limitations I encountered while exploring 3D 

printed ceramics, are not intrinsic to the material [clay] itself but instead the 3D 

printing production method. As Neoclassic aesthetic principles and philosophies 

were important to the design process, delicacy, scale, and proportion pose a 

significant concern to the end product. The form itself could be executed 

successfully in clay and at varied wall thickness. However, due to the structural 

building processes of 3D printed ceramics [with current technology] some 

designs were not be able to be brought to a tangible fruition through this printing 

process [while maintaining the desired aesthetic principles].  Hence, design-

informed fabrication/digital craft methodology illustrates the importance of fully 

understanding the fabrication process throughout the conceptual and design 

phase. With the knowledge of traditional ceramic production and 3D printing 

processes, I derived a process for product production less restricted by the 

machining limitations of digital fabrication technologies. 

Another limitation to 3D printed ceramics was the current glaze options 

available through commercial ceramic 3D printers. For this study Shapeways 

ceramic 3D printing service was utilized to create the 3D printed ceramic 

products. When utilizing a commercial/outsourced 3D printing company you give 

up an undeniable level of control over the end product. Even when outsourcing 

3D printed ceramics, there is a level of non-digital craft applied in the finishing 

application. However, the designer is not the one executing the processes.  
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The bisque state of a 3D printed ceramic object is not the same as the 

bisque state of traditional ceramics. The glaze application and firing serves as a 

strengthening mechanism to the fragile 3D printed clay. The finishing processes 

must occur prior to shipping to ensure a safe delivery. The 3D printing 

companies’ can affects the design’s execution, perception, and level of craft 

through the time, care, and skill, each piece is subject to during the post printing 

processes. 

 At the time of my fabrication study into 3D printed ceramics, Shapeways, 

only offered six color/finish glaze options as picture in Figure 45.  

 

 

WHITE GLOSS            BLACK GLOSS           BLACK SATIN 
 

 

PASTEL YELLOW GLOSS  EGGSHELL BLUE GLOSSY AVOCADO GREEN GLOSS 
 

Figure 45. Shapeways' Ceramic Finish Options 
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In my experience from the ten diverse 3D printed ceramic products I have 

designed and received, the aesthetic quality of the finished pieces can be greatly 

affected by the individual who applies the final finishing techniques. The glaze 

application has been inconsistent on the products I have received. I assume that 

this discrepancy depends and varies with who applied the glaze in each instance. 

Some pieces have had consistent glaze coverage, the facets of the design are 

easily readable and expressed, and the pieces retain enough form definition 

enabling additional molds to be made from the ceramic print. [For example the 

ceramic print of Design A, Photographed in Figure 59, pp. 121.]  

Other pieces such as [an iterative ceramic print of Design F], the vase 

form was heavily glazed losing much of its fine details, finesse, delicacy and 

appears visually heavy and less refined.  
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Figure 46. [L] 3D Printed Glazed 
Ceramic – Iterative Design F 

Figure 47. [R] Slipcast From 
Gypsum 3D Print – Design F 

 

 

The un-finessed appearance was compounded by the design’s thicker 

walls necessary for the object to be produced at a functional scale and adhere to 

Shapeways’ guidelines for 3D printed ceramics. As a result, some 3D printed 

ceramic vessels could not fully realize the vision of the design investigation’s 

objectives. 
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 [L] Ceramic 3D Print [R] Slipcast 
 
  

 

Figure 48. Wall Thickness Comparison, Design F 
 
 

Some of the more successful 3D printed ceramics were the pieces which fit into 

smaller bounding box size thus allowing for thinner wall thicknesses which 

coincidentally also received a less heavy application of glaze.  

One major benefit of 3D printing in ceramics is the interior – exterior 

definition. Each side of the form is equally defined as the printer creates the form 

directly from the digital model. This production method generates equal and great 

detail of form and pattern to each side of the object during the printing process.  

The second method of production encompassed fabricating a 3D printed gypsum 
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prototype to make a mold from and cast multiples. This method enabled in the 

designer to direct the choice of clay, casting and firing techniques, and glazing. 

With slip I experimented with single and multiple piece drain cast molds.  

I also explored mold making that modeled the interior and exterior of the 

casting model. I was not able to create a successful cast from these attempts. 

[Process is depicted in Appendix C, Figure 97, pp. 158]. I went on to experiment 

with creating molds, which only modeled the exterior of the form. The drawback 

to this method is the slight loss of interior definition. When casting an open/wide-

faced object in a mold made from the casting model’s exterior, you still get an 

interior, which responds to the exterior form. But, this method will not create an 

interior with the same detailed crisp parameters of the exterior.  

Production is less difficult with this method due to a simplified mold. There 

are less mold pieces, components, seam lines, and undercuts. Although there is 

a minimal loss in interior definition, by adapting my casting technique [as detailed 

in the Printing and Production Chapter, pp. 94], I was able to create a process 

that still produces the desired digital aesthetic. No/less mold seams requires less 

post casting clean up resulting in more definition and less alteration from the 

original casting model. Also with fewer pieces to the mold it is easier to add a 

reservoir rim. 
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Figure 49. One Part Mold With Reservoir 
  
 
The reservoir rim serves as a cutting tool allowing for the cast to have a nice flat 

even rim achieved during the clean up stages after casting. The reservoir rim 

also helps to create a consistent trim and articulation to the rim of each cast. The 

design sacrifices entailed with this mold making method are outnumbered by the 

benefits gained for the designs explored in this study. 
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[L] 3D Printed Glazed Ceramic, [R] Slipcast Mid Range Porcelain  
 
 

 

Figure 50. Interior Definition Comparison - Design C. 
  
 

[L] Ceramic 3D Print [R] Slipcast  
 
 

 

Figure 51. Interior/Exterior Definition Comparison - Design C. 
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Figure 52. Exterior Definition Comparison  - Design C 
 

 
[L] Ceramic 3D Print [R] Slipcast  

 
 

 

Figure 53. Production Comparison - Design C 
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 [L] Low-Fire 3D Printed Glazed Ceramic, White Glossy Glaze  

[R] Slipcast, Mid-Range Porcelain, Clear Glaze 
 
 

 

Figure 54. Production Comparison: Interior View – Design D 
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[L] Ceramic 3D Print [R] Slipcast 
 
 

 

Figure 55. Definition Comparison: Exterior - Design D 
 
 

 

Figure 56. Wall Thickness Comparison - Design D 
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Slipcasting allows the designer to have more opportunities to experiment with 

variable casting materials and techniques. I experimented with three clay bodies, 

creating casts in a high-fire porcelain slip, a mid-range porcelain slip, and a low-

fire earthenware slip. With a focus of my product designs being on the patterned 

and angular surfaces, I wanted to accentuate the design’s details and facets in 

the clay form.  For this purpose I chose to mix up and purchase clear [food safe] 

glazes to showcase the ceramic facets. For color I experimented with casting 

colored clays and mixing different colored slips in one piece to attain visual color 

complexities.  

  

 

Figure 57. Thesis Exhibition, Design F, Low Fire Clay Body 

[L] Mixed Slips, Blue and White [R] Colored Clay, Pink 
 
 

The clear glaze decision was two-fold. One, to explore ways to avoid the loss of 

definition similar to the heavily glazed [colorant glaze], 3D printed ceramic vase 
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prototype. [Figure 47] Two, the design’s conceptualization valued restraint in 

applied ornamentation. Glaze serves two purposes: sealing the bisqueware [for 

safety and durability] and aesthetic properties [through interesting colors, 

finishes, effects, and applied technique]. To achieve the desired aesthetic 

qualities, I added color to various clay bodies in order to create colored casts with 

a clear glaze and interesting marbling effects intrinsic to the vessels’ form. As a 

result, I crafted products suitable to showcase the angular designs, patterned 

effects, and in various colors, executed through the design’s craftsmanship not 

as an applied embellishment. 

During the time of my fabrication study, 3D printed ceramics were food 

safe, heat resistant up to 500 degrees, washable but not dishwasher or 

microwave safe. There was no designer/purchaser choice in clay body and 

limited choices in glaze options. The 3D printed ceramics were not necessarily 

scratch resistant and may have some rough unglazed areas that can leave 

permanent marks on certain surfaces. Through my design investigation and the 

execution of traditional ceramic slipcasting techniques, I was able to regain 

control of the production phase to fabricate 3D printed forms, for ceramics. This 

allowed me explore finer clays, gain additional uses [microwave/dishwasher 

safe], and a variety of glaze opportunities. Expanding ceramic 3D design 

opportunities prior to the development/public accessibility, which may come with 

future technological advances for 3D printed ceramics, I was able to cultivate a 
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variety of casting techniques and explore varied wall thicknesses, and finishes 

beyond the scope of digital production. As a result, I crafted a collection of 

digitally influenced high quality, delicate, geometry based forms for functional 

use. 

The following diagram discusses comparable fabrication information 

between 3D Printed Ceramics and Gypsum 3D prints for Slipcasting.  
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Diagram 25. 3D Printing Material Comparison Analysis 
 
  

 DIGITAL FABRICATION MATERIAL COMPARISON ANALYSIS  

GYPSUM POWDER 3D PRINT GLAZED CERAMIC 3D PRINT 

     Cost Varies Per 3D Printing Company Cost Varies Per 3D Printing Company 

User Friendly Design Guidelines Stringent Design Guidelines 

Printer Bed Size Limitations 8”X8”X10” 
[Z Corp Printer] 

Non Variable Wall Thickness 
Requirements 

Larger Printable Surface As The Entire 
Printer Bed Are/Volume Is Available To  
Product 

Smaller Initial Forms Due To Strict 
Bounding Box Limitations For Clay 3D 
Prints 

Quick Turnaround 

[Initial Prototype Requires Less Post 
Printing Processing]   

Slow Turn Around Due To Clay Print, 
Firing And Glazing Steps Required To 
Strengthen 3D Printed Form 

Facilitates Increased Definition In 
Overall Final Form Through Mold 
Making And Casting Techniques 

More Form Definition/Interior /Exterior 

Relatively Infinite Glaze 
Choices/Regain Production Phase, 
Glaze Application 

Less Form Definition If Object Is 
Glazed Too Thick By Manufacturer 

Must Be Sealed Prior To Casting. 
[Recommend A Minimum Of 2 Days 
For Complete Curing And Offgasing 
Between Sealing And Mold Making.  

Glaze Necessary To Strengthen 
Product [Week Bisque State] Cannot 
Be Shipped Bisque 

Resulting Cast Requires Additional 
Clean Up, Removal Of Mold Seams, 
Casting Imperfections / Multiple Piece 
Molds  

No Mold Seams 

Final Vessel Has Handcrafted Quality 
And Aesthetic 

Very Smooth Surface 
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Possible To Add/Print Integrated Mold 
Making Assists 

Less Form Manipulation Post Printing  

Great Variety And Choices Of Clay 
Type, Quality, And Color 

Little Variety In Clay Body And Glaze* 

 

Food Safe, Microwave Safe, 
Dishwasher Safe, Oven Safe, Scratch 
Resistant, Recyclable 

Functional, Food Safe Hand 
Washable, Recyclable 

Initial Prototype- Not for Functional 
Use/Real World Application 

Decreased Designer Involvement In 
Fabrication Process 

Casts Created Through This Method 
May Be Susceptible To Increased 
Possibility Of Form Warping As 
Opposed To 3D Printed Ceramics 

Less Noticeable Form Warping [From 
Digital File Specifications To End 
Product] 

Cannot Easily Produce Certain Types 
Of Intricate Forms [For Example 
Designs With Positive And Negative 
Spaces] In A Functional Medium 

Can Accomplish Intricate, Non 
Castable Designs In A Functional 
Medium Such As Forms With Negative 
And Positive Space. See Figure 98, 
159] 
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CHAPTER VIII 

  CONCLUSION 
 
  

Included in this chapter are short descriptions of the potential functions of 

the different pieces designed and showcased throughout the thesis. This 

information is accompanied by photographs of the vessels that were fully 

developed and produced in a functional ceramic medium [3D printed ceramics 

and slip cast products] and photographs from my thesis exhibition.  

  

 

Figure 58. Thesis Exhibition, Gatewood 303, UNCG 
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Shallow Bowls: Suitable for Sauces, Dip, Seeds, and Nuts 

 

 

Figure 59. 3D Printed Ceramic – Design A 
  
  

Deep Bowls: Suitable for Rice, Cereal, and Desserts  

 
 

Figure 60. Slipcast Mid Range Porcelain – Design B 
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Wide Bowls: Suitable for Snacks: Sliced Fruits, Pretzels, and Chips 

 

Figure 61. Slipcast Mid Range Porcelain – Design C 
 

Inverted Bowl: Suitable for Soups, Pasta, and Cereal 

 

 

Figure 62. Slipcast Mid Range Fire Porcelain – Design D 
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Vase 

 

 

Figure 63. Slipcast Mid–Range Porcelain – Design F  
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Dessert Plate: Suitable for a slice of cake, cookies, brownies, cheese and 
crackers, fruit, etc. 

 
 

 
 
 

 

Figure 64. 3D Printed Ceramic - Design G 
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Figure 65. Thesis Exhibition, Slipcast Display 
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Mid - Range Porcelain  
 
 

 
 

Figure 66. Slipcast Porcelain, Clear Glaze [Side View] 

 
Mid - Range Porcelain  

 
  

 
 

Figure 67. Slipcast Porcelain, Clear Glaze [Perspective View] 
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Mid - Range Porcelain  
  
  

 
   

Figure 68. Slipcast Porcelain, Clear Glaze [Top View] 
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Low - Fire Earthenware 
 

 

Figure 69. Slipcast Colored Clay: Yellow, Clear Glaze  
 
 

Low - Fire Earthenware  
 
 

 

Figure 70. Slipcast Colored Clay: Robins Egg Blue - Exterior View 
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Low - Fire Earthenware  
 
 

 
 

Figure 71. Slipcast Colored Clay: Pink - Interior View 
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The following slip cast vessels feature design variations through colorants 

added to the clay and casting technique. The marbling effect was created by 

casting colored slip with white slip* [slip with no colorants added]. Several clay 

bodies and colorants were explored using this technique. The resulting casts are 

all uniquely different in their patterned detail [marbling effect]. The products that 

were formed with this specific casting technique are detailed and depicted below. 

 

 

Figure 72. Slipcast High Fire Porcelain, Mixed Slips and Colored Clay 
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Figure 73. High Fire Porcelain, Mixed Slips – Design C 
  
 

 

Figure 74. High Fire Porcelain, Colored Clay – Design C 
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Figure 75. Mid-Range Porcelain, Mixed Slips, Once Fired, Sans Glaze 
 
 

 

Figure 76. Mid-Range Porcelain, Mixed Slips - Design C 
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Figure 77. Mid-Range Porcelain, Mixed Slips - Design B 
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Figure 78. Low Fire Mixed Slips, Design F and C 
 
 

 

Figure 79. Interior and Exterior View - Design C 
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Figure 80. Low Fire Mixed Slips – Design F 
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Figure 81. Thesis Exhibition – Design F and C 
 
 

 

Figure 82. Thesis Exhibition, November 21, 2014 
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APPENDIX A 

CLAY BODY AND GLAZE TECHNICAL INFORMATION 
 

 
Clay Bodies And Recipes  

[Used for Slip cast Vessels not 3D printed ceramics] 

1. Low-Fire Earthenware Casting Slip Recipe [10 lb. Batch of Dry Ingredients]  

[Cone 04] 

OM4 Ball Clay  4 lbs. 
E.P.K.    2 lbs. 
Frit 3124   1.5 lbs. 
Tile 6    1 lb. 
Flint    1 lb. 
Soda Ash   3.5 grams 
Sodium Silicate  .4 - .5 oz. 

 
Water [As needed until proper consistency is achieved] 
 

Colorants Added to Low Fire Clay 
 
  Manganese Alumina Pink 9% Saturation 
  Robin’s Egg Blue   
      6.5% Saturation 
      9.5% Saturation  
  Titanium Yellow  7 % Saturation 

 
2. Mid-Range Porcelain Slip – Laguna Fine Porcelain NS–125, Color: Very White  

[Cone 5 – 6] 

3. High-Fire Porcelain Slip – HAAND Casting Slip [Cone 10] 
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Glazes And Glaze Recipes 

Low Fire Glazes 

1. Low-Fire: Woody Hughes Clear Base Glaze Recipe [Cone 04] 

Frit 3124   30% 
Gerstley Borate   26% 
Nepheline Syenite  20% 
E.P.K    10% 
Flint/Silica    10% 
Lithium Carbonate   4% 
 

* To create Crazing Effect in Glaze, subtract 5% Silica from Recipe 
 

Mid-Range Glazes 

2. Mid-Range: Laguna Cone 5 Versa MS – 300: Clear Base Glaze [Cone 5 – 6] 

3. Mid-Range: Transparent Glossy 3 Glaze Recipe [Cone 5 – 6] 

Custer Feldspar  40% 
Gerstley Borate  18% 
Whiting   16% 
EPK    10% 
Flint    16% 

 
High Fire Glazes 

4. High-Fire: Clear Gloss Recipe [Cone 10] 

Custer  Feldspar  27% 
SiO2    26.5% 
Woll    23.5% 
Grolleg   20.5% 
Zinc    2.5%  
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Plaster Determinants 

[Richard Notkins Plaster Handout] (Notkin) 

 
To Determine the Volume [Cubic Inches] of a form to be filled with plaster, use 

the following: 

 
V=Volume, L = Length, W=Width, H=Height, R=Radius 
 
For Rectangular forms: V= L x W x H 

For Cylindrical forms: V= pi x [R x R] x H 

 
To determine the amount of plaster needed for volume required use the following 
formula. 
 
 

Cubic Inches = Number of Quarts Required 
       80 
 
 

Use this chart to determine plaster quantity needed per water amount 
 
 

WATER PLASTER 
½ pint 11 oz. 
1 pint 1 lb. 6 oz. 
1 quart 2 lbs. 12 oz. 
1 ½ quart 4 lbs. 2 oz. 
2 quarts 5 lbs. 8 oz. 
2 ½ quarts 6 lbs. 14 oz. 
3 quarts 8 lbs. 4 oz. 
3 ½ quarts 9 lbs 10 oz. 
1 gallon 16 lbs 8 oz. 
2 gallons 22 lbs. 
2 ½ gallons 27 lbs 8 oz. 
3 gallons 33 lbs. 
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APPENDIX B 

THESIS DESIGN PRECEDENT: NEOCLASSIC INTERIORS 
 

  

 

Figure 83. Parisian Neoclassic Interior. ("Grand Salon from the Hôtel de Tessé,") 
 

 

Figure 84. Neoclassic Interior, ("Villa di Poggio Imperiale,") 
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Figure 85. Italian Neoclassic Interior, ("Palace of Caserta,") 
 

 

Figure 86. Neoclassic Furniture Examples,(Hepplewhite, 1787) 
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APPENDIX C 

MATERIAL AND CRAFT STUDIES 
 
 

Throughout my graduate studies, I undertook, several design studios and 

independent studies to foster the craftsmanship skills essential to further develop 

and understand the craft and fabrication processes and materials I was 

investigating. Digital Fabrication, Ceramic [Hand building, Wheel throwing, Mold 

Making, Slipcasting], and Traditional Wood Craftsmanship Techniques [Wood 

Turning and Furniture Construction] were all explored. Each crafting method and 

exploration consisted of its own specific obstacles and advantages, which 

informed and guided the subsequent thesis design exploration. 

Digital Fabrication Studio [Precedent] 

Larger than Life [Pathway Park], seen previously in Chapter II, pp. 14, 

offers visitors of the Greensboro Children’s Museum an interactive experience, 

as children play and learn to navigate through the larger-than-life landscape. 

Children follow their natural sense of curiosity to discover their individual 

pathways, venturing through sky-high blades of musical grass, scaling mounds of 

stepped terrain, and sliding through an exaggerated exhibition of our natural 

world. This unique exhibit stimulates children through a sensory exploration of 

scale; harnessing critical thinking skills and imagination to create an enriching 

experience all of their own.  
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Soft foam noodles, concealing PVC supports, scatter the landscape to 

create a dense field of “grass”. Various stalks contain sound-emitting beans to 

add auditory elements to the exhibit. These blades of grass are designed to bend 

and sway in a controlled fashion, responding directly to the child’s touch; giving 

them a cause and effect learning experience.

  

 

 Figure 87. Larger Than Life Exhibit  
 

The landscape itself is comprised of computer numerical control milled oriented 

strand board with patterns of the grass erected in its surface. Stepped terrain 
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climbs to a peak through the use of plywood and medium density fiberboard 

platforms coated with styrene; providing a durable and easily cleanable surface. 

The trajectory of the peak directs children’s climb to a slide, providing a 

downward release into the terrain of the exhibit. 

This exhibit was designed and built in the spring semester of 2012 by 

UNCG’s Interior Architecture vertical studio, which consisted of graduate and 

undergraduate students, Abigail Buchannan, Ashley Dale [myself], Anna Will, 

Carlos Smith, Christine Lumans, Claudia Aguilera, Dajana Nedic, Daniel 

Salgado, Jeff Linn, Sharece Ramos, and Weston Willard, under the advisement 

of Professor Jonathon Anderson. A video of the exhibit’s build and install process 

can be found on YouTube at Larger than Life @ Greensboro Children’s Museum. 

("Larger Than Life @ Greensboro Children's Museum," 2012).
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Figure 88.  Larger Than Life Exhibit Boards 1 of 3 
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Figure 89. Larger Than Life Exhibit Boards 2 of 3 
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Figure 90. Larger Than Life Exhibit Boards 3 of 3 
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Traditional Woodworking Craft Study [Precedent] 
  
  

 

Figure 91. Canopy House Furniture Design and Construction- Table and Chairs 
  

The Solar Decathlon is a sustainable design competition sponsored by the 

Department of Energy. This competition encourages college and university 

design teams to design, construct, and operate appealing, affordable, solar 

powered homes.  The Canopy House Project was Team Tidewater Virginia’s 

entry into the 2013 Solar Decathlon design competition. Team Tidewater Virginia 

consisted of three Universities: Hampton University, Old Dominion University, 

and the University of North Carolina at Greensboro. The team was comprised of 

Architecture, Engineering, and Interior Architecture students. As a part of the  
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Interior Architecture segment of the team, UNCG students worked on the interiors 

of Team Tidewater’s “Canopy House” 

UNCG students’ contribution, led by Professor Travis Hicks, included the 

interior spacial planning, interior design, product design, and furniture design for 

the Canopy House Project. The project has several design concepts, 

encompassing: sustainability, energy efficient, “aging in place”, and handicap 

accessibility. Several Interior Architecture courses at UNCG worked on the 

various Interior projects of the Canopy House. My contribution was a part of the 

collaborative design and build furniture construction Independent Study 

completed in Summer 2013. The furniture designed and built for the Canopy 

House included a drop leaf dining table, set of 8 chairs, nesting coffee tables, bed 

frame, and lamps. 

Professor Travis Hicks, assisted by Professor Stoel Burrowes and Matt 

Jones, led the furniture construction course. Several Students took part in the 

design of the furniture elements followed by scaled prototypes and full-scale 

construction. My specific contribution was to the construction of the dining table’s 

chairs, designed by Sunny Qu. Sunny utilized digital fabrication by way of 

Rhinoceros 3D modeling software to model the initial chair design. From Sunny’s 

digital illustrations and specifications, Sunny, myself, and fellow Interior 

Architecture students Lauren Postylmayer, Sharena Steeple, and Kelsey Walker, 

began milling the wood for the chair’s components and initiating the chair’s 
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construction process. We milled, cut, and shaped the backrest, supporting 

braces, legs of the chair, and chair seat [which would later be upholstered after 

assembly].   

  

 

Figure 92. Canopy House: Chair Construction Process Photos 
 

A large portion of the labor for the chairs went into milling the mortise and 

tenon joints into the chair legs, braces, and backrest. In each chair there are 

twenty mortise and tenon connections located at precise specifications. 
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Figure 93. Canopy House Furniture 



 
 

 

155 

The woodworking skills learned throughout this project, specifically the 

joint craftsmanship, contributed to the thesis craft and material exploration. This 

project also influenced Thesis Design H, The Cake Stand. See Diagram H.1, H.2, 

H.3, and H.4. Design H experiments with a 3D-printed stand and a platter that 

inserts into the top half of the printed form.  Design H currently experiments with 

similar joints as the Canopy House chairs through Design H’s multi-material 

interactions for the cake stand base and platter connection. Thesis Design H 

proposes possibly slip cast ceramic and turned or cnc-ed wooden components 

for the platter top. 
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Craft Exploration: Wood Turning 
  
  

 

Figure 94. Wood Turning Practice – Bowls 
 

 

Figure 95. Wood Turning Practice – Pens 
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Craft Exploration: Ceramics – Wheel Throwing 
 
 

 

Figure 96. Wheel throwing Practice – Bowl and Lidded Container 
  

Craft Exploration: Ceramics - Slipcasting 

In preliminary attempts at mold making, [for Design C] I tried to maximize 

form definition by creating a mold that modeled the interior and exterior of the 

prototype. Several problems arose during these early casting experiments. The 

slip had difficulty flowing through the plaster mold, due to the thin nature of the 

wall thickness [negative space] within the molds’ interior. After several casting 

attempts and troubleshooting, I applied channels to the mold to allow for suction 

to assist the slip dispersing through the mold. This still didn’t permit enough slip 

to flow and fill the plaster mold to create a successful cast. As noted in the thesis 

I ultimately went on to model only the exterior of the casting model. The initial 

mold-making attempt is depicted below. 
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Figure 97. Initial Mold Making Attempt - Design C - 4 Part Mold 
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Craft Exploration: Digital Fabrication [For Ceramics] 
 
  

 

Figure 98. 3D Printed Ceramic Pen Holder – Shapeways 
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Figure 99. 3D Printed Ceramic Pen Holder  
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Figure 100. 3D Printed Ceramic - Design C 
 

 

Figure 101. 3D Printed Ceramic - Design D 
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Figure 102. 3D Printed Ceramic - Design E, Iterative Print 
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APPENDIX D 

DESIGN GUIDELINES FOR 3D PRINTED CERAMICS 
  

  
Below are the 3D modeling guidelines, for 3D printed clay objects, as they 

were offered by shapeways.com during the duration of the fabrication exploration 

within my design investigation. The design guidelines for all of Shapeways’ 3D 

printable materials can be found on their website. (Shapeways) 

Maximum Bounding Box 

X + Y + Z ≤ 400 mm [Maximum Bounding Box for Ceramic 3D Printer] 
 
The bounding box is the smallest box that will fully enclose the product.  
For Ceramics, the maximum bounding box is determined by the size of the 
printer we use to create your product.  
To ensure the successful creation of your product, make sure the bounding box 
fits within our maximum limit. If it does not, you can try scaling it down, removing 
unnecessary features to reduce the bounding box, or consider another material 
with a bigger maximum bounding box.  
 
Minimum Bounding Box 
X + Y + Z ≥ 120 mm [Minimum Bounding Box for Ceramic 3D Printer] 
 
The bounding box is the smallest box that will fully enclose the product.  
For Ceramics, the minimum-bounding box is determined by our ability to 
successfully print and fire very tiny products in a kiln.  
To ensure the successful creation of your product, make sure the bounding box 
of your product is larger than our minimum. If it is not, you can try scaling it up, 
thickening, combining, or enlarging parts and features, or trying a material with a 
smaller minimum-bounding box.  
 
Minimum Material Density 
5% material density 
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Minimum Supported Wall thickness 
If bounding box x+y+z is 120 - 200 mm: 3 mm 
if x+y+z is 200 - 300 mm: 4 mm 
if x+y+z is 300 - 400 mm: 6 mm  
 
A supported wall is one connected to other walls on two or more sides.  
For Ceramics, the minimum supported wall is determined by our ability to 
successfully print your product and fire it in a kiln. Before your product is fired, it 
exists in a fragile "green state." Walls that are too thin can collapse at this stage, 
or break when they are fired.  
To ensure the successful creation of your product, make sure supported walls 
are thicker than the minimum requirement. If they are not, try making them 
thicker, or consider a material with a thinner minimum supported wall 
requirement.  
 
Maximum Wall thickness 
15.0 mm thick  

After you model is printed in ceramic powder, it is fired in a kiln. Walls that are 
thicker than the maximum will not fire properly.  

To ensure the successful creation of your product, make sure walls are thinner 
than the maximum requirement. If they are not, try making them thinner, or 
splitting them into two thinner walls.  

3D Printed Ceramic: Material Properties and Traits 

Ceramics is one of the trickier materials to design for because you need to 
design a model that is printable, glaze-able, and can withstand the high heat of 
the kiln and the structural changes the oven causes to your model. For example, 
the model will deform at different rates in the kiln, so sharp edges are likely to 
crack. Softer, curved edges are preferred and will glaze without risking cracks in 
the material surface. For some designs with clear bottoms, the bottom side may 
remain unglazed. This is because we need to stand up the designs when putting 
the glazed piece in the oven. For all other designs, we will put the design on 
setters, which mean very small portions of your model [where the setter touches 
the model] will not be glazed. Due to the nature of glazing some geometries may 
cause uneven distribution of the glaze on pieces. The glaze will add thickness to 
features on pieces. Glazing adds thickness  
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Glazing will reduce definition of design details, such as grooves will fill with glaze. 
Up to 1mm of glaze can be added in certain areas.  

Ceramics is the first 3D printed food safe material available on Shapeways. The 
material is produced with fine ceramic powder, which is bound together with a 
binder, fired, and glaze with a lead-free, non-toxic finish. In addition to being food 
safe, the material is both recyclable and heat resistant. This material is perfect for 
cups, saucers, plates, and even statues and figurines. 

Material Traits 

• is food safe 
• is watertight 
• is recyclable 
• not dishwasher safe 

Ceramics are heatproof to 500ºC / 932ºF degrees. Higher temperatures may 
significantly change material properties.  
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APPENDIX E 

3D PRINTED CERAMICS RESEARCH AND DEVELOPMENT 
 
 

My fabrication study into 3D printed ceramics spanned September 2013 to 

March 2014.  Prior to and after researching 3D printed ceramics for functional 

use, I was simultaneously investigating the use of other 3D printable materials 

[gypsum] to create forms for ceramic production. The traditional slipcasting 

processes allowed me the opportunity to produce digitally created forms in 

various clay bodies, glazes, casting techniques, and wall thicknesses beyond the 

limitations of current ceramic 3D printing machining technology.  

In response to Shapeways’ constant ceramic 3D printing machine issues, 

increased production lead times, and finish limitations, Shapeways announced on 

November 17, 2014 that they had discontinued their glazed ceramic 3D printing 

service, while they work out issues in the production process. [The service began 

in May 2011].  When they re-start production for 3D printed ceramics, they will be 

introducing a new porcelain clay body and new glaze finishes to advance 

conceptual possibilities for 3D printed ceramics. As of the conclusion of this study 

[in early November 2014], the new material/[process?] Had not been made 

publically available for experimentation. The focus of the Shapeways’ 

announcement was on the new clay body and glaze advancements. There was 
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no information addressing if/how the design guidelines for the revised printing 

process will be affected. The Shapeways’ announcement is as follows: 

Shapeways Announcement, (Shapeways) 

  
3D Printed Porcelain R&D 

For the past year and a half, we’ve been exploring new options for 
ceramics based on the feedback we’ve heard loud and clear from our 
community. You told us that you want ceramics that are faster, more 
durable, more functional, and more colorful. This material didn’t exist, but 
that didn’t stop us. We created a R&D [research and development] 
taskforce who have been working hard in our secret lab to develop a new 
way of 3D printing beautiful, durable porcelain. This is our first major 
investment in end-to-end material R&D. 

The new 3D printed porcelain is groundbreaking, with quality and detail 
that mirrors traditional ceramics processes and the design flexibility of 3D 
printing. Utilizing a castable porcelain body created by Dr. Stuart Uram of 
core cast ceramics with the support of Albert Pfarr, we developed an 
innovative process for producing 3D printed porcelain products. By 
combining the SLS printers that produce our strong and flexible plastic 
with an innovative porcelain casting process, we can create detailed and 
durable products that are fired and glazed just like conventional ceramics. 
Using the best of 3D printing and traditional ceramics, we’re able to create 
the sort of quality you could only find in high end, handmade porcelain. 

Here’s what you can expect from 3D printed porcelain, only available at 
Shapeways: 

• Amazing colors – from cobalt blue to matte black, 3D printed porcelain 
will be available in classic colors that call upon the porcelain tradition. 

• Durable and functional – porcelain is dishwasher, oven, and microwave 
safe. You can even make baking dishes and pizza stones! 

• Gorgeous detail – porcelain enables you to design with very high detail 
and thin, translucent glazes. 

• Big and bold – the strength enables thick and larger products, so we’ll 
be able to help you scale to the whims of your imagination. 
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Community R&D And Pilot 

To start, 3D printed porcelain will be available in a limited pilot with the 
goal of improving our process and design guidelines. When we are ready 
to deliver amazing results to the masses, we’ll open this up as a material 
available for sale to shoppers in our marketplace. 

If you are an experienced designer and would like to be considered for the 
pilot, sign up here. [http://goo.gl/forms/njmxvpl9ts] We’ll start with a small 
group and expand as we learn more. 

What does this mean for the current 3D printed ceramics? 

You have probably noticed that ceramics has been plagued with problems 
for a while. For the last several months, our production partner for 
ceramics has been operating with significant delays. In order to ensure we 
set the right expectations, we’ve had to increase lead times from 13 days 
to 18 days to 22 days over the course of the last year. 

At 22 days, our production partner was only shipping at 30% on time, 
which is simply unacceptable. We increased lead-time to 45 days in 
October to set more accurate expectations, but whether you’re creating 
products for your business or waiting for a gift, these delays are 
unacceptable. 

Given the uncertainty and delays, we had to make a hard decision and, as 
of today, will stop offering the current ceramics materials for the 
foreseeable future. Designers selling in ceramics are in the loop and will 
be key partners for us in the pilot and future R&D. We’re incredibly 
disappointed to have to take this step, but you deserve better. 

Still reading? 
 
Our goal is to make 3D printing affordable and accessible so that you can 
make amazing products. Unfortunately, current 3D printed ceramics just 
didn’t cut it anymore. We’re excited to bring an entirely new material to the 
design community and more than anything else, we cannot wait to see 
what you make! Here’s a teaser of porcelain in action: 
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Figure 103. Shapeways’ 3D Printed Porcelain, (Shapeways)  
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APPENDIX F 

IN PROGRESS/FURTHER DESIGN AND PROCESS RESEARCH 

  
Currently this research can be extended through various directions. Potential 

next stages/directions for this research are: 

§ Materials: Different clay bodies, colored clays and glazes, glaze and firing 

techniques 

§ Casting Materials: Plastics, Resin, Metal  

o 3D printing molds for resin casting 

§ Exploring different materials for casting models 

o Printing in castable wax for metal casting 

§ 3D printing mold making assists, See Figure 104, pp. 171,  

§ 3D printing joints and parts for post printing assembly [and casting] to 

expand beyond 3D printing size limitations, See Figure 105, pp. 171. And 

Figure 106, pp. 172. 

§ Mixed Material Interaction, See pp. 173.
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Figure 104. Example of 3D Model with Built in Reservoir 
 

A built in reservoir rim allows for multiple molds to be made quickly with less set 

up steps and time during the mold making process. 

A parting line is reference line for where to bury the object/part up until, when 

making multiple piece molds. 

  

 

Figure 105. Example of Parting Line and Mold Making Stands 
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During the mold making process, a stand can hold the casting model level 

while burying the first half of the model. It is possible that the entire burying wall 

for the mold half, could be 3D – printed [Not depicted in illustration above].  

Without having to physically bury the object you could go straight into mold 

making multiple piece molds with greatly decreased set up steps, time, and labor. 

3D Printer Size Limitations 
  
 

 

Figure 106. 3D Printed Parts With Joints For Post Printing Assembly 
 

While working within the current size restrictions of the 3D Printer, further 

exploration can research and test prototypes that 3D print parts with joints to be 

assembled post printing. This method could potentially allow bigger production by 

working within the bounds of the 3D printer to expand beyond them. 
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Mixing Materials 

Additional prototyping and experimentation with further materials and 

joints could allow for different material components to be connected with ceramic 

elements. Materials such as wood, glass, metal, plastics, or resin are potential 

future directions for additional exploration. Different materials can arrive at a 

complementary form through various craft techniques, such as traditional 

woodworking, CNC milling, or casting with metal, plastics, or resin, etc. 

In Progress Mixed Medium Exploration 
  
 

 

Figure 107. Iterative Prototype Design H, Resin Injected 3D Printed Gypsum 
 

Figure 107 are images from one of the early prototypes of Design H, which 

experimented with mixing materials in the final product. Design H also explored 

3D printing parts to be assembled post printing to increase the size restrictions of 

3D printed objects. [See Figure 106, pp. 172] The top of the cake stand could 
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potentially be crafted from wood, ceramic, or glass. After creating the digital file 

and 3D printing a few test prints of the stand’s base, I experimented with turning 

wood platters to determine the measurement for the base’s top insertion points. I 

modeled the top of the base to allow for a resting place for the foot of the wood 

platter. See Diagram H.3 and H.4. 

 

 

Figure 108. Illustration Of 1st and 2nd Iteration Of Design H, Cake Stand Base 
 
 
The upper-most part of the base was re-proportioned wider to 

accommodate the minimal foot requirement of the platter based upon of what is 

possible to be supported in the lathe with the current tools available in the UNCG 

woodshop. 
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Figure 109. 1st and 2nd Iteration Of Design H, Gypsum 3D Print 
 
 
I added width to the upper-most part of the base to add stability and 

support to the platter. Due to the 400-millimeter total bounding box volume 

restrictions, outlined in Shapeways’ printability guidelines for ceramics, I had to 

rescale some of the proportions of the cake stand to work within the limitations of 

their ceramic 3D printer size constraints. This also changed the width of the 

wooden platter top, to become slightly smaller to respond in proportion to the 

shrinkage in the 3D printed ceramic base. After subsequent feedback from 

Shapeways and many iterative changes, I decided not to continue 3D printed 

ceramic production with this design. I only 3D printed the file in gypsum for mold 

making and casting. See Figure 110, pp. 176. 
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Figure 110. Photo - Design H - 3D Printed Gypsum 
 

This design is currently still in the prototype phase, as iterations are still 

being developed to establish a successful production technique for the different 

components of the proposed design. 


