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Brick Geometries: Characteristics of 5-Axis  
Tooling for Ceramic 3D Printing

Typical 3-axis tooling parameter for priorities with limitations and their effects.  
Illustration: K. Hinz, 2015.

��D[LV�SULQWLQJ��WRS�YLHZ��/RZ�GHQVLW\�LQ¿OO�VWUDWHJ\�
causes collapse of core structure. Under these 
FLUFXPVWDQFHV��ZKHQ�ÀRZ�UDWH�!�)HHG�UDWH��YLVFRXV�
looping can be reliably produced.4 Photo: K. Hinz, 
2015.

3-axis tooling geometry limits for  
unsupported ceramic 3D printing.  
Illustration: K. Hinz, 2016.

Geometry required for toolpath generation in typical CAD-CAM  
softwares. Typical orientation strategy for future development 
Illustration: K. Hinz, 2016.

Drive 
curve

Orientation 
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Digitally designed - traditional slip-cast production. Ceramic 
Shell, ceramic installation at the 2014 Cevisama, Spain. 
Material Processes and Systems Group at Harvard GSD.1  

3KRWR��)HOL[�5DVSDOO�������

Digitally designed with deliberate tooling strategies - 
traditional slip-cast production. Chromosomes, screen wall  
exploiting tooling strategies for surface articulation of 
FROXPQDU�WLOH�VWUXFWXUHV��0DWHULDO�3UDFWLFH�DV�5HVHDUFK��
+DUYDUG�*6'�)DOO������FRXUVH�2  Photo: Harvard Graduate 
School of Design - Maggie Janik, 2014.

3-Axis extrusion production samples. Brick Geometries, 
MArch I Thesis, K. Hinz. Photo: K. Hinz, 2016.

6DPSOH�EULFN�GXULQJ�H[WUXVLRQ��VKRZQ�IXOO\�¿UHG�DW�ULJKW����3DUW�IDEULFDWHG�RQ�DQ�RSHQ�VRXUFH�
platform3�IRU�FHUDPLF��'�SULQWLQJ��7RROSDWK�VHWWLQJ�IUDPHZRUN�IRU�GLVFUHWH�ORRSLQJ�H[WUXVLRQ�DW�¿QLVK�
layer. Photo: K. Hinz, 2016. 

)XOO\�¿UHG�VDPSOH�EULFN��VKRZQ�GXULQJ�SULQWLQJ�DW�OHIW��LOOXVWUDWHV�
XQLTXH�WRROLQJ�SDUDPHWHUV�WKDW�FDXVH�YLVFRXV�IROGLQJ�LQ�WKH�¿QDO�
extrusion layer. Photo: K. Hinz, 2016.

Geometric diversity of 3-axis, 5-axis and 6-axis tooling. 3 and 5-axis additive 
manufacturing techniques are addressed in this work. Illustrations: K. Hinz. 2015.

&RPPRQ�OD\HU�EXLOGLQJ�DQG�LQ¿OO�VWUDWHJLHV�IRU�W\SLFDO��'�)'0�SULQWLQJ�ZLWK� 
ceramic extrusions. Illustration: K. Hinz 2015.

Future Research
-Exploit material properties for architectural effect using 5-axis   
�WRROLQJ�DQG�PRGL¿FDWLRQ�RI�H[WUXVLRQ�ÀRZ�UDWH�
-Perform structural analysis tests to characterize load bearing  
 capacities of 3 & 5-axis ceramic printed bricks and tiles. 
-Establish protocol for CAM-CAM software integration for 
�FRQGXFLYH�7RROLQJ�JHQHUDWLRQ�ZRUNÀRZ�
-Machine and material science development for integration into  
 ceramic manufacturing facilities.
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�@�3URWRW\SH�E\�6WHYH�)XFKV��³,QWHUDFWLYH��'�3ULQWLQJ�´�:RUNVKRS�DW�5RERWLF�)DEULFDWLRQ�LQ�$UFKLWHFWXUH��$UW�DQG�
Design 2016, Sydney, Australia.
�@�)DFXOW\�$GYLVRU��/HLUH�$VHQVLR�9LOORULD��6SRQVRU��0��%HFKWKROG�+DUYDUG�*6'�0D3�6�� 
� 6XSSRUWHUV�&RQWULEXWRUV��-��%LWWRQ��5��9URPDQ

Kevin Hinz. 
0DWHULDO�3URFHVVHV�DQG�6\VWHPV�*URXS��0D3�6���
Harvard University Graduate School of Design.

5-axis tooling geometric potential for  
unsupported ceramic 3D printing.  
Illustration: K. Hinz, 2016.

Cylindrical nozzle 5 Elongated nozzle5 Elongated nozzle in 6-Axis5
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5HVROXWLRQ�SULRULW\
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)ORZ�UDWH�SDUDPHWHUV�FRPPRQ�WR�ERWK���DQG�
5-axis extrusion with discrete geometric results. 
Illustration: K. Hinz, 2015.

Abstract
 Digital Technologies offer computational models and 
interfaces for strategies to analyze structure, articulate 
GHVLJQ�LQWHQWLRQ�DQG�GHYHORS�FUHDWLYH�SURGXFWLRQ�ZRUNÀRZV��
The knowledge and practice of material science, fabrication 
techniques and structure analysis are now well integrated 
with advanced geometric architectural proposals but 
often operating only at the scale of buildings. This work 
investigates the role of geometric scale within a digital 
framework for the production of architectural building 
components, namely, 3D printed ceramic bricks.

 Brick Geometries uses additive manufacturing 
techniques to build on to more than 6000 years of 
knowledge in architectural ceramics. Historically associated 
with craft-based manufacturing or high-volume industrial 
production, novel ceramic forms and innovative brick 
structures are typically developed from a ready-made, 
already existing selection of building components on sets 
of already made or custom fabricated machines, dies 
DQG�RU�¿[WXUHV��,Q�WKLV�OLJKW���'�SULQWLQJ�WHFKQRORJLHV�RIIHU�
architectural designers a break from well established 
manufacturing techniques. This exploration proposes a 
novel approach to the geometries embedded within ceramic 
FRPSRQHQWV�IDEULFDWHG�E\���	���D[LV�)XVHG�'HSRVLWLRQ�
0RGHOLQJ��)'0��SULQWHUV�XVLQJ�0XOWL�$[LV�$GGLWLYH�
Manufacturing as a function to rethink construction methods 
and geometric form.

Contribution
�@�$�SURGXFWLRQ�SODWIRUP�DQG�ZRUNÀRZ�IRU�XVH�RI�ZLWK�DQ�H[LVWLQJ�
��$[LV�,QGXVWULDO�5RERWLF�DUP��,5��IRU���D[LV�FHUDPLF�H[WUXVLRQ��

�@�,QWURGXFH�DQG�LGHQWLI\�EHQH¿WV�IRU�XVLQJ���D[LV��'�FHUDPLF�
printing when compared with limitations encountered in 3-axis 
printing. 

3] Propose a geometric logic for analyzing typical CAD geometry 
and using the output to design an parallel alternative set of 
JHRPHWU\�DQG�RU�FRGH�UHTXLUHG�WR�JXLGH�D�W\SLFDO�,5�

)ORZ�UDWH�SDUDPHWHUV�FRPPRQ�WR�ERWK���DQG���D[LV�H[WUXVLRQ�ZLWK�GLVFUHWH� 
geometric results. Illustration: K. Hinz, 2015.

Photo illustrates material effect of step-up 
DQG�ÀRZ�UDWH�SDUDPHWHUV�ZKHUH�FURVVLQJ�
toolpaths laid on the same plane disrupt 
VWHDG\�H[WUXVLRQ�ÀRZV�4,6  Photo: K. Hinz, 
2016.

Surface analysis and orientation strategies for perimeter  
toolpath generation of idealized part geometry. Illustration: K. Hinz, 2016.
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