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Introduction

Rapid Prototyping (RP) technologies offer designers and manufacturers the ability to make 

objects with greater speed, precision and ease than ever before. Having used RP technologies for 

several years, and coming from a traditional background rooted in the hand made, I am aware 

of how, when using RP technologies, time is increasingly compressed throughout the process of 

developing a prototype. “Slow Prototyping” explores an alternative to this compression. 

Design is not necessarily a rapid or linear activity. The development of a prototype requires time, 

RIWHQ�LQYROYLQJ�VHYHUDO�LWHUDWLRQV�DV�D�GHVLJQ�LV�UH¿QHG��0DQXDO�PHWKRGV�RI�REMHFW�PDNLQJ�RI-
fer me time to digest what I am doing. It is through labor and time that my mind and body learn 

from each other. Doing and thinking in fact complement one another. 

 

I saw project that follows as an opportunity to slow down the prototyping process. I was curious 

how the slow pace of a manual process might affect the design of the object. I also saw an op-

portunity to reconsider the RP process from the ground up. I wanted to appropriate prototyping 

technologies on my own terms, borrowing from concepts that made sense to me. In doing so, I 

might better understand current RP technologies. 

7KLV�SURMHFW�XVHV�FRQFHSWV�GHYHORSHG�LQ�¿HOGV�UDQJLQJ�IURP�³HDUO\´�UDSLG�SURWRW\SLQJ�WR�WRRO�DQG�
die manufacturing and even printmaking. I found that in solving the logistics of a layer-based 

building process, I came across solutions very similar to what have already been established in 

commercial RP systems. In this sense, certain principles are universal. What follows is an ac-

count of the project, and hopefully a reference for future projects. 

The goal

/LVD�7ROHQWLQR��D�3K�'��FDQGLGDWH�LQ�WKH�$UWV��0HGLD�DQG�(QJLQHHULQJ�SURJUDP�DW�$UL]RQD�
State University, approached me with the goal of creating housing for a handheld, wireless audio 

recording device. This device would be used by Lisa in her research which looks at the social 

interaction between children. The recording device would be used along with other devices in a 

motion-capture environment. The device should:

�� Conceal the recording device

�� Provide access to turn the recording device on and off and to change batteries

�� Be ergonomically comfortable for a wide range of hands

�� Be able to withstand abuse by children

The constant

When Lisa originally approached me about this project, she presented to me the walkie-talkie 

she was planning to use in the system. This was our starting point, the one constant from which 

our design began. We needed to design a form that could accommodate this walkie-talkie.
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,QLWLDO�IRUP�¿QGLQJ

Lisa’s initial ideas for the form were inspired by the act of speaking into something. These 

LQFOXGHG�D�SOXVK�WR\�LQ�WKH�IRUP�RI�D�VWLQJUD\��D�VTXHDN\�WR\�DQG�D�VWDU¿VK��:H�WKHQ�FRQVLGHUHG
basing the design on a sea shell, both because of its generous shape and because of its associa-

tions with sound, as both a speaker and a microphone.

/LVD�EURXJKW�VRPH�VKHOOV�VKH�KDG�FROOHFWHG�IURP�KHU�WUDYHOV�RYHUVHDV��7KHVH�ZHUH�DPD]LQJ��7KH\�
ZHUH�EHDXWLIXO�LQ�WKHLU�VXUIDFLQJ�DQG�WH[WXUH��0RUHRYHU��LW�ZDV�DVWRQLVKLQJ�WR�KROG�WKHP�LQ�RXU�
hands. It’s hard to believe these weren’t made for the human hand. The tactile and ergonomic  

qualities of these shells remained a source of inspiration for us throughout the project.

The initial walkie-talkie

Shells from Lisa’s collection
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In order to accommodate fabrication, I needed to simplify the shell shape. I started from 

scratch, considering alternative models for our underlying spiral geometry.

,�EULHÀ\�FRQVLGHUHG�DQ�$UFKLPHGHDQ�VSLUDO�EHFDXVH�LW�LV�HDV\�WR�PRGHO�ZLWK�LWV�FRQVWDQW�RIIVHW�
from the center. Additionally, the Archimedean spiral is part of most modeling software’s basic 

tools. However, we ultimately chose a Logarithmic spiral instead because it provides a more 

interesting shape in its cross-sectional variation and it seemed more ergonomic in its ability to 

DFFRPPRGDWH�D�YDULHW\�RI�KDQG�VL]HV�DQG�SRVLWLRQV�

Archimedean Logarithmic

7KH�ORJDULWKPLF�VKDSH�SURYHG�WR�EH�PRUH�FKDOOHQJLQJ�WR�PRGHO�WKDQ�,�¿UVW�WKRXJK��,�IRXQG�
some scripts which created very basic variations on the structure, but we needed more control 

RYHU�KRZ�WKH�VKDSH�ZRXOG�EH�GH¿QHG��SDUWLFXODUO\�IRU�WKH�SXUSRVH�RI�DFFRPPRGDWLQJ�D�ZDOO�
thickness). For these reasons, I eventually created a parametric model.

Which way should the tail of the spiral go? Did we want an “innie” or an “outie”? We decided 

to go with an outie. This would keep the entrance to the shell unfettered. It also created a natural 

area in which to integrate a lid.

Innie Outie
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Creating a parametric model

Rhinoceros 3D was used as the basic 3D modeling platform. While the entire design could 

KDYH�EHHQ�UHDOL]HG�WKURXJK�WUDGLWLRQDO��H[SOLFLW�PRGHOLQJ��,�GHFLGHG�WR�ZRUN�ZLWKLQ�D�SDUDPHWULF�
HQYLURQPHQW��DV�WKH�QXPEHU�RI�YDULDEOHV�FRXOG�EH�¿[HG�DQG�D�SDUDPHWULF�PRGHO�ZRXOG�DOORZ�XV�
to make changes to these variables quickly. I used Grasshopper, a Rhino plug-in, for the paramet-

ric modeling.

7KH�PDLQ�VWHSV�IRU�FUHDWLQJ�WKH�SDUDPHWULF�PRGHO�LQYROYHG�GH¿QLQJ�D�EDVH�VSLUDO��FUHDWLQJ�D�
series of perpendicular circles on that spiral, creating a lofted surface through the perpendicular 

circles, and offsetting a surface from the original surface, resulting in a solid model. 

%HORZ�DUH�D�IHZ�VFUHHQVKRWV�IURP�WKH�GH¿QLWLRQ�,�ZURWH�IRU�WKH�VKHOO«

Parametric variables for the model
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%HORZ�DUH�VRPH�SUHOLPLQDU\�YDULDWLRQV�DV�ZH�QDUURZHG�GRZQ�WKH�VL]H�DQG�VKDSH�RI�RXU�VKHOO��
7KHVH�PRGHOV�ZHUH�GHULYHG�IURP�WKH�*UDVVKRSSHU�GH¿QLWLRQ�DQG�LQ�VRPH�FDVHV�ZHUH�IXUWKHU�HG-

ited manually in Rhino.



- 7 -

Slow Prototyping an Audio Recording Device- Carlo Sammarco - ASU - 2012

A particular concern for the geometry related to how the wall of the shell intersected itself as 

it progressed through its spiral. There needed to be overlap, but not so much that the wall was 

EUHDFKHG��7KLV�SURYHG�GLI¿FXOW�WR�DFKLHYH�DV�WKH�RIIVHW�LV�FRQWLQXRXVO\�FKDQJLQJ��,¶P�VXUH�WKLV�
FRXOG�KDYH�EHHQ�GH¿QHG�PDWKHPDWLFDOO\�LQ�WKH�GH¿QLWLRQ�LWVHOI��EXW�P\�PDWK�VNLOOV�RQO\�FDUU\�PH�
VR�IDU��7KH�SDUDPHWULF�PRGHO�SURYHG�LQYDOXDEOH�LQ�DFKLHYLQJ�WKLV�DVSHFW�DPRQJ�D�KRVW�RI�LQWHU-
related parameters.

With the general variables set, the next stage was to approximate a scale model of the walkie-

talkie. The scale of the shell form was then tweaked, ensuring that the walkie-talkie was con-

tained within its volume.

Side and top views showing position of the walkie-talkie
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Below is a summary of the steps involved in modeling the lid...

Initial shell form

Sphere added to the center of the shell

Sphere scaled in the Z direction

A trimming plane is established.

After trimming, half the lid and shell remain. 
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7KH�PRVW�GLI¿FXOW�DVSHFW�WR�PRGHOLQJ�EHFDPH�DSSDUHQW�ZKHQ�QHJRWLDWLQJ�KRZ�WR�WULP�DZD\�WKH�
RYHUODS�RI�WKH�IRUP¶V�RXWHU�VKHOO��7KLV�ZDV�GLI¿FXOW�EHFDXVH�WKLV�HQWLUH�RXWHU�VWUXFWXUH�ZDV�GH-
¿QHG�E\�D�VLQJOH�VXUIDFH��5KLQR��DQG�PRVW�RWKHU�PRGHOOLQJ�SURJUDPV�IRU�WKDW�PDWWHU��FDQ�QRW�¿QG�
VHOI�LQWHUVHFWLRQV�RI�D�VXUIDFH��)XUWKHUPRUH��VRPH�RI�5KLQR¶V�WRROV��OLNH�([WUDFW,VRFXUYH�GLG�QRW�
solve the problem, since the intersection did not lie perfectly parallel to the surface’s UV direc-

tions and was in fact curved. 

Detailed view; back faces have been rendered in red and the inner shell surface has been hidden for illustrative 

purposes. Note the problematic self intersecting surface.

The intersecting areas between the lid 

and shell after trimming against one 

against the other.
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Flipped view of the above showing the outer aspect of the shape. The geometry has been clipped to give a cross-

section, again highlighting the problematic self-intersecting surface. 

The completed  shell.

Several strategies were combined to solve the self-intersecting problem. The result was a wa-

tertight solid model, which allowed for reliable boolean operations in later stages of modeling. 
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The interface between lid and body was chamfered. This angled area creates a natural stop, 

ensuring that the lid self-centers as it is seated...

Cross-section view of the body and lid interface.

Detail of the chamfered body and lid.
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Version 1 - Fabrication considerations

,Q�RXU�¿UVW�YHUVLRQ��ZH�WULHG�WR�DGGUHVV�WKH�FKDOOHQJHV�RI�WKH�GHVLJQ�DQG�IDEULFDWLRQ�RI�WKH�RE-

ject. This included the logistics of assembly, the geometry of the lid, and the registration system 

as described below...

Exploded view of the assembly showing the four 

discrete parts.

9LHZV�VKRZLQJ�ORFDWLRQ�RI�WKH�ZDONLH�WDONLH�LQ�WKH�¿QDO�VKHOO�DQG�ZLWK�OLG�LQ�SODFH�



- 13 -

Slow Prototyping an Audio Recording Device- Carlo Sammarco - ASU - 2012

The two halves of the shell were designed to be intersected by registration pins. These pins 

ZRXOG�DFW�DV�D�IDVWHQHU��KROGLQJ�ERWK�VLGHV�WRJHWKHU�DIWHU�DVVHPEO\�WKURXJK�D�SUHVV�¿W��SURYLG-

ing a tight, semi-permanent hold. The pins we chose were made from 1/8” music wire which we 

SXUFKDVHG�ORFDOO\�DW�,QGXVWULDO�0HWDO�6DOHV��7KLV�PDWHULDO�ZDV�VXUSULVLQJO\�FRQVLVWHQW�LQ�GLDPHWHU�
�FRQVLVWHQF\�EHLQJ�D�JRRG�WKLQJ�ZKHQ�GHDOLQJ�ZLWK�UHJLVWUDWLRQ����7KH�PHWDO�ZDV�FXW�GRZQ�WR�UH-
TXLUHG�OHQJWKV�ZLWK�D�KDFN�VDZ��WKHQ�JURXQG�WR�¿QDO�OHQJWK�ZLWK�D�EHQFK�JULQGHU�DQG�EHOW�VDQGHU��
A slight chamfer at the ends of the pins was added to help guide the layers during assembly.

Cylinders of the same diameter as our pins 

were used for boolean subtraction from 

both halves of the shell body.

Mock-up showing the resulting holes for the pins and the pins (shown in red). Pins are approximately 0.5” 

in total length. Registration holes on each half of the body are about 0.35” deep, ensuring the pins do not 

SRNH�WKURXJK�ZKHQ�IXOO\�VHDWHG��,QGLYLGXDOO\��WKH�SLQV�¿W�VRPHZKDW�ORRVH��ZKHQ�XVHG�LQ�XQLVRQ��WKH\�¿W�TXLWH�
tightly.

Registration pins cut to a variety of lengths.
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I needed some way to register all the different layers using a common set of points. This was 

accomplished by creating extensions from the shell which ensured contact with as many layers as 

SRVVLEOH��,�FDOO�WKHVH�³UHJLVWUDWLRQ�WDEV´��WKRXJK�WKH�¿UVW�WKLQJ�,�WKRXJKW�RI�ZKHQ�,�VDZ�WKHP�ZDV�
À\LQJ�EXWWUHVVHV�RQ�D�*RWKLF�FDWKHGUDO��7KHVH�WDEV�ZHUH�ERROHDQ�MRLQHG�WR�EHFRPH�SDUW�RI�WKH�JH-
RPHWU\�SULRU�WR�VHFWLRQLQJ��7KH\�ZRXOG�EH�PDQXDOO\�UHPRYHG�ZLWK�DQ�([DFWR�EODGH�DIWHU�JOXH�XS�

Registration tabs highlighted in green.

One half of the shell, booleaned and ready for sectioning.
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One of the two lids, ready for cross-sectioning (top and bottom views). Note that the registration tabs do not breach 

the inner walls of the geometry.

Cross-Sectioning the model

Cross-sectioning was done using Rhino’s “Contour” command. Contours were labeled manu-

ally using a number for each layer (34 layers for each half of the body).
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Spacing for the contours was determined by the thickness of the material. In this case, 

our Mat Board was 0.05” thick…

Mat Board is Warm Grey 794 by Bainbridge, purchased lo-

cally at Utrecht.
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The 34 layers for the one of the body’s halves, laid out after sectioning and ready for laser cutting (rectangles are 20 

x 16”). Detail shows the numbering system applied to the tabs.

0DWHULDO�&RQVLGHUDWLRQV

This object is primarily intended for children. As such, we were looking for something light-

ZHLJKW��ZDUP�WR�WKH�WRXFK�DQG�UHVLVWDQW�WR�NQRFNV�DQG�GURSV��0DW�%RDUG�ZDV�FKRVHQ�DV�LW�SUR-

vided many of these qualities. Also, it was available in relatively thin format, giving us decent 

UHVROXWLRQ�FRPSDUHG�WR�DOWHUQDWLYH�PDWHULDOV�OLNH�0DVRQLWH�RU�0')�

Laser Cutting

&XWWLQJ�ZDV�GRQH�RQ�DQ�(SLORJ�+HOL[����ZDWW�PRGHO��1R�VXUSULVHV�KHUH�UHDOO\��7KLV�WHFKQRORJ\�
LV�SUHWW\�PDWXUH�DW�WKLV�SRLQW��,W�ZRUNHG�DV�DGYHUWLVHG«�ZKLFK�ZDV�D�JRRG�WKLQJ�



- 18 -

Slow Prototyping an Audio Recording Device- Carlo Sammarco - ASU - 2012

Glue up of pieces

%HIRUH�JOXLQJ��ZH�RUJDQL]HG�WKH�SDUWV�EDVHG�RQ�WKHLU�VWDFNLQJ�RUGHU��
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We then intersected the registration holes of each part with the last and evenly applied glue 

LQ�EHWZHHQ�WKH�OD\HUV�XVLQJ�D�EUXVK�EHIRUH�DSSO\LQJ�SUHVVXUH��([FHVV�JOXH�WKDW�VTXHH]HG�RXW�ZDV�
UHJXODUO\�FOHDQHG�XVLQJ�D�GDPS��FOHDQ�EUXVK��7U\�JOXLQJ�WZR�ÀDW�VXUIDFHV�ZLWK�ZRRG�JOXH��7KH�
JOXH�FUHDWHV�D�WKLQ�¿OP��DOORZLQJ�WKH�SLHFHV�WR�VOLS�DQG�PRYH�PDNLQJ�SODFHPHQW�LQH[DFW��7KH�
registration pins really helped. They were in fact essential.
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The contour sections run higher on one side of the lid design than the other. We chose to use 2 

pins for registration on this higher side, as using just one wouldn’t have been enough for registra-

WLRQ�RI�WKH�¿QDO�OD\HUV«
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Glue considerations

$V�IRU�JOXH��ZH�FRQVLGHUHG�XVLQJ�F\DQRDFU\ODWH��D�N�D��FUD]\�JOXH���:KLOH�FUD]\�JOXH�VHWV�XS�
TXLFNO\��LW�GRHVQ¶W�SHQHWUDWH�WKH�VXUIDFH��,W�FUHDWHV�D�VXSHU¿FLDO�ERQG�EHWZHHQ�WKH�0DW�%RDUG�OD\-

ers. Additionally, there is no easy way to distribute cyanoacrylate evenly and its working time is 

too short. 

We chose Titebond III. It is affordable, waterproof when dry and provides a long working 

time. It also cleans up with water, making it easy to work with. The glue was evenly applied to 

each layer using brushes. As we were quite liberal with our glue usage, we did a lot of wiping 

off. This naturally left residue on the entire surface. Ultimately, this created a very durable sur-

face (perhaps a rare case where being messy is a good thing?).
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De-cubing

The term “de-cubing” was coined in the 90’s by a company called Helisys to describe the pro-

FHVV�RI�UHPRYLQJ�VXSSRUW�PDWHULDO�IURP�D��'�SURWRW\SLQJ�SURFHVV�FDOOHG�/DPLQDWHG�2EMHFW�0DQ-

XIDFWXULQJ��/20���7KLV�V\VWHP�XVHG�D�SDSHU�RU�SODVWLF�ODPLQDWH�ZLWK�DQ�DGKHVLYH��WKH�ODPLQDWH�
was cut, glued and stacked one layer at a time. The space surrounding the part was cut as a grid. 

This “negative space” provided a support during the layering process. It was cut in a grid like 

pattern to facilitate removal of the unwanted volume after the process was completed. The image 

below shows the de-cubing process in action (image courtesy of Cubic Technologies, Inc.).

,Q�RXU�FDVH�ZH�XVHG�DQ�([DFWR�EODGH�DQG�VWHDG\�KDQGV�WR�VKDYH�DZD\�RXU�UHJLVWUDWLRQ�WDEV«
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Impressions

7KH�SURFHVV�WRRN�D�ORQJ�WLPH��7KH�VWDFNLQJ�DQG�JOXLQJ�DORQH�WRRN�DERXW���KRXUV�IRU�WKH�ERG\�
and another 3 for the lid. That was with two people working and only for half the object. This is 

GH¿QLWHO\�QRW�³UDSLG´�SURWRW\SLQJ��'HVSLWH�WKH�ODERU��RU�SHUKDSV�EHFDXVH�RI�LW��WKH�UHVXOWLQJ�REMHFW�
has a warmth to it that resides somewhere between the cool mechanical world of prototyping and 

the warmth associated with more traditional fabrication techniques. The object is surprisingly 

light and resilient too, thanks in part to the exterior coating provided by the wood glue. This 

might be a paper product, but it doesn’t really feel like it. Also, the ridges of the layers provide 

an unexpected tactile reward to the hands that hold it. This is an object that wants to be held. 

As for the process, there were a number of issues I noticed, particularly with the registra-

WLRQ�V\VWHP��1DPHO\�LW�ZDVQ¶W�ULJLG�HQRXJK��7KHUH�ZHUH�RQO\�WKUHH�VHWV�RI�UHJLVWUDWLRQ�SLQV�IRU�
WKH�HQWLUH�OLG«�IDU�WRR�IHZ��$OVR��WKHUH�ZDV�QR�H[WHUQDO�UHIHUHQFH�IRU�WKHVH�SLQV��$V�VXFK��WKHUH�
was a noticeable drifting as the layers were stacked, almost as if the object was slightly skewed. 

)LQDOO\��RXU�UHJLVWUDWLRQ�V\VWHP�GLGQ¶W�DFFRXQW�IRU�WKH�ÀH[LELOLW\�RI�WKH�PDWHULDO��7KLV�EHFDPH�DQ�
issue in some of the internal areas of the layers of the body. What we really needed was registra-

tion points on the inside areas and a more rigid system (which is the whole point of a registration 

V\VWHP����7KHVH�LVVXHV�ZHUH�DGGUHVVHG�LQ�WKH�UHYLVHG�YHUVLRQ�

Note the gradual curving of the layers along the 

registration tab from top to bottom.

An abrupt shift in the layers is visible half way up the 

object. 
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Version 2 - Design and Fabrication revisions

For the revised version, we reconsidered our registration process. We designed a registration 

SODWH��LQGHSHQGHQW�RI�WKH�REMHFW��ZKLFK�FRQVLVWHG�RI�WZR�SLHFHV�RI�����´�0DVRQLWH��7KLV�SODWH�
would provide a reference plane for locating the registration pins prior to stacking the layers. Us-

LQJ�WZR�ERDUGV�VSDFHG�IDU�HQRXJK�DSDUW�ZRXOG�PLQLPL]H�ÀH[LQJ�RI�WKH�UHJLVWUDWLRQ�SLQV�

7KH�WZR�0DVRQLWH�ERDUGV�ZHUH�UHJLVWHUHG�WR�HDFK�RWKHU�XVLQJ�ó´�SUHFLVLRQ�JURXQG�VWHHO�GRZHO�
pins. Dowel pins are used as locator pins in the tool and die industry and can be purchased inex-

pensively through Grainger or other industrial suppliers. We stacked round spacers around the 

dowel pins that kept the offset between the two boards consistent. The entire registration assem-

bly snapped together very tightly.

Additionally, we added two pins for each registration tab, and also increased the number of 

tabs.

The two Masonite sheets. 'RZHOV�¿W�WLJKWO\�LQWR�WKH�0DVRQLWH�

1/4” precision ground steel dowel pins.
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A single spacer was added to each of the four corners on the bottom of the registration assem-

bly. This allowed the registration pins to fully protrude through the base when the assembly sat 

on the table. This small protrusion proved very helpful as we periodically needed to remove the 

pins to free the object and clean up glue on the underside. 

6SDFHUV�¿W�ORRVHO\�DURXQG�WKH�GRZHOV� The registration platform after assembly.

Registration pins fully protrude for easy removal from the 

bottom.
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$QRWKHU�UH¿QHPHQW�FRQFHUQHG�KRZ�WR�LVRODWH�WKH�¿UVW�IHZ�OD\HUV�IURP�WKH�UHJLVWUDWLRQ�SODWIRUP�
GXULQJ�JOXLQJ��:H�LQLWLDOO\�KDG�VRPH�SUREOHPV�DV�WKH�PDWW�ERDUG�WHQGHG�WR�VWLFN�WR�WKH�0DVRQLWH�
due to the liberal application of glue. To remedy this, we laser cut from paper the same hole-pat-

tern as the dowel pins and registration pins. This paper was laid down and was changed periodi-

FDOO\�IRU�WKH�¿UVW�IHZ�OD\HUV�RI�DVVHPEO\�XQWLO�WKH�ERWWRP�OD\HUV�ZHUH�GU\«
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%HORZ�LV�WKH�FKURQRORJ\�LQYROYHG�LQ�OD\HULQJ�HDFK�VHFWLRQ�XVLQJ�WKH�UHJLVWUDWLRQ�DVVHPEO\«

First section is registered Second section is lined up

Glue is applied with a brush Top section is lowered

Pressure is applied lightly by hand (TXDO�SUHVVXUH�LV�DSSOLHG�XVLQJ�D�³SOXQJHU´��7KLV�
plunger is an additional piece of Masonite with holes 

cut, allowing it to slide down through the registration 

pins.
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:H�UHPRYHG�WKH�UHJLVWUDWLRQ�SLQV�GXULQJ�WKH�LQLWLDO�¿UVW�IHZ�OD\HUV�RI�DVVHPEO\�VR�WKDW�ZH�
could wipe off any excess glue and also to replace the resist paper so that it didn’t stick to the 

bottom layers of the assembly.  

The pins where pulled through the bottom of the registration assembly. This placed the registration tabs in compres-

sion, ensuring that the layers didn’t separate while the glue was setting.

A brush was used to wipe off any excess glue. To replace the pins, we inserted them from the 

top, again ensuring compression of the layers.
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The lid was designed to snap top the body using mag-

nets (of the rare earth variety, purchased at “Woodcraft”). 

For these, we provided three compartments on both the lid 

and body. These compartments became part of the virtual 

models and were sectioned along with everything else dur-

ing laser cutting. The magnets were then embedded during 

the layering process when we reach the appropriate layers. 

When complete, the magnets were completely embedded 

and concealed within the structure.

Due to the space requirements of the walkie-talkies, 

we were restricted to three magnet pockets (i.e. three in 

WKH�OLG��WKUHH�LQ�WKH�ERG\���,I�ZH�KDG�WR�UHGR�WKLV��,�PLJKW�
consider adding a fourth set, or perhaps doubling up the 

magnets in each pocket to increase their strength. In the 

HQG��WKUHH�ZRUNHG�¿QH��FRQVLGHULQJ�WKDW�WKH�OLG¶V�HGJH�VLWV�
slightly recessed in the body and isn’t going anywhere un-

less it is willfully pried apart.

Embedding a magnet during the stacking of the layers.
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The magnet compartments were modeled by adding enough volume to fully encompass the 

magnets. These volumes were then boolean unioned to the respective body and lid, as shown 

below...



- 31 -

Slow Prototyping an Audio Recording Device- Carlo Sammarco - ASU - 2012

Front and rear views of the body/lid interface. 

The rectangular elements house the magnets. 
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During the stacking process for the main body, we encountered an island area which resulted 

IURP�WKH�FXUYHG�GHVLJQ�RI�WKH�ERG\��,Q�RXU�¿UVW�YHUVLRQ��WKLV�LVODQG�KDG�QRW�EHHQ�VSHFL¿FDOO\�DG-

GUHVVHG��:H�QRWLFHG�WKHUH�ZDV�FRQVLGHUDEOH�ÀH[�LQ�WKH�0DW�%RDUG��PDNLQJ�SODFHPHQW�GXULQJ�JOX-

ing inexact. In re-designing the registration assembly for the main body, we added an additional 

registration tab to this inside area. We increased the number of pins for all tabs to two, further 

decreasing the chance for misalignment. We also increased the number of tabs on the outside of 

the form. These changes greatly improved stiffness and registration in the second version.

$OVR��ZH�UHDOL]HG�WKDW�WKH�KROHV�ZKLFK�ZRXOG�HYHQWXDOO\�EH�XVHG�WR�UHJLVWHU�WKH�WZR�FRPSOHWHG�
halves of the body could also be used during the early stages of the layering process as additional 

UHJLVWUDWLRQ�KROHV��7KHVH�FDQ�EH�VHHQ�DV�WKH�VKRUW�SLQV�LQWHUVHFWLQJ�WKH�0DW�%RDUG�OD\HUV�LQ�WKH�
image below...

First version Second version
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Applying glue to one of the body parts during the early stages. Working in 

tandem was the only way to ensure good glue application before the glue set.

Detail of a registration tab with 

the current layer number visible.

One of the two body parts nearing completion.
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The body and lid completed and still attached to their build plates. 

:KHQ�ZH�¿QLVKHG�JOXLQJ�WKH�OD\HUV��ZH�OHIW�WKH�SDUWV�DWWDFKHG�WR�WKH�EXLOG�SODWHV�VR�WKH\�FRXOG�
IXOO\�FXUH�DQG�GU\�HYHQO\��,�WKHQ�UHDOL]HG�KRZ�WKLV�UHVHPEOHV�WKH�EXLOG�SODWHV�XVHG�IRU�6WUDWDV\V¶�
)'0�V\VWHP��VKRZQ�EHORZ���
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Two lids and two bodies along with guide pins, ready for assembly!
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Assembly

After some initial testing, Lisa decided to forgo the original walkie-talkies in favor of a wire-

OHVV�PLFURSKRQH�ZKLFK�SURYLGHG�EHWWHU�VRXQG�TXDOLW\��/XFNLO\��WKLV�XQLW�¿W�LQWR�RXU�GHVLJQ�ZLWK�
MXVW�D�VOLJKW�PRGL¿FDWLRQ�WR�WKH�PDJQHW�KRXVLQJV�RI�WKH�PDLQ�ERG\�

7KH�¿QDO�HOHFWURQLFV�XVHG�

Installing guide pins for the body.

Final assembly was pretty straight forward. We started off by installing our guide pins...
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1H[W��WKH�KHDGVHW�IURP�WKH�ZLUHOHVV�V\VWHP�ZDV�SRVLWLRQHG��7KLV�¿W�SHUIHFWO\��DOPRVW�DV�LI�LW�
KDG�EHHQ�GHVLJQHG�IRU�WKLV�VKDSH���

7KH�WZR�KDOYHV�ZHUH�WKHQ�SUHVV�¿W�WRJHWKHU
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With the halves joined and the lids in place, the system was assembled and ready for use.
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7KDQNV�WR�WKH�YDULDEOH�WKLFNQHVV�RI�WKH�ERG\��WKH�¿QDO�REMHFW�FDQ�DFFRPRGDWH�D�YDULHW\�
RI�KDQG�VL]HV�DQG�SRVLWLRQ��(UJRQRPLFV��WRJHWKHU�ZLWK�WKH�WDFWLOH�TXDOLWLHV�RI�WKH�VWHSSHG�
surfaces, result in an object that wants to be held!


