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ABSTRACT: Modern rapid fabrication methods such as 3D printing allow to materialize, with 

certain accuracy, almost any virtual object. However, high cost, printing time, problematic quality 

and strength, limitations to the size of such a prototype–are still major disadvantages. This paper 

presents an economical approach to the fabrication of a physical model of the innovative modular 

Truss-Z system [1–2]. Two practical methods of fabrication are demonstrated: a wooden truss 

module assembled and glued using a metal template (a straightforward concept close to the 

assembly process of the actual units with pre-cut members) and an innovative method of casting the 

structural units from resin using the 6-part silicone rubber mold system. The fabricated object 

represents a class of a complex 3D shape which cannot be produced by a single extrusion. 

Keywords: resin casting, fabrication, modular truss, physical model, template system, reusable 

mold. 

 

1. I�TRODUCTIO� 

Truss-Z (TZ) is a concept of a construction 

system which composed of only two modular 

units allows the creation of complex three-

dimensional structural networks in a given 

environment. The system also permits the 

creation of loops and multiple branches of the 

structure. Such free-form networks can connect 

almost any given number of points in space 

(terminals). The parts of the structure can be 

disassembled after a certain period of time and 

reconfigured into an alternative configuration. 

The system is modular and a number of 

discrete optimization methods have been 

proposed [3,4,5] 

According to common understanding, 

“design” is a process of inventing physical 

objects which display new physical order, 

organization, form, in response to function [6]. 

Thus, producing a physical object from a 

virtual model is an essential part of a computer 

aided design in architecture or engineering [7]. 

 Moreover, fabrication of a scale model is 

usually an important verification step during 

the design process and a major stage in the 

production of a final (full scale) object. 

Although it has always been a core part of the 

designing process, due to the recent 

developments in both: new fabrication tools 

and growing complexity of objects generated in 

computed aided design (CAD) programs, the 

practice of making physical models become 

even more common. For over 15 years, rapid 

prototyping has been an integral part of the 

design process in the car and aerospace 

industry [8]. Recently the architecture 

profession has started to use these techniques in 

its design process [9]. For example, a major 

architectural office Foster & Partners rapid 

prototyping department produces 

approximately 3500 models a year [10]. 

In case of TZ, which is an interdisciplinary 

project, making a medium-scale model (1:32) 

was a undertaken for three main reasons: 

� the “hands-on” examination and 

verification, 

� improvement of the idea for practicality, 

� communication with others (specialists, 

students and potential users). 
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Since the system is modular, it is more 

practical to produce several identical units than 

a model of the entire truss structure. In this way 

various configurations can be demonstrated and 

their feasibility examined. Additionally, making 

a model which can fully convey this idea 

requires a larger number of units as shown in 

figure 1. 

 

 

Figure 1: An assembly of 28 modules showing 

some key features of TZ: branching (in two 

points) and a loop. 

 

Moreover, every module must have possibly 

perfect geometry. Since the model is to be 

composed of many units even a small error 

multiplied may accumulate into a large 

imprecision. As a result, the fabrication process 

focused on making the unit trusses as precisely, 

efficiently and inexpensively as possible at the 

university workshop. In this sense, this process 

differs from a typical rapid prototyping method, 

where in a similar case the entire truss structure 

or a number of sample configurations would be 

produced–most likely by 3D printing as shown 

in figure 2. 

 

 

Figure 2: The CAD model and the small-scale 

(1:200) 3D print (uPrint) of an example of a TZ 

network. The suspended original Easter Egg 

shows the scale of the object. 

 

The TZ structures are composed of only two 

units–R and L (figure 3), which are mirror 

reflection of each other. Units are named 

according to the right-hand rule: the module 

shown in top left of figure 3 in light gray is 

called R (“right”–turning left and ascending) 

and the one shown in dark gray–L (“left”). By 

rotation, the modules can be assembled in two 

additional ways (R2–rotated R and L2–rotated 

L), effectively giving four types of units. 
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Figure 3: The two modules put together. On the 

top–the CAD model and the 3D print (Eden 

250). On the bottom–the resin cast and the 

wooden bar truss. 

 

Since the process is exactly the same for both 

types of modules, the text below describes the 

process of fabrication of the “right” one (R). 

2. THE GEOMETRY OF THE MODULE 

The geometrical characteristics of the (right) 

unit are shown in figure 4. The different views 

show that an extrusion in any direction is not 

possible and therefore the fabrication of this 

shape is not obvious. The first, intuitive attempt 

was done using 3×3 mm wooden bars. 

 

 

Figure 4: The R (“right”) module : On the top–

top view, on the bottom: front, side and back 

views. 

3. THE TEMPLATE 

Wood is a very good and common material for 

making models as well as the actual 

construction. There is a great tradition of timber 

joinery both in the East and West. Nevertheless, 

the great majority of common timber joints are 

perpendicular, which is not the case here, where 

most of the connections are not at the right 

angles and some of them are not even coplanar. 

This is a major problem for making the truss 

strong, since making notches (for halved joints) 

which are not perpendicular in so many such 

small elements is not realistic. Due to the 

complexity of the module, somewhat unusual 

geometry, and the precision required for every 

element, a metal template was prepared as 

shown in figure 5. The template was meant to 

be reusable. The most difficult problem to 

overcome was the opening of the template after 

completion of the truss module. All the plates 

of the template were cut from 2 mm aluminum 

sheet using the wire-cut type electric discharge 

machine (EDM). Unlike milling machines, this 

type of computer numerical control machine 

(CNC) allows cutting acute angles as well. The 

elements for cutting were appropriately 

arranged in CAD ensuring that the material will 

be used rationally and the spacing among 

elements will eliminate vibrations during the 

cutting process. Next, the data was exported to 

the computer aided manufacturing program 

(CAM), where cutting paths were designed and 
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parameters for EDM were set. The cutting 

process greatly depends on the type and 

thickness of the material and it takes a fair 

amount of experience. The CAM program was 

completed according to the Japanese Industrial 

Standard (JIS). 

After cutting the aluminum, elements were 

assembled using a 2-part epoxy. Since elements 

of the templates for the two modules are 

symmetrical, to avoid confusion special 

markings were cut on all of the elements. It 

seems a minor issue, but in practice, it greatly 

facilitated the actual manual “mass-production” 

of the trusses. Making of such a template, 

however, is also possible with strictly manual 

tools from other types of materials: acrylic, 

wood, plywood, etc. 

 

Figure 5: Isometric views of the model of the 

template and a wooden unit. 

 

The process of assembling a module using the 

template and opening the template in order to 

release the completed truss are shown in figure 

6. 

 

Figure 6: The photographs 1-6 show the 

sequence of assembling the wooden truss 

module; the photographs 7-9 show the 

sequence of opening the template. The wooden 

bars are trimmed flush afterward. 

 

Presumably, this is the simplest fabrication 

method. 

Advantages: 

1. The result is fairly fast and the quality 

of the module is satisfactory. 

2. The making of the template and the 

assembly of a truss unit is fairly easy. 

3. An analogous method could be used to 

make the final (full size) truss of timber with 

wood joints. 
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Disadvantages: 

1. The physical model is a rather coarse 

approximation of the CAD model. 

2. The joints are especially problematic 

due to the evident eccentricity which also 

causes their relative weakness; 

3. Although not very difficult to make, 

each module requires careful labor for 

approximately 45 minutes. 

4. THE RESI� CAST 

Since making the model of a sample TZ 

configuration requires several units of only two 

kinds, a mold for resin casts is an interesting 

alternative. Due to the geometrical complexity 

of the unit, and the fact that it must be possible 

to separate the cast from the mold safely a 

number of times (without destroying either of 

them), the creation of the reusable mold was 

challenging and resulted in a fairly complex    

6-part system as shown in figure 7. 

 

 

Figure 7: The CAD model of the mold and the 

cast. 

Due to the high slenderness of the truss 

members, the unit module is rather fragile. To 

avoid problems with separating the cast from 

the mold, a non-rigid material, in this case, 

silicone rubber was used. 

4.1 Aluminum negative mold 

A “negative” form to make the silicone rubber 

mold was designed and fabricated from 

aluminum sheets as shown in figure 8. 

 

 

Figure 8: The assembly diagram of the 

“negative” mold made of aluminum plates. 

 

The preparation and cutting of the elements is 

analogous to the template for the wooden-bar 

model. Most of the parts were cut from 1 mm 

and some from 3 mm aluminum sheet 

(additionally two elements were cut from 4.38 

mm and four from 7.5 mm aluminum). It is 

advisable not to use materials which require 

customization of thickness on a large surface. 

Preparation of such material was done using a 

face milling machine which is cumbersome and 

rarely produces fully satisfactory results. Since 

the available metal sheets usually hold their 
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thickness exactly, it is advisable to design the 

elements so they use plates of standard 

thicknesses. Unlike the wooden-bar template 

system, the manual fabrication of these forms, 

although possible seems very difficult–mostly 

because of the large number of small parts. 

After assembling, the molds were filled with a 

commercially available silicone rubber and the 

“positive” forms were created as shown in 

figure 9. 

 

 

Figure 9: The aluminum “negative” molds and 

the silicone rubber casts which become the 

molds for the final resin casts. 

4.2 Resin cast units 

“RTV Silicone Rubber KE-17” by Sin-Etsu 

Chemical Co., Ltd. was used, due to the proper 

workable time, viscosity before curing and the 

curing time. The procedure was as follows: the 

curing agent of which standard amount was 

0.5% to the base silicone rubber was added to 

the required amount of the base silicone rubber. 

The mixture was mechanically stirred for 5 

minutes. In order to thoroughly remove air 

bubbles, the mixture was subject to a vacuum 

chamber for 30 minutes. Afterward, the mixture 

was gently poured into the “negative” molds. In 

the case of the aluminum molds, a releasing 

agent was used on the surfaces. In the case of 

the 3D printed molds it was not necessary. The 

molds were left to set overnight. After curing, 

the silicone rubber “positive” molds were 

removed from the “negative” molds. 

For the cast material the “Crystal Resin” by 

Nissin Resin Co., Ltd. was used. The properties 

of the resin are: low viscosity for good 

penetration of the mold (approximately 1000 

mPa·s), comfortable workable time (60 

minutes), and required strength. This material 

consists of a base liquid epoxy resin and a 

curing agent. The curing agent of which the 

ratio to the base liquid resin is 50 to 100 was 

poured into the base liquid resin, and the 

mixture was well stirred. Material was injected 

slowly from the lowest point of the mold using 

a syringe. Because the parts of the silicon mold 

were cast separately, for the first hour of setting 

the resin inevitably leaks–mostly into the 

spaces among the 6-part mold. Therefore a 

small additional tank was installed at the 

highest point of the mold as shown in figure 11. 

The excess of resin residue (20% in addition to 

the theoretical volume of the cast) was left over 

in that tank making certain that no air bubbles 

return inside the mold. During the first hour 

after injection, most of the resin from the tank 

gradually returned to the mold. Although the 

full curing takes up to 36 hours, the cast may be 

removed safely from the mold already after 12 

hours and while still a little soft, the excess of 

resin can be cleaned off with a sharp cutter or 

scalpel. The casts can be tinted with coloring 

agents for epoxy resin which are readily 

available from various manufacturers. 

Alternatively a colored liquid resin, such as 

urethane can be used. 

 Every module can also be 3D printed as 

shown in figure 3. The advantage of such a 

method is the speed (a matter of hours, 

depending on the machine) and the geometry 

which is almost flawless. Although this seems 

the simplest way, it has also certain 

disadvantages: relatively high cost and medium 

strength, which is lower than of a regular resin, 

although comparable with the wooden models 

mentioned before. Obviously the higher the 

strength, the higher the price. Another major  

disadvantage is still the size of such a print. An 

alternative method which takes advantage of 

the 3D technology and is still capable of 

producing multiple resin cast units 

inexpensively is presented below. 
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4.3 3D printed negative mold 

The “negative” mold for the silicone rubber 

“positive” mold to be finally used for resin 

casts was 3D printed on uPrint personal printer 

(by Dimension 3D Printing) as shown in figure 

10. 

 

 

Figure 10:  3D printed “negative” mold. 

 

 

Figure 11: Comparison between the silicone 

rubber molds made from a 3D print (top) and 

aluminum plates (bottom). The 3 photos show: 

a closed mold, raw cast and the cleaned cast. 

 

The print was done with acrylonitrile butadiene 

styrene (ABSplus) resin with strength of 

approximately 30 MPa. 

 

 

 

 

 

 The procedure of making the casts is the 

same. Due to fairly low vertical resolution of 

the 3D print (the layer thickness = 0.254 mm), 

the “handmade” aluminum molds produced 

smoother surfaces with less internal leakage 

between the parts of the mold as shown in 

figure 11. 

5. CO�CLUSIO�S 

This project is an example showing that 

modern CAD systems allow designing and 

producing physical objects, which were not 

possible before, at least not in a university 

workshop environment. Fabricating the kind of 

shape represented by TZ module requires 

thorough analysis in 3D of the virtual model. 

Moreover, the Boolean solid operations such as 

subtraction, intersection and union of elements 

were used excessively–actions which can only 

be performed on a virtual model. Moreover, the 

practicality of the “undo” and “copy” functions 

can not be overestimated in any designing 

process. 

The feasibility of any fabrication depends on 

the resources: time, money, man-power, tools,  

etc. This example shows also that although 

CNC machines significantly simplify the 

fabrication process, it is still possible to 

produce rather complex objects using 

traditional tools (after thorough preparations in 

CAD). A rational use of the 3D print 

technology can significantly facilitate the 

fabrication without increasing the cost 

excessively. Due to still relatively high cost of 

3D prints a hybrid mold (3D print + aluminum 

plates) seems also an interesting alternative. 
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