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Figure 1: Examples of E-Joint Devices : a) Electronic Instrument; b) Posture Monitoring Chair; c) Modular Appliance Sets 
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ABSTRACT 
The advent of conductive thermoplastic flaments and multi-material 
3D printing has made it feasible to create interactive 3D printed ob-
jects. Yet, challenges arise due to the volume constraints of desktop 
3D printers and the high resistive characteristics of current con-
ductive materials, making the fabrication of large-scale or highly 
conductive interactive objects can be daunting. We propose E-Joint, 
a novel fabrication pipeline for 3D printed objects utilizing mortise 
and tenon joint structures combined with a copper plating pro-
cess. The segmented pieces and joint structures are customized in 
software along with integrated circuits. Then electroplate them for 
enhanced conductivity. We designed four distinct electrifed joint 
structures in the experiment and evaluated the practical feasibility 
and efectiveness of fabricating pipes. By constructing three appli-
cations with those structures, we verifed the usability of E-Joint 
in making large-scale interactive objects and showed the path to a 
more integrated future for manufacturing. 
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1 INTRODUCTION 
With the advancement of personal fabrication technologies such 
as desktop 3D printers and laser cutting, more common users can 
freely create physical objects of their design [52]. One area of the 
application that has received considerable attention is using 3D 
printing technology to create interactive objects [1, 2, 6, 9, 21]. 
This printing method enables 3D-printed objects with integrated 
circuits, providing opportunities for rapid prototyping and pro-
totyping exploration in the HCI research feld. Concurrently, as 
electronic products continue to grow in popularity, there is a rising 
demand for manufacturing large-scale interactive objects. However, 
for personal manufacturing in the HCI feld, traditional manufac-
turing methods are limited by the size constraints of desktop 3D 
printers. This poses challenges when trying to manufacture inter-
active objects that exceed the printer’s forming volume [34, 37, 50]. 
When products exceed these volume restrictions, connections be-
tween various components inevitably become an issue. Traditional 
methods for physical connections between parts include adhesive 
bonding [70], fasteners [23], and hot melt [15, 58]. These methods 
might be difcult to implement and could compromise the stability 
of the connected parts. For electrical connections, techniques such 
as welding [33], magnetic connection structures [13], connectors, 
and probe contacts [49] are typically employed. However, there are 
still relatively few methods for satisfying physically and electrically 

stable connections in the feld of personal fabrication of interactive 
objects. 

On the other hand, due to the constraints of the conductivity of 
existing printing materials, most existing applications are capaci-
tive sensors [3, 16, 20, 26]. Selective electroplating of 3D interactive 
objects has attracted attention in the HCI feld in recent years, ofer-
ing new opportunities for manufacturing interactive objects with 
higher conductivity [37]. However, existing selective electroplating 
is usually limited to the outer surface of the object, leaving the 
circuits vulnerable to external factors. Under high-load conditions, 
high currents and heat generation in surface circuits can also pose 
safety threats to users [20]. Furthermore, existing solutions to the 
cross-line interference problem predominantly involve via holes, 
and most can only accommodate two layers: a front layer and a 
back layer [20, 61]. These problems limit the ability to manufacture 
more complex large-scale interactive objects. 

To address these existential issues, we propose E-Joint, a design 
and manufacturing technique for building large-scale 3D printed 
products. The inspiration was taken from traditional Chinese mor-
tise and tenon techniques, and we used improved circuit design to 
realize the interconnection between diferent components. These 
are designed with a connection structure that allows the parts 
to be connected by a simple assembly process, ensuring a stable 
contact of the conductive circuits. Further, to cater to diferent 
connection scenarios, we have designed four types of electrifed 
joint connections (straight joint, dovetail joint, expansion joint, 
and spring-clip straight joint). Additionally, we have proposed a 
method for implementing high-load internal circuits, which can 
perform electroplating within large-scale 3D-printed interactive 
objects by establishing cavities within the object. This allows these 
3D interactive objects to be embedded in high-load conductive 
circuits. In order to make our approach more accessible to users 
(researchers, designers, and artists in the HCI feld who have a basic 
understanding of electrical knowledge and personal manufacturing 
experience) , we have developed an application extension based 
on Rhino3d, which includes built-in functions such as model seg-
mentation, generation of electrifed joint structures, and creation 
of internal three-dimensional circuits. 

In the fabrication pipeline of E-Joint: (1) users utilize the Rhino 
plug-in we provide to lay out circuits and plug-in structures on 
their created models and then export them for 3D printing; (2) users 
electroplate the printed parts, causing the exposed conductive PLA 
parts to be copper-plated; (3) users embed the required electronic 
components into the machined 3D printed parts and assemble all 
the parts to complete the prototype production pipeline. 

Subsequently, we conducted a series of evaluations on the joint 
structures and electroplated circuits to verify the reliability of the 
E-Joint. Finally, through three application cases (posture moni-
toring chair, electronic instrument, and modular appliance sets), 
we demonstrated large-scale interactive objects constructed using 
diferent forms of joints. We demonstrated that the E-Joint is a 
manufacturing method that can contribute to the construction of 
large-scale interactive objects. 

In summary, the contributions of this paper are as follows: 
1) A novel fabrication pipeline that focuses on electroplating en-

hanced electrifed joints to create large-scale 3D printed interactive 
objects. 

https://doi.org/10.1145/3654777.3676398
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2) A software to separate and customize joints for large-scale 3D 
printed objects. 

3) The evaluation of the electrifed joints and the feasibility of 
the fabricated pipeline. 

2 RELATED WORK 

2.1 Fabrication of Interactive Prototypes 
Historically, the feld of HCI has been dedicated to integrating 
interactive interfaces with physical prototypes [63]. Researchers 
have continued to explore methods for building interactivity on 
physical surfaces, such as spraying conductive materials [13, 64, 
71], fexible deformation [18, 31], screen printing [42, 43, 65], and 
inkjet printing [27, 67]. Many works attempt to lay out conductive 
materials on prototype surfaces to fabricate circuits [69] and embed 
electronic functions [68] that interact with each other. For example, 
SurfCuit [57] achieves interaction by embedding copper tape in 
V-shaped channels laid out on the surface of 3D printed objects and 
soldering electronic components. Narjes et al. [46] created Print-A-
Sketch, which combines hand-drawing and functional electronic 
printing, supporting sketching interactive interfaces on everyday 
objects. These methods achieve interactive functions by attaching 
materials to complete prototypes’ surfaces. 

Other researchers have explored how to fully utilize the poten-
tial of objects to create electrical functionality while maintaining 
surface properties. They have also work to achieve designs based 
on highly curved organic geometries and varying visual-tactile 
surface properties. For example, Freddie et al. [20] described a 
thermoformable circuit board (TCB) technology that utilizes the 
thermoforming properties of 3D printed plastics, electroplating, 
and thermo-bending the 3D printed parts to construct good electri-
cal performance. FiberWire [53] formd low-resistance conductors 
through laser ablation and fber printing between layers of carbon 
fbre composites, realizing the design of carbon fber-based circuits 
inside mechanically robust parts. ObjectSkin [17] added conformal 
interactive interfaces to everyday objects using hydrographic print-
ing techniques, enriching the interaction possibilities of geometric 
objects. Gabriel et al. [48] used silver nanoparticle ink to print func-
tional conductive patterns on 3D objects at unconventional angles, 
enabling circuits to hydro-print diferent 3D printed structures and 
materials at low temperatures. 

2.2 Modular Design and Personal Fabrication 
With the widespread adoption of rapid design and manufacturing, 
there is an expectation for individuals to engage in a variety of 
personal creations using personal fabrication tools. However, due 
to the volume limitations of personal fabrication tools, traditional 
fabrication methods have encountered difculties in producing 
large-scale interactive products. Researchers have attempted to 
explore how to connect one component to another through a pair 
of matched joints and investigate the generation of binding forces 
between components, including the use of traditional joining meth-
ods such as adhesives [24, 56, 59], riveting [4, 25, 66], and welding 
[33, 36, 41]. 

In addition to these traditional methods, there are many re-
searchers who try to deform materials [19, 60, 62] or attempt to 
create innovative assembly structures. For example, Kim et al. [29] 

designed a reconfgurable legged robot that utilizes a magnetic 
mechanical coupler to couple the legs to the body magnetically. 
BitSnaps [51] are color-coded magnetic connectors located at each 
end of all littleBits modules, allowing users to make their modules 
by connecting BitSnaps to the two lots of a printed circuit board. 
These tools all require new modules to be placed on top of existing 
parts to complete the connection between parts. 

Other works have attempted to modify existing parts to create 
more integrated matching patterns. For example, FoolProofJoint 
[44] is a software tool that simplifes the assembly of laser-cut 3D 
models and reduces the risk of incorrect assembly by modifying 
fnger joint patterns. MatchSticks [55] is a digital woodworking 
fabrication system that allows users to more efciently express their 
design intent directly to CNC fabrication tools, creating diferent 
joints to join two separate pieces of wood. However, such methods 
rely on the reduction of available materials and require the use of 
large machining equipment. Oh, Snap! [49] proposes an interface 
concept that magnetically connects 3D objects to conventional 
electronic devices. 

Meanwhile, researchers are exploring how 3D printing can be 
used to construct fexible and adaptable connection structures. 
TrussFab [35] is an integrated end-to-end system designed with 
a snap-and-thread connector to connect plastic bottles, allowing 
users to fabricate large structures that are robust enough to be 
used on desktop 3D printers. Koga et al. [32] proposed a new Ajax 
pin snap-in joint type based on fully 3D printed parts. Snap-in 
joints, and Ajax pins generate mechanical and bearing forces at 
the interface between parts to achieve joint strength comparable to 
adhesives and metal bolt joints. Song et al. [50] proposed a novel 
voxel-based approach that divides a 3D object model of a given 
general shape into interlocking 3D parts so that the 3D object can 
be printed together with smaller parts connected by 3D interlocks. 

However, these designs only consider connections in terms of 
shape and structure. If it is desired to continue implementing elec-
trical functions or installing electronic components between these 
parts, additional wiring connections, embedding of magnetic com-
ponents or soldering may be required. This means more steps and 
longer manual handling times. Therefore, we are exploring a con-
nection structure that can conveniently realize both physical con-
tact and electrical function simultaneously. 

2.3 Realization of the Conductive Function 
Conductive materials play an essential role in scientifc research 
and engineering applications. In the manufacturing industry, con-
ductive materials and processes are often sought to meet the need 
to implement electronic functionality. 

Conductive silicone has the advantages of good adhesion, wide 
strain range, low resistance and high sensitivity [38]. CurveBoards 
[72] provides a new electronic prototyping technique by flling 
channels with conductive silicone to form conductive circuits. 

Conductive inks have excellent conductivity and fexibility, which 
are critical for constructing the next generation of fexible electronic 
devices [47]. It is typically used in combination with techniques 
such as inkjet printing [45, 67], spray painting [71], screen printing 
[42, 43, 65], and water transfer printing [48]. For example, Feng et al. 
[13] sprayed conductive silver ink onto laser-cut acrylic panels to 
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create a design and fabrication technique that combines electronic 
circuits and mechanical structures for interactive prototypes. Using 
screen printing technology, Kim et al. [28] fabricated a potentio-
metric sodium sensor based on a two-electrode structure with fast 
response time, high sensitivity, repeatability and selectivity. 

Conductive liquid metals, featuring high conductivity and stretch-
ability, have emerged as a promising solution for robust and durable 
electronics. For instance, Fassler et al. [12] encapsulated liquid al-
loys as a conductive medium in silicone, ensuring that the circuit 
components within the silicone retain their electronic function-
ality after stretching. These soft electronic devices can be placed 
around the skin and joints without interfering the body’s natural 
compliance and movement. Cao et al. [11] explored the immense 
potential of conductive liquid metals in guiding the development of 
future epidermal devices and systems. Nagela et al. [39] proposed a 
scalable and achievable DIY fabrication method to fabricate silicon-
based devices using silicone and conductive liquid metals. Liquid 
metals or their alloys ofer superior alternatives to conductive and 
functional components for stretchable electronic products due to 
their high conductivity and excellent fuidity. 

Conductive PLA is known for its high strength, fexibility, and 
abrasion resistance and has also been developed for use in environ-
ments with high thermal loads [8]. Brito et al. [10] deposited con-
ductive materials on images to provide auditory feedback through 
printed components to assist visually impaired children in reading. 
[40] applied 3D printed conductive models to augmented reality 
(AR) environments, enabling bidirectional interaction between the 
physical world and the digital world. Flowers et al. [14] employed 
a bi-material fused flament fabrication technique to 3D print elec-
tronic components and circuits from conductive thermoplastic fl-
aments, demonstrating the potential of 3D printing in creating 
complex 3D circuits consisting of embedded or entirely printed 
electronic components. 

Copper, with its excellent electrical conductivity, thermal con-
ductivity, corrosion resistance and low cost, is the preferred ma-
terial for realizing electrical functions [22]. SurfCuit [57] soldered 
electrical components to interact with each other using a melting 
technique where highly conductive copper were frmly anchored 
to the surface of the 3D printed parts. Angel et al. [5] selectively 
electroplated copper onto printed parts to improve electrical prop-
erties and print more usable electromechanical systems. Kim et 
al. [30] demonstrated that one-step electrodeposition is a fast and 
straightforward way to enhance the conductivity and performance 
of 3D printed electronic components. 

3 BASIS OF E-JOINT 
This section describes a fabrication method that enables the 3D 
printing of large electronic products. In our approach, we use bi-
material 3D printing to fabricate structures, form the electronic 
circuits using conductive PLA parts by copper deposition, and f-
nally use the E-Joint to connect the diferent parts physically. We 
will describe in detail (1) how E-Joint enables object assembly and 
(2) the principle of circuit laying. 

3.1 Create integrated connection structures 
between components 

E-Joint has signifcant advantages as a method of joining compo-
nents that diferentiate it from fasteners, adhesives and welding: (1) 
it does not require additional joining components, reducing the to-
tal number of components and avoiding damage from the pressure 
brought by fasteners on segmented components; (2) it provides a 
faster method of installation compared to adhesives and hot melt-
ing; and (3) it achieves greater structural strength by locking the 
physical structure. 

The E-Joint structure can be divided into mortise and tenon 
joint forms for mechanical connections and the circuit components 
for electrical connections. The electrifed joint design is the core 
for connecting various components. It allows independent, loose 
components to be combined into load-bearing structures while 
completing the circuit connections between the members. Figure 
2 shows an example of the integrated structure of the E-Joint. We 
utilize mortise and tenon joint structures to achieve the locking 
of the components, and we employ a one-piece moulding process 
to incorporate conductive traces within the mortises and tenons. 
During assembly, the electrical circuits are also connected to each 
other. In our example, component X and component Y are con-
nected by insertion, resulting in the illumination of an LED light 
on component Y (Figure 2-b2). 

3.2 Create highly conductive traces on the 
surface and inside of components 

Low conductivity traces using multi-material printing. We used 
conductive PLA doped with 15% carbon nanotubes to construct 
low conductivity traces with a resistance of 120 Ω/cm on a 1.75 
mm diameter flament. Unlike conventional methods of selective 
electroplating using conductive PLA, our method involves creat-
ing cavities around the conductive traces (Figure 2-c1), allowing 
the electroplating solution to enter the interior of the object and 
plating the conductive traces. In this way, our method supports the 
construction of 3D conductive circuits inside the objects. 

Copper plating on the surface of the circuit. Electroplating re-
quires additional equipment, including a DC power supply, a mag-
netic stirrer etc. but these equipment and materials are relatively 
accessible. By employing the electroplating process, we can convert 
the original high-resistance printed circuits into low-resistance, 
high-performance circuits, signifcantly broadening the application 
scenarios of our method. The electroplating process is described 
in detail in section 4.3. To facilitate users to hold parts of various 
shapes during the electroplating process, we set up a clamp plate 
on the outside of the circuits, which is also printed with conductive 
PLA. These software-generated clamp plates can be easily removed 
with pliers after electroplating (Figure 2-b1). 

Create slots in the structures. Electronic components should 
also be embedded in these structures to form electronic circuits 
on the surface and inside the objects. We set up two types of slots: 
electronic surface mount slots (Figure 2-c3) and electronic pin slots 
(Figure 2-c4). Both types of slots are built on conductive PLA, so 
the surfaces in contact with each other will also be covered with 
electroplated copper, resulting in better connection performance 
[54]. 
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Figure 2: a) An integrated instance of E-Joint; b) b1: The cross-sectional view before E-Joint assembly; b2: The cross-sectional 
view after E-Joint assembly and removal of clamping pieces; c) c1: The internal cavity structure; c2:Expansion tenon insertion 
process (the part where deformation bending occurs is marked in red); c3: The cavity for placing surface-mount devices; c4: 
The cavity for placing plug-in components 

4 FABRICATION PIPELINE 
In order to provide details of the fabrication process for the target 
population of this paper, in this section we will introduce how E-
Joint simultaneously achieves physical structure connections and 
electrical performance connections between diferent 3D printed 
parts to construct large-scale interactive objects that exceed the 
molding volume of the printer. We use the fabrication process of 
a novel electronic musical instrument as an example (Figure 3), 
showing the entire process from model creation to full presentation. 

4.1 Model Design 
Our software is built in Rhino3D and uses the parametric capa-
bilities of Grasshopper to assist users in completing their designs 
(Figure 3a). It also leverages visual scripting extensions to facili-
tate more convenient operations for users. Designers frst import 
a basic model of the circuit into the software environment, which 
has not yet been connected or split. Users are required to manually 
split the original model and place the parts that need to be closely 
connected. Subsequently, users select two blocks to be connected 
and use the auxiliary design tool to generate E-joints in the area 
where they meet. The auxiliary design tool helps users not only to 
create E-joints but also to adjust the various sizes and parameters. 
Moreover, establishing an appropriate gap between the E-joints is 
crucial, as it signifcantly determines the quality of the joint. The 
size of the gap should be determined by the printer used by the user. 
For the printer and parameter settings we use, tests have shown that 
setting the gap to 0.1mm (0.15mm for spring-clip straight joints) 
allows for a proper interference ft between the tenon and mortise. 
Additionally, our software environment provides an option to set 
the gap size, enabling users to match diferent devices. Designers 
can then defne the layout and orientation of the circuit and decide 
whether the circuit will be on the surface or inside the object. If 

the designer places the circuit inside the object, the software gener-
ates a cavity for electroplating while creating the conductive trace, 
allowing the electroplating solution to enter the object and plate 
the internal surface of the circuit during the electroplating process. 
Finally, users have the option of generating clamp plates at appro-
priate locations for electrifying the conductive parts during the 
electroplating process. After completing the design, the software 
can export various components in STL fle format for 3D printing. 

4.2 3D Printing 
Once the design is complete, users need to use multi-material print-
ing to fabricate the parts (Figure 3b). In this work, we use the Bambu 
Lab X1 FDM 3D printer [7]. The machine has a molding size of 
256mm × 256mm × 256mm using a 0.4mm hot melt nozzle and we 
use the Bambu Lab slicing software. For ordinary PLA flaments, 
we use the ofcial white PLA Basic flaments from the Bambu Lab. 
The commercial conductive PLA we use (from Hangzhou Zhuoxin 
Universal Materials) is low in cost, easy to obtain, and has similar 
print parameters to ordinary PLA and can be used to print on a 
single extruder. The appropriate slicing setting should be noted. 
Previous studies have shown that there is a large resistance between 
conductive PLA layers. Therefore, using thicker layers not only 
facilitates rapid prototyping but also reduces the resistance of the 
printed parts in the z-axis direction. We use 100% internal flling, 
a linear flling method and more than 5 wall layers in the slicing 
software to ensure that the internal flling direction is the same as 
the wiring direction. These settings improve the conductivity of 
the circuit to a certain extent. When building printed parts with 
internally conductive circuits, it is recommended to use a method 
that only generates supports on the printing platform to avoid non-
removable supports. For the extrusion settings, we set the extrusion 
temperature to 210℃. The print speed is set to 200mm/s to rapidly 
fabricate large-scale objects, and the temperature of the hotbed is 
kept constant at 50℃. 
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Figure 3: Example of the E-Joint fabrication process: a) Laying out the lines on the model and arranging the joint structure 
using the E-Joint parametric design tool; b) Printing the model using nonconductive PLA and conductive PLA; c) Plating in the 
plating solution; d) Post-processing of the plated parts; e) Placement of electrical components; f) Assembly by insertion 

Additionally, to avoid cross-contamination between diferent 
types of flaments, a longer flament cleaning length should be set. 
In our experience, when using a wiping tower of 35 × 35mm or 
larger and a purge length of over 600mm, the conductivity of the 
conductive PLA flament is not afected. 

4.3 Copper Electroplating 
Once 3D printing is complete, the next step is to copper electroplate 
the printed parts. During the electroplating process, the conductive 
PLA material is used as the cathode, while the copper foil serves 
as the anode, and both electrodes are immersed in the copper elec-
troplating solution. A direct current is then applied across the two 
electrodes, causing the current fows from the anode to the cathode. 
This results in the transfer of copper metal ions from the solution 
to the cathode of the conductive material of the printed object, 
resulting in the deposition of copper on the surface of the con-
ductive material. The copper plating on conductive PLA surfaces 
can signifcantly enhance the conductivity of the object by fve 
orders of magnitude. The electroplating solution for this project 
consists of copper sulfate, sodium hydroxide, complexing agents, 
brighteners and stabilizers. Among them, CuS�4·5�2O (160 g/L) 
provides the required copper ions for electroplating, NaOH (20 g/L) 
regulates the alkalinity of the electroplating solution and provides 
the necessary alkaline environment, EDTA (12 g/L) mainly acts 
as a complexing agent and plays a certain role as a promoter and 
stabilizer, and sodium benzenesulfonate Na�6�4S�3(25 mg/L) acts 
as a brightener. 

In the preparation, an appropriate amount of pure water is frst 
put into the reaction tank, and CuS�4·5�2O is added and stirred 
evenly. Then add NaOH slowly, continuing to stir well. Next, add 

EDTA and continue stirring until completely dissolved. Finally, add 
Na�6�4S�3 and stir well. Based on our experience with copper 
plating, we began with a constant current of 0.04 A at a room 
temperature of 25°C until a visible thin copper layer was formed 
over the entire length of the circuit (about 1 hour). The current was 
then reduced to 0.02 A (about 4-7 hours). A magnetic stirrer was 
used at 400 rpm throughout the plating process to ensure uniform 
distribution. The power supply’s positive terminal was connected 
to the copper sheet and the negative was attached to the component 
being plated. When connecting components with alligator clips, 
we cover the conductive sponge in the holding part to enhance the 
electrical connection. 

4.4 Reprocess 
After electroplating, the parts are rinsed to remove all electroplating 
solutions. The electroplated parts are then immersed in a passiva-
tion solution for 1 minute. It is recommended that a hairdryer is 
used to dry the electroplated surface. This is because if it is not 
dried quickly, the wet plating will react with the air to form copper 
oxide which will afect the quality of the electroplating. In actual 
operation, we use a hair dryer blowing back and forth at a tempera-
ture of 50℃ for 2 minutes to achieve complete surface drying. After 
air drying, we recommend that users spray transparent protective 
paint to protect the plating better. Finally, use a plastic nipper to cut 
of the connection clamp plate (Figure 3d) and use a fle, sandpaper, 
or grinding wheel to smooth the trimmed part. 
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4.5 Assembling 
After plating, the electronic components will be assembled into 
their corresponding positions using the plug-in method (Figure 3e). 
Finally, the user connects the parts according to the joint structure 
(Figure 3f). If the parts are too large during the joining process, a 
tool such as a rubber mallet can be used to strengthen the joint. 

5 ELECTRIFIED JOINTS 
To support other designers in using 3D printers to create large 
interactive objects, We electrically transformed four types of joint 
structures to enable them to complete the connection between inter-
active object components. This section introduces these electrifed 
joint connection structures and their working and design princi-
ples. These connection structures can inspire users to create large 
electronic products based on their individual creativity. 

These basic E-Joint structures comprise the straight joint, dove-
tail joint, expansion joint, and spring-clip straight joint (Figure 
4). They can be adjusted to various sizes for connecting parts and 
support multi-line connections. For optimal structural stability, we 
suggest using a single mortise and tenon with a thickness of at 
least 20mm and a width of 50mm or more. Based on testing, a sin-
gle conductive trace should be 3mm wide or more, with the space 
between two traces not less than 1mm for improved performance. 
In order to achieve optimal structural stability, we conducted spe-
cifc dimensional standards, as illustrated in (Figure 5). (Figure 5a1) 
shows a top view of the assembly with conductive traces, (Figure 
5a2) shows a sectional view along the a-a line, (Figure 5a3) shows 
a top view of the assembly without conductive traces, and (Figure 
5a4) shows a sectional view along the a’-a’ line, with subsequent 
fgures following the same format. We recommend the use of a 
single mortise and tenon with a total thickness (�total) of at least 
20 mm and a total width (�total) and length (�total) of at least 50 
mm. According to our tests, a single conductive trace should have 
a width (� ) of at least 3 mm, and the thickness (� ) should be at 
least 4 mm. To enhance performance, the spacing (Δ� ) between 
two conductive traces should be no less than 1 mm. For example, 
the Expansion Joint, at its minimum structural width (50 mm), can 
support up to 4 circuits passing through at most. The dimensions of 
each characteristic electrical mortise and tenon joints are detailed 
in the corresponding subsection of Section 5. 

In our print setup, the tolerance size for the three types of mortise 
and tenon joints is 0.1mm before assembly. By designing the splic-
ing with this data, a strong physical connection can be achieved, 
preventing repetitive assembly of a, b, c. For d, a tolerance size 
of 0.15mm allows for a stable connection that can be disassem-
bled without damage, enduring repeated insertion and removal 
operations. 

The E-Joint is parametrically generated using the auxiliary de-
sign tool. Selecting from one of the four types of electronic tenon-
and-mortise joints based on the requirements, our tool is then 
capable of generating the E-Joint at the specifed location. The tool 
automatically performs Boolean operations on adjacent entities, 
contingent upon the positive or negative values of the depth mea-
surements. The dimensions, position, number of lines, and mating 
tolerance of the E-Joint can be set by the user. The auxiliary design 
tool and the design process will be described in detail in Section 6. 

5.1 Straight Joint 
The most straightforward E-Joint mechanism is based on an electri-
fed modifcation of the straight joint, as shown in Figure 4a with a 
tenon at one end and a joint eye at the other, connected by an in-
serted interference ft. To ensure that the wiring can be maintained 
when the parts are mated, the software generates a protrusion on 
the conductive trace side of the joint eye of 0.3mm, this value is 
obtained through an iterative test. Additional dimensions are illus-
trated in (Figure 5a), where �1 is recommended to have a uniform 
thickness, typically equivalent to �total, and �1 is suggested to be 
twice the value of �total. The tenon and mortise’s size and depth 
determine the connection’s power. E-Joint’s software environment 
provides these setup options, allowing for three-dimensional circuit 
construction that shifts the circuit layout from one spatial plane to 
another. 

5.2 Dovetail Joint 
The dovetail joint has a high tensile strength. This connection struc-
ture allows components easily assembled from one direction (Figure 
4b) while maintaining a stable lock structure along its axis. For dif-
ferent application scenarios, For various application scenarios, the 
angle of the dovetail tenon, denoted as �1, should be greater than 
45◦ and less than 80◦, as depicted in (Figure 5b). The length of �2 
should exceed 12 mm. And users can decide the required pitch in 
the software. Similar to the straight joint setting, the part of the cir-
cuit contact will also generate corresponding protrusions to ensure 
the stability of the circuit contact. 

5.3 Expansion Joint 
In this connection structure, two auxiliary tenons are added on both 
sides of the central tenon for locking (Figure 4c). After insertion, 
the auxiliary tenons on the left and right sides will slide inward and 
deform under the guidance of the wedge-shaped tenon slot, bring-
ing extra expansion pressure to the connection structure (Figure 
2-c2). Meanwhile, the sloped setting at the end of the circuit will 
generate a reaction force caused by the deformation pressure, en-
suring that the contact surface maintains a stable connection. The 
specifc dimensions are illustrated in (Figure 5c). The total width 
of the circuit area is given by the formula �� + (� − 1)Δ� , where, 
based on our experience, the Expansion Joint can support up to 
4 circuits at a minimum structural width of 50 mm. The angle �1 
should be greater than 60◦ and less than 80◦. The length �3 should 
exceed 22 mm, and �3 should be greater than 30◦ and less than 60◦ 

to achieve more stable performance. 
Moreover, this contact surface with an elastic deformation struc-

ture can also bring a higher tolerance rate under the condition of 
multiple circuit connections, preventing the situation where some 
circuits are disconnected due to tilting the circuit contact surface 
under pressure. Therefore, this type of joint is suitable for situa-
tions that require multiple circuit connections, and users can set the 
number of circuits to be connected in the software environment. 

5.4 Spring-clip Straight Joint 
To achieve replaceable E-joint components, we designed a joint 
structure with a spring sheet (Figure 4d). The spring sheet structure 
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Figure 4: Illustrates four types of electrifed joint structures: a) a1: Straight joint; a2: Straight joint after electroplating and 
connection; b) b1: Dovetail joint; b2: Dovetail joint after electroplating and connection; c) c1: Expansion joint; c2: Expansion 
joint after electroplating and connection; d) d1: Spring-clip straight joint; d2: Spring-clip straight joint after electroplating and 
connection 

provides the friction force for component connection and under-
takes the conduction function between components. Moreover, the 
more extensive elastic system can maintain a minor deformation 
during insertion, keeping the plating stable to withstand repeated 
plugging and unplugging operations. Specifc dimensions are illus-
trated in (Figure 5d). The �4 length controls the efective connection 
area and should be greater than 18 mm. 

6 E-JOINT DESIGN EDITOR 

6.1 Generate Grid Points 
Users frst import the original model into the Rhino3D software 
environment. Subsequently, users are required to manually seg-
ment the model at the expected locations, dividing the original 
model into separate but tightly abutting entities. By selecting the 
two entities that need to form a mortise and tenon joint through 
the panel, Grasshopper will generate selectable grid points where 
the two entities are in contact (Figure 6a). We referenced the TCB 
[20] for this feature. Users can adjust the spacing of the grid points 
according to their precision requirements, which facilitates better 
positioning and layout of the mortise and tenon joints. This pre-
cision determines the accuracy of the subsequently drawn circuit 
traces and the accuracy of the positions where the mortise and 
tenon structures are generated. 

6.2 Generating E-Joints 
After setting the spacing, users can choose grid points to determine 
the location of the E-Joints (Figure 6b). Depending on the connec-
tion requirements, users can select one of four types of E-Joints. The 
software then generates the corresponding E-Joint at the specifed 
location. Based on the positive or negative value of the depth, the 
software automatically performs boolean operations of union or 
diference on the adjacent entities. Users can adjust the dimensions 
of the mortise and tenon structure according to their specifc needs. 

For the straight joint and dovetail joint, the mortises can be al-
tered by adjusting the taper and setting the tilt angle to achieve the 
desired transition (Figure 6c). The expansion joint and spring-clip 
straight joint are developed based on the straight joint. They utilize 
the Box Morph component for mapping, which allows for the inser-
tion of various mortise and tenon types. The size, dimensions, and 
angles of these joints are adjustable to ft the user’s requirements. 

6.3 Electronic Component placement 
Users can select electronic components from the software’s model 
library and place them on the grid points of the model. The software 
will automatically trim the original model to create grooves. 

6.4 Generate 3D Conductive PLA Traces 
One of the key features of the E-Joint Design Editor is that it allows 
users to construct three-dimensional circuit structures in space. 
Initially, users generate conductive traces on the surface by clicking 
on grid points. Once selected, the software automatically creates 



E-Joint UIST ’24, October 13–16, 2024, Pitsburgh, PA, USA 

Figure 5: The four types of electrifed joint structures, dimensions, and current: a) a1: Top view of the straight joint after 
electroplating; a2: Sectional view along the a-a line; a3: Top view of the straight joint; a4: Sectional view along the a’-a’ line. b) 
b1: Top view of the dovetail joint after electroplating; b2: Sectional view along the b-b line; b3: Top view of the dovetail joint; b4: 
Sectional view along the b’-b’ line. c) c1: Top view of the expansion joint after electroplating; c2: Sectional view along the c-c 
line; c3: Top view of the expansion joint; c4: Sectional view along the c’-c’ line. d) d1: Top view of the spring-clip straight joint 
after electroplating; d2: Sectional view along the d-d line; d3: Top view of the spring-clip straight joint; d4: Sectional view along 
the d’-d’ line 

the trace and trims the original model (Figure 6d). Then, users can 
select the grid points on the conductive traces and adjust their posi-
tions on the z-axis to ofset within the model, thereby constructing 
internal conductive traces. The software will automatically trim the 
original model to form an internal cavity that matches the internal 
conductive traces. Users can choose electronic components from 
the software model library to place on the model, and the software 
will trim the original model to generate slots accordingly. Users 
click on the end of the conductive trace and click the "Generate 
Clamp Plate" button, and the software will generate a clamp plate 
outside the original model (Figure 6e). In the software, the user can 

set the width and height of the conductive traces, the cross-sectional 
dimensions of the internal cavity, and the size of the clamp plates. 

6.5 Exporting Printable Models 
After the design is complete, users can export the designed model 
parts as STP format 3D fles via the "Export File" option. The con-
ductive traces and the original models are placed on diferent color 
layers, allowing users to make diferent slicing settings in the slicing 
software (Figure 6f). 
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Figure 6: The process of modeling with E-Joint: a) Select two objects and generate selectable mesh points at the ft; b) Generate 
straight joint mortise and tenon joint and boolean model; c) Generate dovetail joint mortise and tenon joint and boolean model; 
d) Generate selectable mesh points on the surface of the objects, select components from the library and place them to draw 
the conductive trajectory; e) Generating Clamp Plate; f) Generate a model of the component layer and export it 

7 EVALUATION 
To determine the technical parameters of the pipeline, we deployed 
evaluations as references for choosing the specifc parameters of 
the conductive PLA trace and the connection structure (Table1). 
Additionally, to prove the practical feasibility of our production 
traces, we conducted empirical evaluations of E-Joint’s performance, 
including the quality of the connection and the stability of the joint 
structure’s physical connection. All these evaluations were carried 
out using the same materials and methods as in Section 4. 

7.1 Evaluation of Plating Circuits 
7.1.1 Line Width of Conductive PLA Traces. When designing pa-
rameters for the circuit part, we frst confrmed the minimum 3D 
printing width of the conductive PLA trace. We created a test piece 
with diferent conductive PLA trace widths, all with a line depth of 
3mm. The conductive PLA line widths on the test piece range from 
0.4mm to 6.0mm, each trace is 0.4mm wider than the previous one, 
and all trace lengths are 100mm. We electroplated the test piece 
with a constant current of 0.04A in an electrolyte solution for 10 
hours. After electroplating, using high-precision resistance measur-
ing equipment for four-probe measurement (Figure 7a), we found 
traces with a width of 2.0mm or more obtained good conductivity 
(resistance stable at less than 0.1 Ω for 100mm) (Figure 8). 

7.1.2 Cross-sectional Area of Conductive PLA Traces. We designed 
a test piece with diferent cross-sectional areas to explore more 
reasonable conductive PLA trace layout parameters. The cross-
section of the conductive PLA trace on this test piece is all square, 

with side lengths from 0.4mm to 3mm; each trace cross-section 
side length is 0.1mm longer than the previous one, and all trace 
lengths are 100mm. We also used a constant current of 0.04A and 
an electroplating time of 10 hours. After testing, traces with a cross-
sectional area greater than 2.89mm2 achieved good conductivity 
(resistance less than 0.1 Ω for 100mm) (Figure 9). As the cross-
sectional area increased, the resistance gradually decreased, so we 
suggest that users choose a larger cross-sectional area as much as 
possible when establishing longer conductive PLA traces. 

7.1.3 Length of Conductive PLA Traces. We conducted a continu-
ous electroplating test for 10 hours on a conductive PLA trace with 
a cross-sectional area of 15mm2 using a constant current of 0.04A. 
After the trial, we obtained a copper electroplated trace length of ap-
proximately 450mm (Figure 7c). The electroplated length is almost 
twice the width of our printer’s moulding dimensions, meeting our 
needs in the prototyping process. 

7.1.4 Slope of Conductive PLA Traces. We designed a test piece 
with diferent sink slopes to evaluate what kind of sink slope should 
be chosen when arranging circuits across the z-axis. The conductive 
PLA traces of this test piece had a square cross-section with a side 
length of 3mm. Each trace is sunk at a diferent angle by 10mm 
(Figure 7d). The test piece was electroplated with a constant current 
of 0.04A for 10 hours. The results showed that traces close to 90° 
have better conductive performance, and their occupation of the xy 
plane space is also the smallest, which is conducive to constructing 
complex multi-layer circuits. Therefore, we unanimously chose 90° 
as the slope when making space turns. 
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Table 1: Evaluation Summary 

Evaluation Task Goal 

Minimum print line width 

circuit resolution, conductivity 

and parameter settings 

Test the minimum line width that can be 

printed and plated 

Evaluate the minimum line accuracy that can be 

supported on a plane during manufacturing 

Test the minimum conductive trace 

cross-sectional area that can be 

printed and plated 

Evaluate the minimum line cross-sectional area 

that can be supported when size is limited during 

manufacturing 

Test the maximum achievable trace length 
Evaluate the constraints on circuit length within a 

single component during manufacturing 

Test the angle of twist for the lowest 
trace resistance 

Find the circuit transition angle that is most suitable 

for application to the manufacturing process 
The minimum cavity cross-sectional area 

that the test method can support 
Tests the smallest cavity cross-sectional area that 
can be used in the manufacturing process 

Electrical and mechanical 
connection capability of E-Joint 

Test the electrical conductivity of four 
kinds of mortise and tenon joints 

Test the electrical connection performance of the 

E-Joint to evaluate the applications it can support 
Test the maximum tension/shear forces that 
four mortise and tenon joints can support 
before structural failure 

Test the mechanical connection properties of the 

E-Joint to evaluate the applications it can support 

Stability of E-Joint pipeline 
Test its yield in the case of repeated 

manufacturing 
Evaluate the reliability of the workfow 

Table 2: Stress test results of diferent joint confgurations 

Joint 
Tensile Force(N) Frontal Shear Force(N) Lateral Shear Force(N) 
M SD M SD M SD 

Straight Joint 189.00 7.23 714.17 6.96 - -
Dovetail Joint 429.50 7.85 135.33 7.27 593.67 3.16 

Expansion Joint 253.83 5.70 78.83 5.49 528.17 4.88 

Spring-clip Straight Joint 12.33 2.29 52.33 4.75 506.80 5.71 

7.1.5 Internal Cavity Size. To investigate the relationship between 
the plating efect of internal circuits and the size of the cavity, we 
designed a test piece with diferent cavity cross-sectional areas. 
In this test piece, the cavities are all square in cross-section. The 
cross-sectional square side length increases from 3mm to 5mm, and 
the side length of each cavity section increases by 0.2mm from left 
to right (Figure 10a). We continuously electroplated this test piece 
for 10 hours with a constant current of 0.04A. After the process, 
each trace within the cavities had good electroplating. We used the 
four-probe method to measure the resistance of each trace (Figure 
10b). The results show that the cross-sectional area of the cavity is 
positively correlated with the plating quality. 

7.1.6 Circuit Load Capacity. E-Joint is a manufacturing method for 
large-scale 3D interactive objects with high conductivity. We have 
explored its load-bearing capacity to provide recommendations 
for circuit load. We used a direct current regulated power supply 
that can provide high current to load test copper-plated traces of 

diferent line widths. We continuously increased the voltage at both 
ends of the electroplated trace until the trace was burnt and failed 
(Figure 11a). Based on the results, we plotted a graph of the voltage-
current relationship (Figure 11b) and the instantaneous load power 
of conductive PLA trace lines of diferent widths (Figure 11c). The 
instantaneous load of the 5.2mm line width conductive PLA trace 
can reach up to 58.625W, and its maximum current tolerance before 
burning out is 23.45A. 

7.2 Mechanical Strength of Joints 
In order to explore the physical connection ability of E-joints, we 
used four uniformly sized force test pieces to test the mechanical 
properties. The cross-section of the test pieces for each of the four 
diferent mortises was a square with a side length of 30 mm. We 
used a dynamometer and weights of diferent weights to perform 
tensile and shear force tests on the test pieces to observe their force-
bearing capabilities under diferent working conditions (Figure 7b). 
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Figure 7: a) Measurement of the resistance of the conductive trace using the four-probe method; b) Mechanical properties 
testing of the E-Joint; c) Results of the plating length test; d) Slope test pieces 

Figure 8: a) Top view of test piece with conductive trace width; b) Resistance test results for diferent widths of conductive traces 

In the experiment, we continuously increased the pressure applied dovetail joint that need to be connected with high strength, they 
to the test pieces until there were obvious gaps at the connections. both have strong shear resistance. For the expansion joint that needs 
The test results are shown in the Table 2. For straight joint and to conduct multi-line connections, it has strong tensile resistance. 
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Figure 9: a) Conductive PLA cross-sectional area test piece; b) Resistance test results of conductive PLA coatings with diferent 
cross-sectional areas 

Figure 10: a) Cavity cross-sectional area test piece; b) Resistance test results for diferent cavity cross-sectional areas 

Figure 11: a) line-loaded test pieces; b) line-loaded test results; c) maximum instantaneous power measured for diferent 
line-width coatings 

The spring-clip straight joint specifcally designed for repeated 
insertion and removal, it can be pulled out with only a small force, 
making it easier for users to replace parts. 

7.3 E-Joint connection evaluation 
To evaluate the quality of the E-Joint connections, we manufactured 
10 pairs of each type of joint structure to test the success rate 
of the connections. We also tested the resistance at both ends of 
the joint structure after connection. The test results are shown in 
the following Table 3. The results show that the E-Joint has good 
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Table 3: Summary of the average value, standard deviation and range (maximal delta from mean) for the current of four joints 
structure after connection 

Joint M( Ω) SD( Ω) RangeΔ 

Straight Joint 0.0619 0.0160 [-0.0196, +0.0253] 
Dovetail Joint 0.0636 0.0122 [-0.0203, +0.0216] 

Expansion Joint 0.0437 0.0077 [-0.0094, +0.0151] 
Spring-clip Straight Joint 0.0457 0.0074 [-0.0151, +0.0102] 

connection performance and has good stability and consistency in 
repeated structures. In addition, for the spring-clip straight joint 
that needs to be inserted and removed repeatedly, we also conducted 
an endurance test of 800 insertions and removals, and it was still 
able to maintain good circuit connection ability (resistance less 
than 0.1 Ω) after the test. 

8 APPLICATIONS 
In this section, we will detail three interaction application instances 
to demonstrate the wide applicability of E-Joint to various types 
of interactive applications. They collectively incorporate all the 
mortise and joint connection structures and circuit deployment 
methods we have proposed, showcasing the capabilities of E-Joint 
in terms of connecting components, interaction mechanisms, and 
electronics. 

8.1 Posture Monitoring Chair 
E-Joint can construct large-scale interactive objects. We designed a 
posture monitoring chair assembled from 20 diferent parts, with 
fnal dimensions of 455mm × 424mm × 730mm (Figure 12). Such a 
large-scale 3D printed interactive object is rare, and the volume of 
this application is eight times the forming volume of the desktop 
printer we used. The posture monitoring chair connects the com-
ponents with straight joints and dovetail joints. It can monitor the 
user’s sitting posture through eight capacitive sensors set at difer-
ent positions (Figure 12c). When the user’s posture is incorrect, or 
they have been sitting for a long time, the chair leg fashes to alert 
the user (Figure 12d). 

8.2 Electronic Instrument 
E-Joint can lay circuits inside objects and achieve multiple circuit 
connections. In this example, we designed a fusion electronic mu-
sical instrument of a ukulele and a violin using the mortise and 
joint connection structure, cavity circuits, and surface circuits (Fig-
ure 13). This is a personalized and novel instrument comprising 
a fngerboard area and a body area connected by insertion. Us-
ing expansion joints provides better lateral contact and improves 
longitudinal force resistance. We sank the circuits parallel to the 
touch area into the cavity to avoid interference between exposed 
circuits and touch areas. The electronic instrument has an Arduino 
expansion board, a buzzer, and three surface-mount resistors. 

This electronic instrument provides two ways of use - you can 
play it like a ukulele by directly pressing the body sensing area 
(Figure 13c) with your fngers, and it will produce the sound of a 
ukulele. Alternatively, you can play it like a violin by using a bow 

Figure 12: Posture Monitoring Chair: a) Parts of the Posture 
Monitoring Chair before assembly; b) Form of the posture 
monitoring chair after assembly; c) Lights of the chair are 
always on when the sitting posture is correct; d) Lights of 
the chair go into blinking state to remind the user when the 
sitting posture is wrong 

Figure 13: Electronic Instrument: a) Parts of the Electronic 
Instrument before assembly; b) Completed assembled Elec-
tronic Instrument; c) Playing with fngers to produce ukulele 
sound color; d) Playing with bow to produce violin sound 
color 
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Figure 14: Modular Appliance Sets: a) Parts of the Modu-
lar Appliance Sets before assembly; b) The Kong Ming Lock 
light illuminates when inserted into the base; c) The wireless 
charging pad powers the cell phone; and d) The desktop fan 
is in operation 

to touch the body sensing area (Figure 13d), and it will produce 
the sound of a violin. Diferent tones are made based on the touch 
location and bow position, and the fngerboard part controls the 
scale through the touch area. 

8.3 Modular Appliance Sets 
E-Joint is stable in connection and easy to insert and remove the 
required components. We used a spring-clip straight joint to con-
nect the base to three appliances (Figure 14). The base is used to 
power the diferent appliances. Through simple insert and remove 
operations, users can switch between a desk lamp (Figure 14b), a 
desktop fan (Figure 14c), and a wireless charging base (Figure 14d). 
When inserted, the circuits on both sides of the spring-clip straight 
joints are connected, and power is supplied to the appliance. Due 
to the high conductivity of E-Joint, it is not limited to typical low-
current applications such as sensors. It can bring more practical 
interactive objects to users, such as the fan and wireless charging 
base we showed, which can be used to charge smartphones and 
other devices. 

9 DISCUSSION, LIMITATION AND FUTURE 
WORK 

Figure 15: Internal structure of the wireless charging pad: its 
conductive traces are connected in parallel inside 

Although E-Joint can connect both traditional and 3D printed 
objects, and possesses the capability to create large-scale interac-
tive objects, it currently confronts several constraints that must 
be considered in the manufacturing process. In the following, we 
discuss these limitations and look forward to the future potential 
of 3D printed interactive objects. 

9.1 Integrated Connection 
In this paper, we present E-Joint’s capability to achieve both physi-
cal and electronic connections simultaneously. However, due to the 
mechanical property limitations of PLA printing material, we found 
that deformation at the connection site can easily occur when con-
necting long rod-shaped objects (such as the legs of a chair in our 
case study application). This is due to the longer force arm applied 
externally, and the relatively smaller structure used for connection, 
and this deformation will accumulate when multiple sections are 
connected. Although E-Joint can still maintain normal connections 
in our case, the risk of connection failure increases when more joint 
structures are connected in series. In the future, we will seek better 
joint structures, try stronger printing materials such as carbon fber 
reinforced PLA, and add settings in the software to remind users to 
set reasonable joint and mortise sizes under diferent structures to 
achieve higher success rates. 

Secondly, the size of circuit connections can limit the scale and 
complexity of the objects that can be produced by our method, 
both in terms of mechanical strength and the number of circuits. Al-
though larger-scale products generally imply a larger cross-sectional 
area at the joints, the issues of mechanical strength and the number 
of circuits can be overcome by simply increasing size and paral-
leling multiple E-Joints. However, it is still necessary to further 
evaluate the relationship between size and the number of circuits 
that can be handled. On the other hand, the current circuit layout is 
to place the circuits fat on a single layer, and in the future attempts 
will be made to place more circuits on both the top and bottom 
layers to increase the number of circuits that can pass through. 

9.2 Copper Plating Traces 
As mentioned in Section 6, although the conductive traces we 
use have a lower price and similar printing parameters to non-
conductive PLA, which is conducive to rapid printing, their resis-
tance is high. When it is necessary to electroplate a circuit with a 
smaller cross-sectional area and a longer distance, the problem of 
long electroplating time or difculty in electroplating may occur. 
However, in Application 3, our wireless charging board module 
achieves rapid electroplating of the entire conductive PLA traces 
by paralleling them together (Figure 15). In addition, our method 
proposes a way to construct high-performance stereo circuits inside 
objects. We have conducted corresponding evaluations, but it does 
not cover many complex scenarios. In the future, we will carry out 
more evaluations to test its capability under more complex internal 
traces. 

9.3 Large-Scale Interactable Objects 
In our applications, the posture monitoring chair is the largest 
interactive object, demonstrating the ability to manufacture prod-
ucts far beyond its molding volume using a desktop-grade printer. 
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Compared with traditional manufacturing processes, our E-Joint 
application uses less manual labor time. However, for larger in-
teractive products such as vehicles or even buildings, the printing 
speed and the cost of materials may become limiting factors. In 
future work, we will make modular improvements to E-Joint and 
attempt to construct larger interactive objects. We will try to com-
bine E-Joint with traditional materials, using traditional materials 
in non-connecting parts, which will greatly reduce unnecessary 
printing time. 

10 CONCLUSION 
E-Joint is an innovative fabrication pipeline that, by applying joint 
structure principles and circuit connection structures, overcomes 
the limitations of traditional fabrication methods to achieve seg-
mented fabrication of large-scale 3D printed products. This method 
is simple and efcient, able to solve the connection difculties 
caused about by the volume limitations of desktop-level 3D printers 
and the high resistance characteristics of conductive print materials. 
Through electroplating technology, E-Joint can also achieve high-
current applications on the surface and inside of objects, improving 
the reliability and functionality of electrical functions. We have also 
proposed four diferent electrifed joint connection structures, and 
through examples, we have verifed E-Joint’s ability to manufacture 
larger and more usable interactive objects. 

E-Joint’s innovative solutions bring new possibilities for the 
manufacture of large-scale interactive prototypes using 3D printers, 
and also bring important technological advances to the 3D print-
ing industry. With the further development and optimization of 
this method, we expect to see the creation of more complex and 
multifunctional 3D printed products that will drive innovation and 
development in this feld. The emergence of E-Joint will promote 
further intelligence and personalization in individual manufactur-
ing, bringing more convenience and possibilities to our lives and 
work. 
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