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Abstract. This paper introduces and investigates NiChrome wire 
sintering, a novel fabrication technique in the field of additive 
manufacturing. With a combination of differentiated material states and 
material properties, this research generates forms with different 
sintering strategies through computation and fabrication systems. 
Rather than creating objects through selectively depositing melted 
material in a predetermined path, layer-by-layer, this rapid prototyping 
methodology generates 2D or 3D spatial wireframes by weaving 
NiChrome wire and sintering thermoplastic polyurethane (TPU) onto it 
by utilizing the instantaneous high temperature of NiChrome wire after 
electrification. A series of experiments is presented utilizing a 
proportional integral derivative (PID) temperature control system in 
cooperation with thermal camera equipment to ensure consistent results 
under the same conditions. In addition, the project focuses not only on 
developing NiChrome wire sintering systems but also on the 
applicabilities of this technique by fabricating wireframe surfaces under 
different situations. 

Keywords.  NiChrome Wire Sintering; Rapid Prototyping; Elastic 
Material; Digital Fabrication; SDG 12. 

1. Introduction 

This research explores the concept of Selective Laser Sintering (SLS) to propose a 
novel digital fabrication method of sintering TPU powder via NiChrome wire 
(S.N.O.W) through investigating reciprocal processes between computational design, 
material experiments, and sintering systems. Compared to the prototyping process of 
FDM 3D printing, which creates objects through selectively depositing melted material 
in a predetermined path, layer-by-layer, S.N.O.W generates 2D or 3D spatial 
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wireframes by weaving NiChrome wire and sintering TPU onto it to demonstrate the 
possibility of freely generating surfaces. The intent of this paper is to explore the 
phenomenon of the instantaneous high temperature of NiChrome wire after 
electrifying and exemplify a unique idea in digital fabrication. To further this study, a 
series of experimental projects (sintering TPU via NiChrome wire) is presented, which 
utilized a PID heating system and related fabrication system that rapidly winded and 
sintered three-dimensional surfaces. In contrast to the general weaving method, which 
strengthens the structure by layering filaments on top of each other, this experiment 
focuses on intensifying the overall structure by combining the nodes produced by 
sintering TPU powder on the weaving NiChrome wire. The sintering temperature is 
controlled at a fixed range for each sintering result through a PID heating system, and 
the data from the material study is used to adjust the sintering parameters such as 
temperature and time to ensure consistent thickness and structural strength of each 
sintered node under different situations. This paper presents a novel digital fabrication 
workflow for winding and sintering surfaces through integrating material research, 
sintering system, and computational design. First, this paper begins by examining 
existing works and papers that inspired this research. Second, it explains in terms of 
material research and sintering system including PID temperature control and parallel 
circuit prevention method. Third, the results of the current experiments. The following 
are the contributions of this paper. (1)A research of the instantaneous high temperature 
of NiChrome wire after electrifying, which may create new possibilities in digital 
fabrication. (2) The results from TPU and NiChrome wire material experiments, the 
development of PID heating system, 3D sintering method, and pre-3D sintering 
method. (3) A summary of current progress for further development. 

2. Content and Previous Experiment 

In recent years, the development of 3D printing has become relatively mature and 
advanced. However, due to the prototyping method, most 3D printers today are still 
limited to small printing range and long printing time. Researchers at MIT presented a 
rapid manufacturing method that could freely print and produce almost any shape by 
depositing liquid material into a granular gel, in response to the limitations of 
conventional 3D printers (Hajash et al., 2017). In addition, researchers at TU Wien, 
KAUST and NJIT proposed a new type of planar-to-spatial portable structure with 
movable nodes on a flexible bamboo mesh (Pillwein et al., 2020). By changing the 
position and angle of the nodes, curved surfaces can be quickly generated from the 
plane, enabling designers to explore forms and structures in a manageable way. These 
two cases demonstrate different fabrication methods to generate the goal geometric 
forms in space with effective fabrication process and material utility. Since the 1950s, 
filament materials have been a promising technology with great potential in 
constructions. In recent years, many studies have been conducted to find new values 
for the use of filament materials in digital fabrication. For example, the Research 
Pavilion 2012 (Knippers et al., 2015) successfully demonstrated the freedom and 
possibilities of using filament materials in large temporary buildings by using an 
industrial six-axis robotic arm with a programmed path. On the other hand, Mobile 
Robotic Fabrication System for Filament Structures (Yablonina et al., 2017) addressed 
space limitations and insufficient mobility of six-axis robotic arms with the assistance 
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of mobile robots and demonstrated the possibility of multiple mobile robots 
cooperating in single fabricating task. In both cases, attempts were made using woven 
filament materials to develop extremely lightweight structures at a low material waste 
rate and explore new architectural possibilities. Inspired by these projects, this paper 
proposes a unique way of sintering powder to form wireframe structures and shows the 
advantages of this fabrication system, which entails no physical restriction on the build 
volume. This paper is aimed not only towards the development of weaving and 
sintering systems, but also the exploration of the elasticity of materials, demonstrating 
a method to rapidly materialise forms using elastic materials—NiChrome wire and 
TPU—and exploring the possibilities of this fabricating system.  

Figure 1. Related works mentioned above.  

(1) Large-scale rapid liquid printing (Hajash et al., 2017). (2) On elastic geodesic grids and their 
planar to spatial deployment (Pillwein et al., 2020). (3) ICD/ITKE research pavilion 2012 (Knippers 
et al., 2015). (4) Mobile robotic fabrication system for filament structures (Yablonina et al., 2017).  

3. Sintering System 

The entire system consists of three main parts: the powder tank and mold with anchor 
points connected to a temperature control system and a thermal camera (Figure 2). Due 
to the different fabricating methods and purposes, there are two main types of molds: 
2D and 3D. The temperature control system mainly includes the power supply, PID, 
SSR, and a thermal probe to maintain the sintering temperature at a fixed range. The 
thermal camera is used to visualize the heat distribution and to detect the parallel circuit 
of NiChrome wire after electrifying. During the fabricating process, the overall form 
and structure are initially mocked up by weaving NiChrome wire on a mold covered 
with anchor points. After the winding process is completed, the wire mesh on the mold 
is electrified and heated. Then, a thermal camera is used to detect whether the 
intersected wires are in parallel circuit condition, which would cause incomplete or 
inhomogeneous grid surfaces after the sintering process. Finally, the mold is placed in 
a powder tank filled with TPU, and the NiChrome wire is heated up to a preset 
temperature by the sintering system (PID) to sinter TPU on the wire mesh. 
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Figure 2. Sintering System. 

3.1. TEMPERATURE CONTROL SYSTEM 
The method of temperature control system involves three main factors: (1) the length 
of NiChrome wire, (2) the power supply, and (3) the control and measurement of 
temperature. NiChrome wire’s rapid heating after electrification is widely used in 
manufacturing processes and commercial products. Under ideal conditions, the 
relationship between power and temperature of the wire is proportional. To maintain 
the same temperature, the power supply must be adjusted using different lengths of 
NiChrome wire. For the power supply, an adjustable DC power supply was used as the 
output power source for the initial material experiments, and the parameters were 
adjusted to observe the relationship between temperature and the given power. In the 
later stage, 110V and 220V AC power were used to heat longer NiChrome wire(>10m) 
to fabricate larger scale sintering experiments. For temperature measurement and 
control, a small contact thermal probe with a high-temperature response is used as the 
temperature measurement tool to accurately measure the temperature change of the 
NiChrome wire during the sintering process. A PID is then used to maintain the 
temperature within a precise range to ensure the same results under the same 
conditions. 

3.2. MATERIAL STUDY 

In this experiment, Nichrome wire was tested to certify its sintering performance. A 
power supply was connected to Nichrome wires with different diameters and placed in 
a tank full of TPU powder. Sintering time and temperature were controlled to establish 
the basic experimental data for TPU sintering applications. After a suitable sintering 
diameter of NiChrome wire was chosen, the experiment would proceed to the testing 
of nodes that were produced by sintering TPU powder on the intersection points of 
NiChrome wire. The experiments would be divided into two parts as follows. 

3.2.1. Selecting proper parameter for sintering 

In this part of the material experiment, NiChrome wires with different diameters 
(0.1mm、0.3mm、0.5mm、0.8mm) were set at a fixed length (15cm) and heated by 
different power (60W、80W、100W) to certify the relationship between the power 
supply、sintering time (1 min-10 mins) and sintering temperature (135°C、201°C、
270°C) of NiChrome wire and TPU. After a comprehensive evaluation, we concluded 
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that the NiChrome wire with a 0.5mm diameter heated to 135°C has the most proper 
TPU sintering capability (Figure 3.1). Although an upward adjustment of the sintering 
temperature could increase the TPU forming diameter per unit time, a higher sintering 
temperature would cause a lot more deformation due to the expansion of NiChrome 
wire caused by the large temperature difference, which also increased uncertainty 
factors to maintain constant diameter under the same conditions (Figure 3.2, 3.3). 

3.2.2. Node Sintering Experiment 

In this stage of the experiment, it was found that adjacent NiChrome wires which were 
intersected generated higher temperatures due to heat concentration (Figure 4.2). This 
phenomenon generated nodes by sintering the two wires together. To test the 
correlation between the intersection distance and the sintering temperature, NiChrome 
wires were cross-winded on four anchor points of the mold at different distances (2mm-
20mm) to test how different distances would affect the sintering results (Figure 4.1). In 
the previous stage of material experiments, a higher temperature difference would 
cause a lot more deformation due to the expansion of NiChrome wire. If the distance 
between the intersected wires was too small, the wires would be connected and become 
a parallel circuit causing incomplete or inhomogeneous sintering results. However, if 
the distance between the intersected wires was too large, the strength of the sintered 
node would be insufficient. Therefore, a series of experiments were proposed to solve 
the inconsistent sintering results caused by parallel circuits. 

Figure 3. Different temperature's linear sintering results. 

Figure 4. Heat concentration between two NiChrome wires. 

3.3. PARALLEL CIRCUIT PREVENTION METHOD 
A parallel circuit comprises multiple branches so that the current divides and only part 
of it flows through any branch. The voltage, or potential difference, across each branch 
of a parallel circuit is the same, but the currents may vary. Therefore, once the 
NiChrome wire is connected during the sintering process, the current may vary on each 
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branch of the circuit resulting in different diameters of sintered TPU. To avoid 
NiChrome wires connecting and becoming a parallel circuit, the solutions are as 
follows: (1) Insulating material between NiChrome wire (2) Glass fiber tube wrap 
NiChrome wire (3) Enameled NiChrome wire. Under ideal conditions, inserting 
insulating material (PTFE Heat Resistant Tape) between intersected NiChrome wire 
can prevent parallel circuits. However, the wire will shift and connect easily due to the 
expansion when it is heated up, which would still cause a parallel circuit. In addition, 
inserting insulating material into each intersection is an inefficient process. Instead of 
inserting it between the intersections, another solution is to wrap the whole NiChrome 
wire with another insulating material (Glass Fiber Tube). Therefore, even if the 
NiChrome wire is heated up, the glass fiber tube can prevent the whole network from 
becoming a parallel circuit. Although the glass fiber tube is an effective insulating 
material, once the scale of the form increases, the length of the wire would make the 
wrapping process inefficient. Therefore, when the length of NiChrome wire is longer 
than 10 meters, we use enameled NiChrome wire in substitution for glass fiber tube. 
With the special insulating coating and high-temperature resistance up to 180°C, the 
enameled NiChrome wire not only solves the wire being connected but also avoids 
complicated steps in the fabricating process. 

4. Design Experiments 

This research explores two sintering strategies to rapidly materialize forms without 
supports through presenting a series of complex surfaces. These strategies may assist 
in overcoming the inefficient process and material waste in traditional additive 
fabricating when facing complex surfaces. The following experiment is divided into 
two parts to explain the process and differences between the two strategies. (1) 3D 
sintering method (2) Pre-3D sintering method 

4.1. 3D SINTERING METHOD 
This study is aimed to represent a complex surface to examine the freedom of the 
method in generating different forms of geometries.3D sintering focuses on the 
formation of 3D objects using custom molds inside a tank of TPU powder. NiChrome 
wire is then woven along anchor points located on the mold, and TPU is sintered onto 
it, which creates a surface without using support material, reducing material waste 
during the process. The overall geometry was a (160cm W by 140cm D by 45cm H) 
three-sided Hyperbolic Paraboloid surface. In this case, the surface was split into four 
parts two types (1) Core-Shell (2) Long Span Shell (Figure 5). The fabrication process 
was as follows (Figure 6). The three edges of the Core-Shell and the four edges of the 
Long Span Shell were divided into 14 anchor points individually. Using Rhino 
Grasshopper to simulate various winding patterns to optimize the final winding surface. 
NiChrome wire with 0.5mm diameter was used to wind the 14 anchors points on each 
edge to create the initial mesh surface. Before the sintering process, the winded 
NiChrome wire was heated up and checked by a thermal camera for uneven heating. 
The sintering temperature was set at 135°C for five minutes. After sintering, the 
NiChrome wires, which are crisscrossed and interlaced up and down, produce nodes, 
which enhance the structural strength. Finally, the sintered units were assembled to 
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form a three-sided Hyperbolic Paraboloid surface (Figure 7). 
Figure 5. Anchors points of Hyperbolic Paraboloid surface. 

Figure 6. Process of 3D sintering method. 

Figure 7. Final result of 3D sintering. 
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4.2. PRE-3D SINTERING METHOD 

This study presents three surfaces to demonstrate a rapid forming method by adjusting 
the pattern of the sintered surfaces. The deformable wireframe structures take 
advantage of the elasticity of TPU to reinforce the structure. After sintering TPU with 
the grid-shaped NiChrome wire, a freeform surface can be generated by applying force 
along the edge of the wire mesh, and 2D grids can thus be manipulated and deployed 
easily into a specific 3D position. The six edges of the hexagon were divided into eight 
anchor points individually with different dividing distances (1) equidistant (2) tight in 
the middle (3) loose in the middle. The fabrication process was as follows (Figure 8): 
Controlling the spacing distribution between the eight anchor points on each edge, a 
2D mesh with three different patterns was winded using 0.5mm diameter NiChrome 
wire under the same sequence (Figure 9). Before the sintering process, the winded 
NiChrome wire was heated up and checked by a thermal camera for uneven heating. 
The sintering temperature was set at 135°C for three minutes. The three edges were 
pushed inward to determined positions forming three different surfaces due to different 
2D sintered grid patterns. The final results show that different patterns winded with 
different dividing anchor points on the same hexagon edges create a different degree 
of curvature in the center of the sintered mesh surface (Figure 10).  

Figure 8. Process of Pre-3D sintering method.   

Figure 9. Three types of patterns and space distribution of anchor points. 
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Figure 10. Bending level of the three sintering results. 

5. Conclusion and Future Work 

In conclusion, this research exploits the differential material states of NiChrome wire 
and TPU 、digital tools, and computational design to create a novel digital fabrication 
workflow for sintering winded surfaces. Based on a series of experiments, two sintering 
fabrication strategies are proposed to demonstrate their applicabilities and possibilities 
under different conditions. (1) 3D sintering method: This method focuses on the 
formation of various complex surfaces without support by using custom molds inside 
a tank of TPU powder, which also reduces material waste in the fabricating process. 
(2) Pre-3D sintering method: After sintering TPU with the grid-shaped NiChrome 
wire, a freeform surface can be quickly generated from the plane by applying force 
along the edge of the wire mesh. This method shows the possibility of creating 
temporary structures (e.g., decorative facades, emergency bunkers, etc.) and enables 
designers to explore forms and structures in a manageable way by adjusting the pattern 
of the sintered surfaces. Compared to the conventional 3D printing method, S.N.O.W 
proposed a rapid, free-form geometric surface generating method demonstrating a 
unique way of sintering powder to form wireframe structures without using supporting 
materials and entails no physical restriction on the build volume. However, in order to 
sinter NiChrome wire to form desired surface without support material, the molds 
should be customized for different surface, which makes the whole fabricating process 
inefficient. Considering future aspects, this method has great potential to fabricate 
temporary buildings or temporary structures rapidly. Therefore, the system should be 
optimized before moving on to larger-scale fabrication. Due to the limitation of the 
current sintering system, the length of the wire must be less than 30m to achieve a 
stable sintering temperature at 135°C. In addition, although the sintering temperature 
is precisely controlled during the entire sintering process, the winding process is 
executed manually, which causes many errors and imprecisions results. Last, the 
manufacturing method of the mold should be optimized to reduce material waste and 
improve fabricating efficiency. Further research in this area will require: (1) 
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Improvement to the current sintering system to extend the length limitation of 
NiChrome wire. (2) Development of robotic winding system (e.g., winding tools or 
mobile robots) to improve efficiency and precision of fabricating process and results. 
(3) Design adjustable anchor points on the mold to adapt different forms of surfaces. 
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