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Problem Possibili�es

Evaluate Build

This work describes the design approach taken to 
develop an automated soldering process, which is 

necessary for the crea�on of electronic 
yarns (E-yarn). This is one of 

the key stages in 
E-yarn produc�on: small 
electronic components are first 
soldered onto thin, flexible, Litz wires 
(d); the components are then 
encapsulated within a polymer resin 
micro-pod along with a series of suppor�ng 
yarns (e); finally, the ensemble is covered using 

a braiding process (c). The soldering process was 
par�cularly challenging given the difficul�es in 

handing of the Litz wires, small components, and the physical 
soldering process. 

Studying the total system and the iden�fying the key required 
steps was the star�ng point for solving this problem. Each 
process was analysed, and each 
challenge a�ended to. The 
ac�ons required to achieve 
the automated soldering 
process are shown in the 
diagram to the le�. 

Iden�fying and defining the key challenges correctly 
was the most difficult and important task of the design to build 
process. Input from experienced personal and collabora�on helped 
in iden�fying and crea�ng a defined list of problems to solve to 
achieve the final goal of automa�ng the soldering process. Exper�se 
was drawn from specialists in mechanical engineering, tex�les 
engineering, computer science, kni�ng, weaving, materials 
science, physics, and electronics engineering.

Brainstorming with the research team, which 
consisted of members from mul�ple disciplines, 
brought new points of view towards the 
problems, and offered crea�ve solu�ons. The ideas 
generated were illustrated and visualised in the virtual 3D 
space u sing tools such as Blender 3D and Solidworks.

Each individual part of the 
system was first studied separately 
to understand the feasibility, lead-�mes 
for manufacturing, and compa�bility with 
the system as a whole. With the gathered 

insight, proceeding 
towards the total 

design was 
made simpler.

(f) Gripper design for changing chip orienta�on. (g)  Design 
for a solder base  with six degrees of freedom.  (h) Wire 
bending and cu�ng mechanism for four terminal devices. (i) 
Model showing all of the sub-systems integrated together in one 
loca�on as one system. (j) Yarn delivery system including yarn guiding 
components. (k) Encapsula�ng concept for soldered components. (l) 
System design incorpera�ng mul�ple robot arms to simultaneously carry out 
different func�ons. (m) Gantry system design including liquid (encapsula�on and 
solder paste ) dispensing systems.

Shortlisted possibili�es were then virtually prototyped. Virtually 
crea�ng the system helped determine the components of the 
subsystem, mounts and connectors required, cost of each 
subsystem and the lead-�mes for the actual development of the 
sub-system. This narrowed down the list of possibili�es so that 
the actual number of solu�ons to test and validate could be 
feasibly carried out during the �me frame of the project.  

(n) Wire handling mechanism designed to increased surface 
fric�on between the wire and rollers. (o) Stepper motor 

control system using Arduino and drivers. 
(p) Cu�ng mechanism concept for using with four 

terminal components. Limita�ons observed 
during tes�ng led to this system not being 

pursued further. (q) –Modifica�ons made  
to the pick-and-place machine to fit the 

project’s needs.
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The finalised techniques 
and methods were used to 
build a system to automate 
the process for soldering 
small electronic 
components onto Litz 
wires. This system is 
currently s�ll under 
development.

Designing and building the 
system in stages, and 

comple�ng each sec�on of the build individually, helped 
the construc�on process progress effec�vely without 
having to revisit aspects of the design. This 
approach to the design and building of the 
system helped save both �me and money.
(t) Contact solder iron connected to the robot arm. (u) Implemented 
wire handling system. (v) Stepper motor drivers and microcontroller.
(w) Python program for controlling the system and GUI designed 
for use with a touch screen terminal. (x) Six axis robot arm. (y) 
Wire delivery system. (z) Wire tension control system.

(a) Red LED illuminated 
e-yarn. (b) LED integrated 
shoelaces. (c) White illuminated 
LED e-yarn. (d) Component [0402 
package] soldered onto Litz wire. (e)  
Encapsulated soldered component.
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