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RESUMEN.  
 
En este artículo se muestra la aplicación del 
concepto de sistema de manufactura recon-
figurable (RMS) para la reconfiguración de una 
máquina micro-fresadora convencional con la 
finalidad de incrementar sus capacidades y 
hacerlas adecuadas para la fabricación de micro-
dispositivos médicos. En la primera parte se 
muestra una breve reseña de las principales 
tecnologías de micro-fabricación existentes en la 
actualidad, de los cuales el micro-fresado apa-
rece como la técnica más adecuada en términos 
de costo y desempeño para la fabricación de 
micro-dispositivos. Posteriormente se presenta 
un caso de estudio con la aplicación del concepto 
de RMS a la máquina mencionada.  
 
ABSTRACT.  
 
This paper shows the application of the concept 
of reconfigurable manufacturing system (RMS) 
for the reconfiguration of a conventional micro-
milling machine to improve its characteristics 
and make it suitable for the fabrication of me-
dical micro-devices.  In the first part a brief re-
view of the principal micro-fabrication existing 
technologies is shown, from which micro-milling 
rises as the most convenient technology in terms 
of cost and performance for the fabrication of 
micro-devices Afterwards, a case of study of the 
application of the concept of RMS for the men-
tioned micro-milling machine is presented.  
 
1. NOMENCLATURE 
 
RMS   Reconfigurable Manufacturing System 
DMS    Dedicated Manufacturing System 
FMS   Flexible Manufacturing System 
EDM  Electro discharge Machining 
WEDM Wire Electro discharge Machining 
AWJ  Abrasive Water Jet 
LBM   Laser Beam Machining 
PMMA   Polymethyl Methacrylate 

PLA   Polylactic Acid 
TCM Tool Condition Monitoring 
 
2.  INTRODUCTION 
 
With the advances in technology, some research 
fields are getting in the sight of the scientists. 
One which is increasing its interest is the mi-
niaturization and with it, its surrounding techno-
logical requirements. This research is located in 
the fabrication methods that will make it possi-
ble, to be more specific, the micro-milling. 
 
The interest of this research lies on two main 
drivers; the first is the current significant growth 
that the health sector is experiencing. According 
to the statistics of the Centers of Medicare and 
Medicaid Services (CMS), the expenditure made 
in 2008 by the US population in the health sector 
was 2.3 trillion dollars. This expenditure compa-
red to the 1.2 trillions in 1998 shows an incre-
ment of almost a 100% in 10 years [1]. The 
second is the strong recuperation that can be seen 
in the manufacturing sector in recent years. 
According to the Bureau of Economic Analysis 
(BEA) of the US, the profits in the manufac-
turing sector grew almost 30% in the third quar-
ter of 2010 compared to the same period in 2008 
[2]. 
 
In the health sector, a recent topic of research is 
the fabrication of the micro-devices used in med-
ical applications, for example: retinal micro-
tacks, micro-channels, micro-molds, orthodontic 
implants or anti-migration dowels for lumbar 
facets. These devices require special manufac-
turing techniques due to their dimensions 
(typically µm) and shapes. 
 
Considering this the micro-milling rises as a 
cost-effective solution. In [3] the micro-milling 
is compared with other conventional micro fabri-
cation methods such as lithography, WEDM, 
sandblasting and AWJ, for the creation of micro-
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channels in a polymer base material. In terms of 
performance, the lithography presented the best 
surface finish but the results of the micro-
milling, were also acceptable. In terms of cost, 
the micro-milling overcomes the cost limitations 
of lithography for mass production. In the article 
“An experimental analysis of process parameters 
to manufacture metallic micro-channels by 
micro-milling” [4] the micro-channels are made 
in aluminum and copper, demonstrating that the 
micro-milling process also presents satisfactory 
performance in harder base materials. 
 
Another issue to take into consideration with bio-
medical products or devices is the high level or 
personalization required to its fabrication, in 
some cases each device needs to be done with 
special specifications for the person in which it 
will be implanted, also the demand of these kind 
of devices is not constant because they must be 
done almost right at the time to be used. 
 
To overcome this issue the concept of Recon-
figurability appears as a suitable issue solution. 
The concept of RMS is conceived to solve the 
actual market issues characterized by a constan-
tly changing demand and a wide range of custo-
mized products [5], those issues forces the manu-
facturing techniques to be flexible and adaptable 
to these changes and there is when the RMS ta-
kes place. 
 
The combination of these concepts, micro-
milling and reconfigurability, can provide a fea-
sible solution for the biomedical device manufac-
turing of customized products. 
 
3. MICRO-FABRICATION TECH-
NIQUES FOR BIOMEDICAL DEVICES 
 
Speaking of micro-fabrication, it can be said that 
not all the conventional methods succeed in 
providing a feasible solution for the specific 
needs that come with the micro-world. Some of 
the methods that can be used require special 
adaptations for this purpose, in this article, the 
most commonly used fabrication-methods are 
described and in table 1, adapted form [6], the 
discussed micro-fabrication methods are classi-
fied according to its principle of action. 
 
3.1.  FABRICATION METHODS USING 
FORCE AS PRINCIPLE 
 
 

3.1.1.  MICROMILLING 
 
One of the most considerable material removal 
methods for the fabrication of medical devices is 
micro-milling. This process consists of the 
mechanical interaction of a sharp endmill with 
the workpiece surface, causing breakage inside 
the material along defined paths and, therefore, 
leading to the removal of a small portion of 
material with each tooth step, commonly known 
as chip [7]. This is done while the spindle 
holding the endmill is rotating at high speed, and 
advances through the workpiece at a slower 
speed rate. The main components of a micro-
milling machine are [8]: 
 

• Mechanical Structure 
• Spindle unit 
• Electrical Actuators 
• Control System 

 
One of the main advantages of micro-milling 
against other micro-fabrication techniques is 
relatively low cost [3]. Some applications of 
micro-milling for medical devices and implants 
are: Micro-channels for microfluidic devices [3], 
Tacks for retinal implants applications, to fasten 
an artificial retinal implant onto the epiretinal 
surface of the eye [9], Micro-barbs for medical 
implants, to provide an attachment method to 
immobilize the implant within living tissue [10], 
Micro molds for medical components and 
devices, among others.   
 

Table I. Some Micro-fabrication methods. 
Adapted from [6] 

Operation Principle Method 
Force Milling, Turning, Drilling 

Melting / Vaporization EDM, LBM 
Dissolution Etching 
Lamination Lithography 

 
 
3.1.2.  MICROTURNING 
 
Turning is a material removal method that allows 
the machining of cylindrical workpieces. The 
process consists of the removal of material by 
means of a fixed sharp tool, which is perpendic-
ular to the workpiece, while the workpiece is 
rotating at high speed around its axis and is 
moved along two axes to control cutting depth 
and diameter. The main components of a micro-
lathe turning system are [11]: 
 

• Feed table 
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• Spindle unit 
• Tool holder/Tool 
• X-Z lineal motion axes 

 
An example of application of micro-turning for 
medical devices is the fabrication of ring shaped 
microchannel heat exchangers for biomedical 
applications [12]. 
 
3.2. FABRICATION METHODS USING 
MELTING OR VAPORIZATION AS 
PRINCIPLE 
 
3.2.1.  ELECTRO DISCHARGE 
MACHINING 
 
Electro Discharge Machining is a non con-
ventional process that is commonly used in the 
industry. It consists of removing material from 
the machined part by the constant repetition of 
electric discharges (produced by electric pulse 
generators with very short pulses) produced 
between an electrode (the tool) and the work-
piece. The process is performed surrounded by a 
dielectric fluid that cools and cleans the pro-
duced debris (removed material which is ejected 
as small spherical particles). There are two types 
of EDM: die sinking and WEDM. The first one 
uses an electrode fabricated in the desired shape 
and the second uses a wire as electrode. Advan-
tages of EDM include higher material remove 
rate, lower tool wear, less heat affected zone, 
better accuracy and negligible process reaction 
forces [13]. 
 
3.3. FABRICATION METHODS USING 
LAMINATION AS PRINCIPLE. 
 
3.3.1.  LITHOGRAPHY   
 
This process involves the solidification one layer 
at a time of a liquid sensitive material by the 
action of an energy source. There are some types 
of lithography depending mainly of the kind of 
its energy source, for example: x-ray, hybrid, 
laser, etc. The main parts of this process are: 
 

• Energy source scanner. 
• Energy sensitive liquid material. 
• Liquid reservoir. 
• Vertical moving platform. 

 
Some applications of lithography for medical 
devices are: mechanical parts of micro-forceps 
[14], micro-filters [15], micro-fluidic devices 

[16], micro-lens for biosensors [17], structures of 
micro-devices [18], micro-fluidic dispensers 
[19]. 
 
4. MICRO-MILLING OF MICRO SUR-
GICAL IMPLANTS 
 
Most of the medical implants used in surgeries 
are pre-fabricated, which means they are already 
sterilized, packaged and ready to be opened and 
used in the surgery. The implants are typically 
fabricated in different standard sizes with 
variations of the order of millimeters, according 
to the shape and function of the component. 
Examples are stents, hip replacement prosthesis, 
column fixation systems and lumbar/cervical 
spacers, dowels for lumbar facets, among others. 
 
Prefabricated implants constitute a satisfactory 
option, however, there are some particular cases, 
as in lumbar surgery, where the implant does not 
fit the patient in a suitable way and the surgeon 
needs to make more than one attempt with dif-
ferent sizes of lumbar spacers until the most ap-
propriate is found. Therefore, for the specific 
case of lumbar and cervical implants made from 
allograft, it would be convenient to design a 
machine with the purpose of, either prototyping 
or machining functional implants in the exact 
size they are required. 
 
From the fabrication techniques previously 
discussed, it can be deducted that micro-milling 
is a robust and convenient technique for the 
fabrication of medical devices because of its 
relatively low cost and satisfactory results in 
terms of roughness, surface integrity of the 
machined part and finishing [3]. Based on this 
premise, the development of a micro-milling 
machine is proposed, with the purpose of fabri-
cating prototypes of medical implants. The part 
families to be covered include every implant 
with micro-features, not necessarily just micro-
implants whose external dimensions are in the 
range of micrometers. A list of examples of med-
ical devices, which are totally or partially suit-
able for micro-milling operations, is presented in 
table 2. However, the part family that will be 
particularly focused is that of antimigration dow-
els for lumbar facets. 
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5. RECONFIGURABILITY IN MICRO-
MILLING DEVICES 
 
The Reconfigurable Manufacturing System is a 
relatively new paradigm among the manufac-
turing systems that has proven its effectiveness 
in terms of cost and performance, in many fields 
ahead the Dedicated and Flexible Manufacturing 
Systems. For this particular case in order to 
provide a suitable solution to the needs seen in 
the operational room that were discussed above, 
the concept of RMS gives an option to overcome 
them in the most efficient way. One of the main 
drivers for this paradigm is the mass custom-
ization of products that is clearly seen in implant 
surgery. 
 
The first step in order to define the reconfig-
urability of a given system is to establish the 
range in which the reconfigurability will operate; 
this will ensure the correct reconfiguration capa-
bilities of a system. To achieve this, the six de-
sign principles presented in [20] can be taken as 
reference. Tailoring these design principles to a 
micro-milling machine specifically for surgical 
micro implants creation they should be: 
 

• The reconfigurable micro milling machine 
is designed to create a variety of implant part 
families like the ones listed in table 2, that are 
either entirely or partially micro-milled, de-
pending on the part geometry and appli-
cation. 
• The flexibility of the machine is custom-

ized regarding its operation angle, which can 
be reoriented from its default angle of 90º to 
45º, and the position of the spindle from ver-
tical to horizontal. 
• The machine has a rapid change spindle in 

orientation and position, with a precision 
mechanism to guarantee the angle. 
• The machine is designed in separated 

modules Mechanical, Electromechanical, 
Tool Holding and Control with common in-
terfaces that allow changes from any supplier 
to another without much re-setup than the re-
calibration and its operation properties in the 
program. 

 
Based on the six characteristics of the Reconfig-
urable Systems philosophy [5], and the two 
dimensions, hardware and software, a table was 
formed by matching each part of the system to 
analyze, and is shown in table 3, where a 

reconfigurable micro-milling machine is decom-
posed and analyzed. 
 

Table 2. Some medical devices and implants 
entirely or partially suitable for micro-milling 

operations. 

 
 
 
6. CASE OF STUDY 
 
For the means of this research a standard micro-
milling machine, shown in fig. 1, is being rede-
signed to fulfill the needs in implant surgery, 
based on the design principles listed above and 
the content on table 3, the machine can be con-
figure to create de variety of implants custom-
ized for the patient characteristics. To get the 
results the redesign will have an approach in the 
two dimensions of the RMS, software and 
hardware. 
 
6.1. SOFTWARE 
 
The control software is designed to operate in 
modules depending on the needs of the costumer. 
It will also be capable of being adapted to new 
equipment with different characteristics, just by 
indicating them in its software configuration. 
 
The customization of the software can be done 
by acquiring new modules that increase the 
capabilities of the system or modifies the 
functionality of the same. 
 
The diagnosis of the system status, particularly 
the Tool Condition Monitoring (TCM), is done 
by receiving the feedback information coming 
from a mini dynamometer, regarding the ma-
chineing status, allowing the system to update 
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online machining parameters of a given job, 
following the process shown in fig. 2. 
 

 
Figure 1. Original design of the micro-milling machine. 

 

 
Figure 2. Schematic process for online system diagnosis using 

a minidynamometer. 

 
6.2.  HARDWARE 
 
The micro-milling machine structure was 
designed to be modular, the main parts mechan-
ical and electromechanical are independent each 
other but interacting as a group. Also the connec-
tion between the modules is done through a data 
acquisition card that allows the system to be 
integrated with equipment of many suppliers, 
making the integrability of the system almost 
total. 
 
The main frame of the structure was designed to 
be customizable and convertible, this means that 
almost every mechanical or electromechanical 
element can be changed in terms of performance 
dimensions and supplier with a new one with 
relatively low effort, allowing the system to scale 
its characteristics. Also the spindle is expected to 

be able to change its orientation and position, as 
seen in fig. 3 
 
Table 3. RMS characteristics and dimensions for 

a micro-milling machine 
 Hardware Software 
Modularity Main components 

of the system are 
modular. Consists 
of individual  sys-
tems (Control, 
Mechanical, Elec-
tromechanical, 
Tool Holding)  

The software is 
modular and can 
achieve many tasks 
(control, user 
interface, moni-
toring, communi-
cation, process 
planning). The 
main modules are 
Manual Mode, 
Automatic Mode, 
TCM. 

Integrability The modular com-
ponents are able to 
integrate each 
other easily on the 
system by a set of 
mechanical inter-
faces. The system 
is prepared to ac-
cept new modules 
as needed.  

The modules are 
easily integrated to 
provide a robust 
control through a 
user friendly inter-
face. Integration of 
new modules for 
control is possible 
and easy. 

Convertibility The structure of 
the system and its 
configuration can 
response physical-
ly and logically to 
changes in the 
product. Modules 
can be relocated in 
order to achieve a 
new configuration. 

Software supports 
reconfiguration of 
the system accord-
ing to the produc-
tion of parts. Soft-
ware is able to be 
adapted to the new 
configuration of 
the system. 

Diagnosability The system is able 
to detect unaccept-
able part quality. 
The system is able 
to identify its proc-
ess status.  

Software and con-
trol modules sup-
port diagnosability 
by tracking the 
error source. The 
system provides 
tool control moni-
toring by means of 
an optimization 
algorithm. 

Customization The system has the 
ability to be ar-
ranged in response 
to a change in the 
product, to perform 
a variety of proc-
esses and product 
families of medical 
devices. 

Software and con-
trol are custom-
izable in response 
to a change in the 
structure of the 
system or the 
process. 

Scalability The system has the 
ability to scale its 
capability to adjust 
the production ca-
pacity or volume, 
in a short period of 
time. 

Software and con-
trol can be scalable 
in order to increase 
functionality. It 
can accept new 
modules to per-
form new control 
operations. 
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The system is equipped with a mini 
dynamometer that retrieves information of the 
operation status and the machine in real time. 
 

 
a) 

 
b) 

Figura 3. Different configurations of the micro-milling 

machine. a) show the arc that allows the sindle to change its 

orientation b) in lathe position. 

 
7. FUTURE RESEARCH 
 
Given the fact that this research involves a rede-
sign of the current machine [8], some stages of 

the work are currently in the virtual phase. The 
future phases will be the physical adaptation of 
the machine, as well as full integration and test-
ing of the redesigned system in order to deter-
mine its complete functionality, and its charac-
teristics to fulfill the needs required to manufac-
ture surgical quality implants. 
 
In terms of convenience for medical implant 
fabrication, this work also lays the foundations to 
work on the capability of a micro-milling ma-
chine to be operated inside an operation room, 
with the purpose of machining the implants right 
in the moment they are needed. A deeper investi-
gation of the topic needs to be done for further 
advances in this area of application. 
 
8.  CONCLUSIONS 
 
From the state of the art of reconfigurable micro-
milling machine for medical devices, it can be 
concluded that there is little or null information 
regarding the intersection of the three lines of 
study (Micro-milling / Reconfigurability / Med-
ical devices) and still is much research to do in 
order to take this concepts to an operation room. 
The importance of this state of the art lies on the 
fact that it lays the foundations to future research 
on this branch of reconfig-urability that can lead 
to a new paradigm in the way surgical implants 
are made and how the surgeons execute its 
operations in the operation rooms, all this been 
supported by manufacturing technologies. 
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