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ABSTRACT 
 
A new technology for production of low-cost micromechanical devices is proposed. This technology is based on 
concepts already known in conventional mechanics, used to produce a number of equipment of smaller sizes 
generation after generation. It is necessary to adapt each generation of equipment to the changes in physical 
behavior due to the decreasing scale. This technology is developed in the context of the microfactory creation. The 
main requirements for microequipment development are discussed. Also, the micromachine tool prototypes 
belonging to the first generation are developed and tested in the Laboratory of Micromechanics and Mechatronics 
of the Center of Applied Research and Technological Development, UNAM. The equipment characterization is 
done. The microfilter design and fabrication is described as  an example  of the practical application. 
 
RESUMEN 
 
En este trabajo se presenta una nueva tecnología para la producción de dispositivos micromecánicos de bajo 
costo, dentro del contexto de desarrollo de microfábricas. Ésta tecnología propone producir una serie de 
generaciones de equipo cada vez de menor tamaño, basándose en los conceptos ya conocidos de la mecánica 
convencional. Se describe también la necesidad de adaptar cada generación de equipo a los cambios de 
comportamiento físico originados por el decremento de escala. Los principales requerimientos para el desarrollo 
de microequipo son discutidos y unas micromáquinas herramientas pertenecientes a la primera generación de 
microequipo, desarrolladas en el Laboratorio de Micromecánica y Mecatrónica del Centro de Ciencias Aplicadas y 
Desarrollo Tecnológico, UNAM, son descritas y probadas. El diseño y fabricación de un microfiltro es utilizado como 
un ejemplo de la aplicación práctica. 
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1. INTRODUCTION 
 
A new technology for the production of low cost micromechanical devices is proposed. The technology is based on 
the application of microequipment, similar to conventional mechanical equipment, but of far smaller sizes. It allows 
the use of conventional technology in the mechanical treatment of materials and automatic assembly of mechanical 
and electronic devices for manufacturing micromechanical and microelectromechanical devices of submillimeter 
sizes. We shall term it “Micro Equipment Technology” (MET). MET will use microequipment for manufacturing 
commercial products and, in turn, the necessary microequipment units will be produced by MET. The decrease of the 
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manufacturing cost of microdevices will be achieved on the basis of mass parallel production processes, which will be 
used in MET [1], instead of the batch processes used in Micro Electro Mechanical Systems  (MEMS) >2@. 
 
Micromechanical and MEMS devices are widely used for different applications. The automotive and aerospace 
industry use MEMS for producing different sensors and actuators [3,4,5]. In adaptive optics and telecommunications 
MEMS are used for optical switches [6]. A very interesting application of MEMS is for displays based on arrays of 
micromirrors reflecting external light beams to corresponding pixels of the screen [7]. Based on MEMS, new 
components for radio-frequency (RF) electronics are designed [8]. MEMS permit improvements in the characteristics 
of heat exchangers [9]. 
 
MEMS are used widely in medicine [2,10], biotechnology [11], neurophysiology [2], etc. There are projects aimed to 
develop mobile microrobots [12].   
 
At present, the base technology to produce micromechanical devices is lithography [2,13]. Up to 99% of commercial 
MEMS production uses this technology [2], but lithography makes it possible to produce only two-dimensional (2D) 
shape details. The production of three-dimensional (3D) shape details poses many problems. This is why many 
researchers try to use conventional methods for the mechanical treatment of materials to produce microdevices [2,13-
17]. For this purpose, they use precise and ultra-precise machine tools, because tolerances of microdetails must be 
very small. To increase the accuracy of machine tools for microdetail manufacture, it is necessary to miniaturize 
machine tools. Two main reasons for miniaturization of machine tools have been given in [13]. The first one is a 
decrease of heat deformation of machine tools with a decrease in their sizes. The second is a decrease of material 
consumption for machine tool production. In this case, more expensive materials with better properties can be used 
for machine tool manufacture. 
 
There are other reasons for the miniaturization of machine tools; one reason is that the vibration amplitudes of small 
machine tools are lower than those of large machine tools, because the inertial forces decrease as the fourth power 
of the scaling factor, and the elastic forces decrease as the second power of the scaling factor [18]. Smaller machine 
tools demand less space and lower energy consumption. 
 
A special project for microfactory creation based on miniature micromachine tools has been initialized in Japan [19]. In 
this project the microequipment, which is no larger than 2-10 times of the product size, was proposed. In [20] there is 
another estimation given about microequipment size. The work area of machine tool must not exceed the size of 
treated detail more than two times. It means that the overall sizes of machine tools for details of submillimeter sizes 
must not exceed a few millimeters. The method of such microequipment manufacture is proposed in [1]. It is 
necessary to produce sequential generations of microequipment of smaller and smaller sizes using previous 
generations for manufacturing the next ones. The first generation of the microequipment having dimensions 100-
200mm could be produced by conventional mechanical machine tools. 
 
Each new generation of microequipment should be organized as a microfactory with high automation level. The final 
goal is to create fully automated desktop microfactories containing huge number of micromachine tools, 
microassembly devices and other microequipment units [21-23]. Such factory is to be supervised by an operator. In 
this case, the labor cost of microdevice production will be very small. If microequipment for such factories will be 
produced also by similar microfactories, its cost also will be very small. Microfactory creation is intended to dramatically 
save energy, space and resources at production plants by reducing the size of production machines to that 
comparable with the products. 
 
In this paper two prototypes of micromachine tools of the first generation are described. Some results of their testing 
are presented. 
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1.1 The first prototype 
 
The main idea was to make the prototype as simple as possible, and to use a minimum of commercial components 
for scaling down the developed micromachine tool of future generations. The developed micromachine tool is used 
for turning, milling, drilling, and grinding. To change the type of work it is necessary to change tools and software 
programs. The prototype was tested in the turning mode.  
 

                                                                         a)                                                             b) 
 

Figure 1. The first prototype of micromachine tool 
 

The first prototype is shown in Fig. 1(a) and (b). On the base (1) the guides (2), (4), and (6), for three carriages (3), (5), 
and (7) are installed by the sequential scheme, i.e. each subsequent guide is installed on the previous carriage to 
provide translation movements along the axis X, Y, Z, respectively. The spindle case (10) with spindle (11) also are 
installed on the base. The drives for the carriages and for the spindle use stepping motors (8) with gearboxes (9). The 
spindle has a chuck to grip the workpiece for turning, a drill for drilling or a mill for milling. There is gripper (12) with a 
cutter and there are two parallel metal pins (13) for measurement of the turned workpiece diameter. For milling and 
drilling, the special gripper for the workpiece should be installed on the carriage (7).  
                            
The guides for the carriages were made build as round bars. This simplifies the production, assembly and scaling 
down of micromachine tools. The carriages (Fig. 2) were made as simple as possible. Each carriage contains a spring 
to eliminate the spaces between the carriage and the guides. Such a space is due to variations of guide diameter and 
thermal expansion of the carriage. 

 
Figure 2. Design of carriage 
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All other parts of the first prototype of the micromachine tool were also made according to criteria of low cost and 
scaling down. 
 
We tested the first prototype in the following operations: the raw workpiece turning to the needed diameter, the shaft 
turning with different diameters, the screw turning, the groves cutting, the gear teeth cutting, the different details 
cutting from the metal bar. 
   
The turning process is started from the home position procedure. All carriages are moved to their initial positions. 
Then all carriage movements are made on the basis of integral number calculations. 
 
The raw workpiece could be installed in the spindle in different positions that is why it was necessary to find the 
position of the workpiece end. For this purpose the cutter tip was moved approximately to the spindle axis and then 
was moved up on the spindle (along the Y-axis) to obtain the electrical contact with the workpiece. At this moment 
the carriage (3) position (see Fig. 1) was stored. Thereafter the measurement of the workpiece diameter was 
performed. For this purpose the parallel pins of the carriage (7) were moved to the workpiece and located around the 
workpiece without contact. The workpiece was forced to rotate and the carriage was moved upwards to make contact 
between the lower pin and the workpiece. The contact was not stable, because the workpiece, as a rule, was installed 
eccentrically in the spindle. To take into account the instability of the contact, when the carriage after all was moved 
down, the last contact of the lower pin with the workpiece was fixed, and the corresponding carriage position was 
stored. The carriage continued to move down until the upper pin touched the workpiece. The distance between this 
position and the position of the last contact of the lower pin was calculated. This distance was subtracted from the 
distance between pins to get the diameter of the workpiece with possible beating due to the eccentricity of 
workpiece installation. This diameter was used later to determine the start position of the cutter in the turning 
process. 
 
The cutter replacement or sharpening could change the position of its tip relatively to the cutter holder. In this case 
we need to determine the new position. For this purpose we place the cutter to the home position in the X-axis and 
moved it approximately up to the spindle level in the Z-axis. Then the workpiece was forced to rotate and the cutter 
was moved slowly along the X-axis up to  contact with the workpiece. After that, the carriage (7) was moved down 
along Z-axis to the home position; and carriage (5) was moved forward along the X-axis for half of workpiece 
diameter. Thereafter the carriage (7) was moved up to make contact between the cutter and the workpiece. This 
position was stored. It permits us to say that the spindle axis is higher than the cutter tip on the half of workpiece 
diameter, and to install the cutter tip in the proper position to start the turning process. 
 
The workpiece diameter measurements and the cutter position adjustments could be repeated during the turning 
process. These procedures permit the accuracy of the detail manufacture  to be increased. 
 
We have realized two ways of shaft producing. One way is to calculate the cutter positions during different shaft parts 
turning. The other way is to perform measurements of shaft diameter before final cutting. The first way gave errors of 
about 30 microns, the second - about 15 microns. Relatively low accuracy of turning and a way to improve it will be 
discussed in the next section. 
 
To make a screw with the micromachine tool it is necessary to coordinate the step rate of the spindle with the step 
rate of carriage (5), which moves along the X-axis. Sometimes in that case it is necessary to decrease the processing 
speed due to resonance in the stepping motors. The depth of screw grove is ensured by cutter position calculations.  
 
For the gear teeth cutting we used an additional cutter with the cutting edge perpendicular to the cutting edge of the 
main cutter. The groves between teeth were made by translation movements of the additional cutter along the Y-axis 
and rotation of the spindle with a proper step rate. In Fig. 3 are shown some devices manufactured with the first 
micromachine tool prototype. 
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Figure 3. Devices manufactured with the first micromachine tool prototype, compared with a match head 

 

1.2 The second prototype 

The main advantages of the first prototype are the simplicity of its design and the easy manufacture of its 
components. But the first prototype had some drawbacks, which we tried to eliminate in the second prototype. The 
main drawback of the first prototype is its low rigidity.  
 
To eliminate the spaces between the carriage and guides we used a spring. But in the case of a hard spring the 
movements of the carriages were not smooth; and in the case of a soft spring (which was finally used) the rigidity of 
the machine tool was insufficient. It was necessary to use a very small cutting depth and a small pitch. This increased 
the cutting time drastically. In many cases it was impossible to obtain a good level of accuracy. Some operations (like 
drilling) were difficult to perform.  
 
To increase the rigidity of the carriages we manufactured the carriage guides more precisely and changed the springs 
to a hard support.  
 
The second prototype is shown in Fig. 4. 
 

 
Figure 4. The second prototype of micromachine tool 
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The parameters of both prototypes are presented in Table I 
 

Table I. The parameters of the first and the second prototypes of the first generation micromachine tools. 
 

Parameters The first prototype The second prototype 
Width (mm) 80 85 
Length (mm) 140 160 
Height (mm) 150 130 

Displacement X (mm) 18 20 
Displacement Y (mm) 25 35 
Displacement Z (mm) 20 20 

Resolution (µm) 2 1.87 

 

2. CHARACTERIZATION OF THE SECOND PROTOTYPE OF MICROMACHINE TOOL  

In general, almost all the micromechanical devices are difficult to evaluate. The characterization of the second 
prototype of micromachine was made by indirect method; that is by the inspection of its own products (manufactured 
pieces). 
 
We have used the following parameters for the characterization of the second prototype: 
 

�� Positional characteristics. Analysis of the axes resolution (linear displacement for each motor step). We 
also found backlash errors. 

�� Geometrical inspection. Geometrical analysis of the parameters of the pieces produced on our 
microequipment and a comparison of these with the design parameters of the pieces allows us to 
determine the accuracy characteristics. 

 
The tests of the second micromachine prototype were made with the production of two test pieces with 
approximately known geometric characteristics. With the help of statistical analysis we determined the required 
parameters. For this analysis, twenty samples of each test piece were employed. Fig. 5 shows the samples of the test 
pieces. 
 

 
 

Figure 5. Test pieces employed in the second prototype evaluation 
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2.1 Positional characteristics 

One of the test pieces was a cylinder with three marks (1, 2, 3). This was used to know the positional characteristics. 
The measured length was the distance between marks 1 and 2. This magnitude corresponds to the programmed 
displacement of 1050 motor steps.  
 
The results of the measurements are: X1-2 = 1978 Pm, V = 6.07 Pm. The standard deviation V gives information over 
62.8 % of the samples. In order to obtain a better sample range, it is necessary to triplicate the value of this result to 
get a sampling of 99.3%, i.e. 3V = 18.2 Pm. Because of this, the error of this sample is Error = r 18.2 Pm. 
 
This is the average error, and it can be interpreted as the error of the Y-axis displacement because all measurements 
were made in different positions on the axis. The displacement resolution for each step is XDPSM = 1.88 Pm, V = 0.005 
Pm. In this case, the standard deviation is helpful only to give us an idea about the behavior of the resolution 
compared with the theoretical expectations for the deviation, but it is not a result that we can trust because the error 
is lower than the equipment accuracy. This standard deviation might be an estimation of the random error. 
 
In order to quantity the backlash presented on the Y-axis, we measured the distance between marks 1-3 of the testing 
pieces (Fig.6). The average backlash of the Y-axis is Backlash = 345.3 Pm, V = 7.8 Pm. 
 
There are several backlash error sources. The first source is related to the gearbox. The second and most important 
source is produced by the transmission and the carriage on each axis. The leading screw and the nut that is coupled 
to the carriage on each axis produce the third source. To eliminate the backlash influence we used unidirectional 
cutting and adaptive algorithms, which permitted us to know the real position of the cutter. 

2.2 Geometric inspection 

Microrings were designed for the geometric inspection. These rings were employed for a micromechanic filter (one of 
the applications of the proposed technology). The solid model and sample of the microring are shown in Fig. 5.  
 
The drawing of the microring is presented in Fig.6.  
 

 
Fig. 6. The microring measurements 
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M - Exterior diameter of the microring base 
S - Distance between the diameters (interior, and exterior of the microring base) 
N - Diameter corresponding to intersection of conic surfaces 
P - Distance between the conic surface intersection and the interior diameter of the cylindrical part of microring 
Q - Height of the cylindrical part of microring 
 
The measurement results are shown in Table II. 
 

Table II. Measurement results 
 

Machining type 
Average  

measurement 
[Pm] 

Average 
error  r[Pm] 

Cylinder machining (M) 1258.45 20.11 
Drilling (S)     205.47 38.28 
Cone machining (N)  981.30 62.19 
Cone machining (P)        64.63 37.00 
Cone machining (Q)       476.79 34.82 

 
Errors of the produced pieces depend on the machine tool, the instruments and the details machined. These errors 
allow the characterization of the micromachining center. The results obtained are satisfactory because the difference 
between the practical and theoretical results is sufficiently low. The theoretical results are calculated on the basis of 
the measurements of main components from which the machine tool was assembled. A comparison of practical and 
theoretical results is shown in Table III. 
 

Table III. The comparison of the theoretical and practical results 
 

Characteristics Theoretical value [Pm] Measured value [Pm] 
Displacement resolution 1.875 1.88 
Y axis accuracy   r18 r18 
Backlash 300 345.27 
Machining accuracy -- r62 

 

3. POSSIBLE APPLICATIONS OF MICROMACHINE TOOLS 

Many applications of micromachine tools could be considered as a consequence of the low cost, small space and 
energy consumption of such machine tools, and of the mass parallel automatic production process. The preferable 
area of application is the production of devices that contain huge numbers of micromechanical details of arbitrary 3D 
shape. We foresee that many types of new products will appear due to the low cost of such devices. As examples, we 
can mention large flat screens with mechanically driven image cells, mechanically driven random access memory, 
microbar assembly materials etc. Here we consider one application of such type microfilters for fine filtration of liquids 
and gases. 
 
This problem relates to different branches of technological processes and environment protection. Fine filtration of air 
is needed for “clean rooms” used in microelectronics, medicine and other applications. Filtration of gases is needed 
for environment protection from pollution by power plants, transport vehicles and other devices which use fossil fuel. 
Fine filters have many applications in food industries, chemical industry, microbiology, etc. 
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3.1 Design of filters with a high relation of throughput to pressure drop 

The proposed filter contains a case, an inlet, an outlet, a flush valve and a huge number of microrings assembled into 
columns (Fig. 7). Liquid (or gas) goes through the inlet and comes into the internal space of the microring columns. 
After this, it goes through slits between microrings and comes out through the outlet. Hard particles are held back in 
the internal space of the microrings columns. To remove hard particles from the internal space of microrings, it is 
necessary to open the flush valve. Liquid (or gas) flow directed from the inlet to the flush valve will remove the 
sediment. Ultrasound vibration can be applied for better cleaning of the microring internal space. 
 

 
 

Figure 7. Filter design 
 
To estimate the main parameters of the filter let us consider the slit between a pair of microrings (Fig. 8).  
 

 
Figure 8. Arrange of rings 
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Let the narrowest part of the slit has the width W and the width of other parts of the slit can be calculated as: 
 

                                        x(r) = W + k1*(r3 – r)    for r3 > r t r4,                           (1) 
                                          x(r) = W + k2*(r – r3)    for r2 > r t r3,             (2) 
                                  x(r) = W + k2*(r2 – r3) + k3*(r – r2)                              for r1 > r t r2,             (3) 

 
The main parameters of the filters are the following: the size of arrested particles, relation of throughput to pressure 
drop, and the size (or the weight) of the filter. We have used a numerical model of the filtration process for the 
calculation of these properties. 
 
To calculate the filter parameters it is necessary to know the hydraulic resistance of one slit between two microrings: 
 

             QPG  ,                                                          (4) 

 
where G is the hydraulic resistance of one slit between two microrings, P is the pressure drop in the slit, Q is the flow 
rate in the slit. The hydraulic resistance of the section between radius r and r+dr can be calculated as  
 

          dr
rxr

dG
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3��

 
S

P
                                                       (5) 

 
where dG is the hydraulic resistance; µ is the viscosity  coefficient; r is the current radius (Fig.9); x(r) is the current 
width of the slit  at radius r. x(r) is calculated by expressions (1-3) and then: 
 

                ³ 
1

4

r

r
dGG ,                                                        (6) 

 
We have determined G by numerical integration of equation (6). 
 
Hydraulic resistance of the slit depends on the shape of the microrings and on the distance between them. 

3.2 The problems of fine filter manufacturing  

Let us consider a filter that contains a total number of microrings equal to 50,000. The package, covers and other parts 
of filter have a very simple design and their manufacture is easy enough. The main problem of filter production is to 
manufacture microrings and install them into the drum grooves because of the huge number of microrings. 
 
We propose to manufacture the microrings by the usual methods of material cutting, using cutting micromachine 
tools numerically controled by computer, and to install the micro rings into the filter, using the assembly 
micromanipulator numerically controlled by computer. For this, it is necessary to develop micromechanical technology 
to produce the components of the microfilter [1]. 

3.3 The filter prototype manufactured by the second micromachine tool prototype 

For the second micromachine tool prototype test and the examination of the microfilter characteristics, we have made 
a microfilter prototype using the second micromachine tool prototype. A microfilter has one drum containing 12 
columns with 10 microrings in each column. The internal diameter of each microring is 0.8 mm, and the external 
diameter is 1.3 mm. The height of each microring is approximately 0.6mm (Fig. 9). 
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Figure 9. Filter assembly and prototype 

3.4 Case study 

To study the microfilter behavior we performed an experiment. It consisted in the measurement of the flow rate at 
three different pressures using pure water. The results obtained were compared with theoretical results, calculated by 
software. The final results are shown in Table IV, Fig. 10. 

 
Table IV. Results of flow rate with different pressures 

 
 

 
Pressure  

[Kpa] 
Real Flow Rate 

[mm3/s] 
Theoretical Flow Rate 

[mm3/s] 
Experiment 1 3.237 2.33 2.9 
Experiment 2 5.101 3.68 4.5 
Experiment 3 7.063 5.09 5.6 

 
 

 
 

Figure 10. Flow rate vs. pressure in microfilter 
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4. DISCUSSION  

We have started the investigation of a new approach to micromechanical device fabrication, proposed in [1]. The 
approach assumes the production of microequipment (micromachine tools and micromanipulators) as sequential 
generations. Overall sizes of next generation microequipment must be smaller than the overall sizes of the previous 
generations. Untill now, we have made two prototypes of micromachine tools of the first generation.  
 
The microring filter was produced using the second prototype of micromachine tool. This microring filter could be 
used for fine filtration of gases and liquids. It has good relation of flow rate to pressure drop and could be used for 
applications such as oil and fuel filtration and others.   
 
The experiments with micromachine tools showed that for some products (as a microring filter) they have sufficiently 
good accuracy. But for other products (as  microgears) the accuracy needs to be improved. There are some methods 
to improve the accuracy without significant increasing the machine tool cost. The first method is to use the adaptive 
algorithms which permit us to compensate the machine tool errors. These algorithms could be based on the different 
sensor information. The simplest information could be obtained from the electrical contact sensors. The preliminary 
experiments with adaptive algorithms based on contact sensors showed a significant increase of the machine tool 
accuracy. At present we work out the adaptive algorithms based on computer vision technology. We expect that this 
approach will enhance the accuracy of micromachine tool. The other method is to decrease the sizes of the 
micromachine tools. We will explore this method after designing the whole set of micromachine tools and 
micromanipulators, which are necessary to produce next generations of micromachine tools and micromanipulators. 

5. CONCLUSIONS 

We propose a new technology (MET) for producing micromechanical devices. For this purpose it is necessary to 
reduce the overall size of machine tools and assembly devices proportionally to the reduction of the devices to be 
produced.  
 
These devices should be made by sequential generations of micromechanical equipment, of smaller and smaller 
sizes. Each new generation should be produced by previous generations. The experience in producing and evaluating 
prototypes of first generation micromachine tools, described here, shows that our goal is realistic. Conventional 
mechanical technologies could be transferred to the microworld by miniaturization of the corresponding 
technological equipment.  
 
The microring filter produced by the second prototype of micromachine tool shows the effectiveness the proposed 
approach.  
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