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Resumen Ejecutivo 

The objective of this practice is to design a shaking table. This table will be used to 
reproduce a seism and apply it on a small-scale building. 

First of all, a concept of shaking table has to be found among the existing ones. This concept 
should be the most accurate for our requirements. Then the scale factor of the model to 
shake has to be defined. Following this important parameter, the table has to be sized and 
several mechanical solutions have to be exhibited. 

The research, calculations and mechanical solutions will be exposed and developed in this 
report. 

In this study, the more critical cases will be taken into account. Then, the chances are the 
system will be over-sized. The first idea was to build a system with one translation allowed 
and providing a thrust around 50kN. As this is just given as a direction for the study, we 
will consider all types of shaker and define the right value of thrust to provide. 
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A. Introduction 
The objective of this practice is to design a shaking table. This table will be used to 
reproduce a seism and apply it on a small-scale building. 

First of all, a concept of shaking table has to be found among the existing ones. This concept 
should be the most accurate for our requirements. Then the scale factor of the model to 
shake has to be defined. Following this important parameter, the table has to be sized and 
several mechanical solutions have to be exhibited. 

The research, calculations and mechanical solutions will be exposed and developed in this 
report. 

B. Shaking table systems 
Basically, to reproduce a seism, a plate has to be moved by an actuator. This plate has to be 
fixed on a device that allows the movement. Tables can shake along three directions of 
translation and create three rotations. There are various types of shaking table but this 
could be classified among those two categories: 

 
Figure 1. Table fixed on a non-mobile support and 

laterally moved by an actuator 
 

 
Figure 2. Table supported on actuators and 

moved in various directions 

The first system allows one translation along a lateral direction; the second one allows 
three translations and three rotations. 

Systems can combine the two solutions. The following one allows three translations. 

The conception needs the definition of our need and our means. None complex signal will 
be implemented in our study. Therefore, to reduce the complexity and price, we will select 
a one-translation shaking table. 
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Figure 3. Three translation system picture 

 

Figure 4. Three translation system scheme 

So, the first concept gives a good approach of what is going to be designed. We could draw 
this system as follows: 

 

 

Figure 5. Elements composing our shaking table 
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C. Prototype and model 

C.1 Similitude theory and scale factor 

To reproduce a seism on a model base on a real prototype, scale has to be defined. The first 
scale to be defined is the length scale. Then the time, acceleration and mass scales can be 
defined: 

Ὡὒ=
ὒά
ὒὴ

 

Ὡὸ=
ὸά
ὸὴ

 

Ὡὥ=
ὥά
ὥὴ

 

Ὡά =
άά
άὴ

 

 

The acceleration scale could be developed as follows: 
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The prototype is made of concrete. As the model will be built in a micro-concrete, the 
modulus of the material will not be the same. Thus, we have to define a modulus scale. 

 

ὩὉ=
Ὁά
Ὁὴ

 

 

A common value is given for this scale:  

ὩὉ= 0.177 

The law of ideal similitude implies:  
Ὡὥ= 1 

Then, equation (5) becomes: 

Ὡὥ=
Ὡὒ
Ὡὸ

2
= 1 

Then:  

Ὡὸ= Ὡὒ 

To define the mass scale, the force scale has to be defined: 
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Considering separately inertia and elastic forces, we have: 
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Using the two previous relations, we have: 

ὩάὩὥ= ὩὉὩὒ
2 

Ὡά = ὩὉὩὒ
2 

The scale of the model will be 1/7. 

Then we can deduce the values of the different scales. 

Length scale Modulus scale Acceleration scale  Time scale Mass scale 

0,143 0,177 1 0,378 3,61E+03 

Table 1. Scales values 

C.2 Prototype and model data 

To design the shaking table, we have to know the dimensions and weight of the model that 
will be loaded on the table. Here is a list of five prototypes that could be selected. 

 

 
Building            

 
Prototype      Model      

 
Base (mxm)   Mass (kg) Base (mxm)    Mass (kg)  

Case 1 (building)  9.6 9.6 902180  1.371 1.371 3258 .89 

Case 2 (building)  10 10 1835000  1.428 1.428 6628 .47 

Case 3 (portique)  10 0.5 4000  1.428 0.071 14.45 

Case 4 (building)  14 10 1713000  2 1.43 6187 .78 

Case 5 (building)  8 8 391600  1.142 1.142 1414 .56 

Table 2. Selection of a prototype 

With the values of the different scales, we can find the dimension and mass of the model. As 
×Å ÄÏÎȭÔ know which one will be finally selected, we should select the most critical case in 
terms of dimensions and mass. Case 2 is the best candidate. Case 4 is prohibited in terms of 
dimensions. Thus the values we are going to use for the design will be: 

Mass of the prototype=1 835 000 kg 

Length of the prototype=10m 

Mass of the model= 6628.5kg 

Length of the model=1.42m 

C.3 Pre-sizing of the table 

The table will be squared. 

Arbitrarily, we will let a 1/5 ratio of the length of the table for clearance around the 
maximum-sized model.  

So, the length of the table will be: 

ὒὩὲὫὸὬὸὥὦὰὩ=
5

4
.ὒὩὲὫὸὬάέὨὩὰ 

Thus, our table will be 1.8m long. Its thickness has to be optimized to be as low as possible. 
Indeed, an over-sized thickness table would add useless weight and more power would be 
needed to move it. Before being able to define this thickness, the material of the table has to 
be defined. 
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D. Material of the table moving part 

D.1 Shaking table requirements 

Stiffness and high damping material are needed for shaking tables. 

The shaking table applies a spectrum of vibration frequencies f, and amplitude C to the 
tested object. The aim is to explore its response. 

A big table operating at high frequency dissipates a great deal of power. The primary 
objective is to minimize power consumption, but subject to a number of constraints 
itemized in the following table. 

The aim of this study is to find which material would make the most accurate shaking table. 

 

The table is required to be stiff but have a high intrinsic damping. 

 

Function  Table for vibration test  

Constraints  Length L, specified 

Must be stiff enough to avoid distortion by damping forces 

Natural frequencies above maximum operating frequency (to avoid resonance) 

High damping to minimize stray vibrations 

Objective  Minimize power consumption 

Free variables  Choice of material 

Table thickness, t 

Table 3. Structural requirements 

D.2 Optimization coefficient 

The displacement X of the table can be approximated with Fourier series as follows: 

ὢ= ὅ.sin ((‫ὸ 

Then the speed and acceleration are given as follows: 

ὢ= ὅ.(‫ὸ)cos.‫ 

ὢ= ὅ.sin.‫² ((‫ὸ 

Where:  

C is the amplitude of the movement (m) 

 =‫ 2.“.Ὢ (rd.s-1) with f the frequency (Hz) 

The force to bring the acceleration is: 

Ὂ= ά.ὢ 

Where: 

 m is the mass of the table 

The power P (Watts) consumed by a dissipative vibrating system with a sinusoidal input is: 
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ὖ= Ὂ.ὢ 

This gives the following formula: 

ὖ=
ά.ὅ².‫3

2
.sin (2(‫ὸ 

The maximum power required is obtained after derivation of the previous formula: 

ὖάὥὼ=
ά.ὅ².‫3

2
 

In a more general way, if C1 is a coefficient depending on the amplitude of the signal: 

ὖάὥὼ= ὅ1.ά.‫3 

4ÈÅ ÁÍÐÌÉÔÕÄÅ ÃÏÅÆÆÉÃÉÅÎÔ #ρ ÁÎÄ ÔÈÅ ÆÒÅÑÕÅÎÃÙ ʖ ÁÒÅ ÐÒÅÓÃÒÉÂÅÄȢ 4ÈÕÓȟ ÔÏ ÍÉÎÉÍÉÚÅ ÔÈÅ 
power lost in shaking the table itself, we must minimize its mass m. We idealize the table as 
a square of given length L. Its thickness t is a free variable.  

7Å ÎÏÔÅ ʍ the density of the material of which it is made. Its mass is: 

ά= ὒ².ὸ.” 

A simple model of the table and the forces applied on it could be schematized as follows: 

 

Figure 6. Schema of the table moving part 

Where P is the weight of the model to test, F the force applied to move the table. 

The fixation of the model on the table is modeled by four points at the extremity of the 
table, so that the most critical case is reached. Similarly, the force applied to move the table 
is modeleÄ ÂÙ Á ÕÎÉÑÕÅ ÆÏÒÃÅ ÐÌÁÃÅÄ ÉÎ ÔÈÅ ÍÉÄÄÌÅ ÏÆ ÔÈÅ ÒÉÇÈÔ ÓÅÃÔÉÏÎȢ 4ÈÅÎ ×Å ÄÏÎȭÔ ÈÁÖÅ 
any torsion around the vertical axis. A stress is created by the compression and stretching 
on the lateral section due to the load F and the inertia of the moving part and the model 
placed on it. As the stress only depends on the geometry of the section and the load F, it has 
no influence in this optimization. The only stress we should consider is the one created in 
the vertical section by the load P. 

 

The thickness influences the bending-stiffness of the table. It is important to prevent the 
table flexing too much under clamping loads because it determines its lowest natural 
vibration frequency. Stiffness is an extensive property of a solid body dependent on the 
material and on the shape and boundary conditions. 

The bending stiffness, k, is: 

Ὧ=
ὖ

‏
 

ɿ is the displacement produced by the force, deflection of the table. 
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The deflection of the table section is: 

=‏
ὖ(ὒЍ2)3

48ὉὍὋὤ
 

IGZ is the second moment of the section: 

ὍὋὤ=
(ὒЍ2)ὸ3

12
 

Then: 

=‏
ὖ(ὒЍ2)3

48Ὁ
(ὒЍ2)ὸ3

12

=
ὖὒ2

2Ὁὸ3
 

Ὧ=
2Ὁὸ3

ὒ2
 

Thus, for a given stiffness k and length L, the thickness can be expressed by: 

ὸ= (
Ὧὒ2

2Ὁ
)

1
3 

Inserting this into the equation of the mass, we obtain: 

□= Ѝ .╛  .  ▓  .  (
ⱬ

╔

) 

Geometrical parameters  load parameters  material properties  

The mass of the table is to minimize. Then, for a given stiffness and minimum vibration 
frequency, the selected material should maximize the ratio: 

ὓ=
Ὁ

1
3

”
 

The best materials that maximize this ratio are magnesium alloys, titanium alloys, Carbon 
Fiber Reinforced Plastic, cast irons and zinc alloys. 

There are two further requirements. The first is that the table should have a high 
mechanical damping, measured by the loss coefficient ʂȢ The second is that the material 
should no cost too much. 

 

Material  Loss 
ÃÏÅÆÆÉÃÉÅÎÔ ʂ 

M 
 

ɪ 
(kg/m3)  

Comment 

Magnesium alloys  Up to 2.10E-2 1.9 1800 Best combination of properties 

Titanium alloys  Up to 5.10E-3 1.0 4600 Good damping but expensive 

CFRP Up to 4.10E-3 3.0 1800 Less damping than Mg-alloys but possible 

Cast irons Up to 4.10E-3 0.7 7800 Good damping but heavy 

Zinc alloys  Up to 7.10E-3 0.7 5500 Less damping than Mg-alloys but possible 
for a small table 

Table 4. Accurate material selection 

The best compromise is in the choice of a magnesium alloy. 

Another solution should be possible by combining materials, but this will not be considered 
in this study. 
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E. Thickness of the table 
Now we know the table should be of magnesium, we have to select which one will be used. 
Then, with the exact properties, we will be able to launch a structural analysis to define the 
thickness of the table. 

The thickness is going to be an important value in the selection of the actuator, since it 
changes the mass of the table. 

E.1 Magnesium properties 

First of all, here is a list of various types of magnesium and their mechanical and physical 
properties. 

 

Figure 7. Mechanical properties of various type of magnesium 

As the properties of the magnesium of which the table will be made can depend on the 
supplier, we are not able to select the exact type of magnesium right now. Thus, to simplify 
this study, we will arbitrary select the values of those properties.  

Basically, we just need a few ones: the density, the Young Modulus, the PÏÉÓÓÏÎȭÓ ÒÁÔÉÏ ÁÎÄ 
the tensile strength (yield and ultimate). 

This arbitrary selection is based on the most critical choice. After looking for magnesium 
suppliers on internet, the needed mechanical and physical properties have been gathered. 
The density value is between 1740 and 1800 kg/m3. Thus, we will take the biggest value. 
4ÈÅ 9ÏÕÎÇ -ÏÄÕÌÕÓ ÉÓ τυ '0Á ÁÎÄ 0ÏÉÓÓÏÎȭÓ ÒÁÔÉÏ πȢσυȢ 4ÈÏÓÅ ÖÁÌÕÅÓ ÍÁÙ ÃÈÁÎÇÅ ÆÒÏÍ 
magnesium alloys but the difference would be too low to be taken into account in our 
analysis. Regarding the different alloys, the tensile strength values change a lot. 

For example, the supplier Parkway gives those values: 

 

Magnesium 
type 

Density 
(kg.m^-3) 

Young Modulus 
(GPa) 

0ÏÉÓÓÏÎȭÓ ÒÁÔÉo Tensile strengh, 
yield (MPa) 

Tensile strengh, 
ultimate (MPa) 

AZ91D 1799  45 0.35 160 243 
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AM50A 1772  45 0.35 110 200 

AM50B 1799  45 0.35 130 220 

Table 5. Magnesium properties 

The International Magnesium association gives the following graphs: 

 

Figure 8. Magnesium tensile yield strength 

 

Figure 9. Magnesium ultimate tensile strength 

The black vertical straight line represents the condition of a basic test. As it is not possible 
to assume which magnesium alloy is going to be used for our project, we will select quite 
low yield and ultimate tensile strength, shows on the two previous graphs with a clear 
green curve (AM 20). This gives a value of 100 MPa for yield tensile strength and 215 MPa 
for ultimate tensile strength. 

So here are the properties of the type of magnesium we are going to use: 

 
Mechanical 
and physical 

property  

Density  
(kg  /m³)  

Young Modulus 
(GPa) 

0ÏÉÓÓÏÎȭÓ 
ratio  

Tensile strength, 
yield (MPa)  

Tensile strength, 
ultimate (MPa)  

Value 1800  45 0.35 100 215 

Table 6. Mechanical and physical properties of the selected magnesium 

Now we know the properties of our material, we are able to calculate the thickness of the 
table moving part. 

E.2 Thickness calculation 

The table is 1.8mx1.8m. 

As explained on the first part, the maximum-sized model is selected to design the table. The 
following table reminds the dimensions and mass of this model: 

 

Base (m x m)  Mass (kg) Weight (kN)  

1.42 1.42 6628.5 65 

Table 7. Table moving part dimensions and mass 

E.2.1 Basic load case 

The first analysis is based on the most critical load case. Basically, this means that the total 
mass is applied on one point in the middle of the table and the table is supported on two 
ÓÔÒÁÉÇÈÔ ÌÉÎÅÓ ×ÈÉÃÈ ÄÏÎȭÔ ÁÌÌÏ× ÁÎÙ ÄÅÇÒÅÅ ÏÆ ÆÒÅÅÄÏÍȢ 4ÈÉÓ ÇÒÏÓÓ ÁÎÁÌÙÓÉÓ ×ÉÌÌ ÁÌÌÏ× ÕÓ ÔÏ 
define a first value of the thickness of the table. Then an optimization of this value should 
be done. 
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The two straight lines represent the two guides that will be studied in chapter G. Those 
guides will be placed exactly under the limit of the model, that is to say 1.42m. They are 
modeled by hatched lines on the following drawing. 

 4ÈÉÓ ÒÅÐÒÅÓÅÎÔÓ ÔÈÅ ÌÉÍÉÔ ÏÆ ÔÈÅ ȰÔÁÂÌÅ ÓÅÒÖÉÃÅ ÁÒÅÁȱȟ ÃÏÌÏÒÅÄ ÉÎ ÇÒÅÅÎȢ .ÏÔÈÉÎÇ ×ÉÌÌ ÂÅ ÆÉØÅÄ 
beyond this area. 

 

Figure 10. Dimensions of the table service area 

As those limit conditions are quite simple, we assume that the area beyond the previous 
limit will not be affected by this first load case. Therefore, we will first model the table as a 
1.42m length square. For each simulation, the thickness is a variable.  

E.2.2 Steps 

The software that is used is called RDM Le Mans. It allows realizing finite element 
calculations. This software uses the plate theory.  
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Figure 11. Finite element mesh 

Here is the mesh, with 
the applied load in the 
center, and fixations on 
two opposite edges. 

After implementing the 
material parameters and 
defining the load case, 
we give a thickness to 
the plate and launch the 
calculation. 

Then, we get the 
displacement value and 
the maximum Von Mises 
stress. 

 

The Von Mises stress 
can be plotted as 
follows. The stress 
values are 
represented on a 
color scale. The 
maximum Von Mises 
stress, shown in red, 
is located in the 
middle of the table, 
where the load is 
applied.  

To get the peak value 
of stress and 
displacement, we can 
plot iso-value lines, 
as follows. 

 

Figure 12. Stress obtained on the table 

 

Figure 13. Displacement iso-value lines 

 

Figure 14. Stress iso-value lines 

The calculation is repeated with different  values of thickness. 
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E.2.3 Results 

To extract a good result, we require a coefficient of security of 3 for the yield strength and 4 
for the ultimate strength. The formula of the margin of security is therefore: 

 

 ὓέὛώὭὩὰὨ =
ὣὭὩὰὨ ὛὸὶὩὲὫὸὬ

3.„ὠέὲ ὓὭίὩί
1 

 

 ὓέὛόὰὸὭάὥὸὩ =
ὟὰὸὭάὥὸὩ ὛὸὶὩὲὫὸὬ

4.„ὠέὲ ὓὭίὩί
1 

 

To fulfill the requirement of safety, those coefficients shall be positive. 

The results are given on the following table. 

  

  
Analysis results 

 
Yield Ultimate 

Thickness 
(m) 

Mass table Von Mises Max 
Stress (Mpa) 

Maximum 
displacement (mm) MoS MoS (kg) 

0.06 349.92 42.4 0.254 -0.21 0.27 

0.07 408.24 31.14 0.163 0.07 0.73 

0.08 466.56 23.85 0.111 0.4 1.25 

0.09 524.88 18.84 0.0797 0.77 1.85 

0.1 583.2 15.27 0.0595 1.18 2.52 

0.11 641.52 12.62 0.0458 1.64 3.26 

0.12 699.84 10.61 0.0362 2.14 4.07 

Table 8. Analysis results and margin of security 

As the table shows it, a 0.06m thickness table will not be thick enough to fulfill the margin of safety 
of yield. The following value of 0.07m is a potentially good value since it fulfills both requirements 
in terms of margin of safety. The maximum displacement is 0.1mm, which is largely acceptable. 
Basically, we could select this value of a thickness. But since we should realize other more accurate 
simulations and analysis, we should keep a margin of safety in terms of design. The mass of the 
0.07m-thick table is around 400kg. As the 0.08m-thick table only weights 60kg more than the 
previous one, we will  select this last value of 0.08m, keeping in mind that it can be decreased on a 
further optimization.  
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F. Selection of a linear actuator 

F.1 Thrust calculation for a first approximation 

The thrust necessary to perform a specific move profile is equal to the sum of four 
components of force. These are the force due to acceleration of the mass, gravity, friction 
and eventual applied forces. 

F.1.1 Terms and units 

 

Figure 15. Schema of a classical system 

Thrust = Total linear force (N) 
Ffriction = Force from friction (N) 
Facceleration = Acceleration force (N) 
Fgravity = Force due to gravity (N) 
Fapplied = Applied forces (N) 

Ὧ = Angle of inclination (deg) 
ʈ = Coefficient of sliding friction 
WLoad = Weight of Load (kg) 
WActuator = Weight of actuator (kg) 
a = acceleration peak (m/s²) 

F.1.2 Thrust calculation equations for a first approximation 

The figure above shows a general case where the force required by an actuator must be 
determined. All of the above forces are included, and it is important to note that all of these 
forces can change over time, so the thrust should be calculated for each section of the move 
profile. The worst case thrust and speed required should be used to pick the appropriate 
actuator.  

All of these forces added up must be equal to mass times acceleration: 

 

Ὂ= ά.ὥ=
ὡὸ

Ὣ
ὥ 

Ὂὥὧὸόὥὸέὶ ὊὥὴὴὰὭὩὨ ὊὪὶὭὧὸὭέὲ ὊὫὶὥὺὭὸώ=
ὡὸ

Ὣ
ὥ 

Ὂὥὧὸόὥὸέὶ=
ὡὸ

Ὣ
ὥ+ ὊὥὴὴὰὭὩὨ+ ὊὪὶὭὧὸὭέὲ+ ὊὫὶὥὺὭὸώ 

Where: 
ὡὸ= ὡὰέὥὨ+ ὡὥὧὸόὥὸέὶ 
ὊὪὶὭὧὸὭέὲ= ‘.ὡὰέὥὨ.ὧέί— 
ὊὫὶὥὺὭὸώ= ὡὰέὥὨ.ίὭὲ— 
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Figure 16. Schema of our horizontal system 

In our system, q=0. Thus, Fgravity is equal to 0. 

Fapplied is also equal to 0. The previous equation becomes: 

Ὂὥὧὸόὥὸέὶ=
ὡὸ

Ὣ
ὥ+ ‘.ὡὰέὥὨ 

For a linear bearing with rolling parts , a critical and quite bad coefficient of sliding friction 
would be about 0.005. Factuator becomes important when the acceleration force, (Wt/g)a, 
is a significant part of the thrust calculation. For simplicity, we will start by neglecting this 
weight, and calculate the required thrust without it. After selecting an actuator, we will take 
into account its mass inertia and recalculate thrust to check if it still works. 

 

Now, we should extract the acceleration and velocity peaks and the maximum displacement 
from a given signal. 

F.2 Signal definition: small-scaled seismic move 

On the previous part, we saw that the thrust should be calculated for each section of the 
move profile  because the forces can change over time. However, in our case, the friction 
force and the weight will not change over time. The only force that depends on the move 
profile is the acceleration. Therefore, if we select the peak of acceleration of our signal, we 
ensure that the actuator will be powered enough to recreate the whole signal. 

The signal to be used should be the most demanding. Here is the record of the seism of 
Kobe Takatori. The signal is non-scaled. 

 

Figure 17. Acceleration record of Kobe Takatori seism 
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Since the acceleration scale is equal to 1, scaling the signal will only change the values of 
time. From the record, we can extract a peak of 6.114 m/s². This value will be used as the 
maximum acceleration to provide on a test. 

With the time scale, we can extract the signal the model should be submitted. Then we can 
find the maximum speed and displacement of the ground. 

Now we should extract the maximum speed. It might not correspond to the acceleration 
peak. The maximum speed is 0.41m/s. This value corresponds to an acceleration of 6.114 
m/s² and a displacement of 0.066m. If we extract the maximum speed corresponding to the 
maximum acceleration, we can see that acceleration peak and speed peak happen during 
the same time section. 

 

Figure 18. Speed peak 

 

Figure 19. Displacement peak 

The first step in analyzing a motion control application and selecting an actuator is to 
determine the required move profile. This move profile is based on the distance to be 
traveled and the amount of time available in which to make that move.  

If the average velocity of the profile is less than half the maximum velocity of the actuator, 
then triangular  profiles can be used. If not, a trapezoidal profile can be used. 

After calculations, the average velocity in this section of time is found equal to 0.262m/s, 
which is more than half the maximum velocity. Thus, our profile will be approximated as a 
trapezoidal move profile. 

 

Figure 20. Velocity ideal move 

 

Figure 21. Velocity approximated move 

Vmax= max.velocity (m/s) 
Vavg = avg. velocity (m/s) 
tacc = acceleration time (s) 
tdec = deceleration time (s) 

tcv = constant velocity time (s) 

ttotal = total move time (s) 
acc = accel (m/s²) 
dec = decel (m/s²) 

cv = constant vel. (m/s) 
stroke = total move distance (m) 
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With the velocity approximated move, we will be able to get the required values to select the right 
actuator. 

F.3 Motor Torque calculation and real thrust calculation 

When selecting an actuator system, it is necessary to determine the required motor torque 
to perform the given application. These calculations can then be compared to the torque 
ratings of the given amplifier and motor combination that will be used to control the 
ÁÃÔÕÁÔÏÒȭÓ ÖÅÌÏÃÉÔÙ ÁÎÄ ÐÏÓÉÔÉÏÎȢ 

The torque is composed by the static torque, the dynamic torque during acceleration and 
deceleration and the torque due to mass inertia of the electric cylinder. 

ὓ= ὓίὸὥὸὭὧ+ ὓὨώὲὥάὭὧ + ὓὥὧὸόὥὸέὶ 

Since the actuator is not opposed to the weight of the load created by the moving part and 
the model, there is no static torque. To select the maximum value of torque, we should find 
whether it is at its maximum during acceleration or deceleration. Thus, we calculate either 
value during acceleration and deceleration: 

ὓὨώὲὥάὭὧ (ὥὧὧὩὰὩὶὥὸὭέὲ ) άὥὼ=
ὓ.ὥάὥὼ.ὖ

2.“.–
 

ὓὨώὲὥάὭὧ (ὨὩὧὩὰὩὶὥὸὭέὲ ) άὥὼ=  
ὓ.ὥάὥὼ.ὖ.–

2.“
 

ὓὥὧὸόὥὸέὶ(ὥὧὧὩὰὩὶὥὸὭέὲ ) άὥὼ=
ὐὥὧὸόὥὸέὶ.ὲάὥὼ.2.“

ὸὥὧὧὩὰὩὶὥὸὭέὲ
 

ὓὥὧὸόὥὸέὶ(ὨὩὧὩὰὩὶὥὸὭέὲ ) άὥὼ=  
ὐὥὧὸόὥὸέὶ.ὲάὥὼ.2.“

ὸὨὩὧὩὰὩὶὥὸὭέὲ
 

Where ʂ ÉÓ ÔÈÅ ÅÆÆÉÃÉÅÎÃÙ ÏÆ ÔÈÅ ÁÃÔÕÁÔÏÒȢ 

P is the spindle pitch of the actuator. 

 ὲάὥὼ is the maximum speed of the actuator :  ὲάὥὼ=
ὺάὥὼ

ὖ
 

 ὐὥὧὸόὥὸέὶ is the mass moment of screw inertia of the actuator. 

 ὸὥὧὧὩὰὩὶὥὸὭέὲ  is the time section of acceleration extracted from the move profile. 

 ὸὨὩὧὩὰὩὶὥὸὭέὲ  is the time section of deceleration extracted from the move profile. 

Then, the maximum torque can be calculated. From this value, the real thrust needed is 
calculated as follows: 

ὙὩὥὰ ὝὬὶόίὸ=
ὓάὥὼ.2.“

ὖ.–
 

This value of thrust is the real requirement for the selection of the actuator. 

F.4 First approximation to select an actuator 

F.4.1 Mathcad implementation and approximate required values 

Once all the values and formulas have been implemented on a Mathcad file, we get this 
minimum requirement , which is given without any margin of safety: 

Approximate maximum thrust: 44kN 

4ÈÉÓ ÖÁÌÕÅ ÄÏÅÓÎȭÔ ÉÎÃÌÕÄÅ the weight of actuator for now. 

Maximum Speed: 410mm/s 

Maximum Stroke: 66mm 



Diseño de una mesa vibradora. REPORTE LABDIN 01/10 

Laboratorio de Dinámica de Estructuras (LABDIN)   Página 24/36   

BE CAREFUL: This is only an approximation of the thrust we should at least reach. Indeed, 
we will also have to take into account the inertia of the screw in the actuator which 
increases the value of thrust. 

F.4.2 Pre-selection of a linear actuator 

The supplier SEW EURODRIVE offers actuators that can maybe fit our requirements.  

 
SEW EURODRIVE 

Model Nr. Stroke (mm) Max Linear Speed (mm/sec) Max Force (kN) 

CMS71L (KGT) 200 750 17 

FT35-2420 (PGT) 200 375 20 

Table 9. Sew Eurodrive actuator properties 

As we can see on this table, the maximum linear speed can only be reached by the CMS71L 
(KGT). 

The required stroke is reached. But the required thrust cannot be reached with a single 
actuator which only gives 17kN. Thus, we should use 2 actuators of the same type to reach 
34kN which is still too low for our requirements. Using three actuators will maybe not be a 
pertinent solution in terms of static indetermination. Indeed, the third actuator may 
interfere in the parallelism of the two others and create a stress in the guidance system. We 
can propose to put the accent on a perfect parallelism of the three actuators but this will 
never be obtained. Then, since the displacement and time of our signal are really small, a 
small error could interfere in the position and movement of the table and significantly 
reduce the accuracy of the movement. But this should be discussed.  

We could try to decrease the thrust needed in selecting another less heavy prototype or by 
selecting a less demanding signal of seism. The solution to limit the mass of the model is 
pertinent since we first selected the heavier prototy pe of building. If we have a look at the 
different cases in terms of weight on the table section 2, we could select the first solution 
which has a similar dimension of base but a weight of 3259kg. Then the calculation should 
be redone to check if the actuator fulfills our new requirements. 

With this modification, the thickness of the table should be recalculated. However, the mass 
of the table does not have a big influence on the global mass and thus on the maximal 
thrust. This is why we can keep the previous value of 8cm, keeping in mind that this value 
could be optimized. 

But before deciding to reduce our requirements in terms of mass, we should look for other 
suppliers and see if our first requirements can be fulfilled by an actuator. 

After looking for various suppliers on internet, a solution can be found by the supplier 
EXLAR, which can provide various solutions. 

F.5 Selection of a linear actuator with real required values 

Since we have a list of potential actuators, we can implement the right values on the 
Mathcad file and get the real requirements. As written before, in applications where the 
acceleration force, (Wt/g)a, is a significant part of the required thrust, the actuator mass 
must be considered in the thrust calculation. After an actuator is chosen, the actuator linear 
inertia  is added to the weight of the load. 
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Here is the list of actuators that fulfill our requirements. 

Model Nr. Stroke 
(mm) 

Screw lead 
(mm) 

Max Linear 
Speed 

(mm/s) 

Torque at 
max force 

(N/m) 

Screw 
inertia 
(kg.m²) 

Max force 
(kN) 

Max Rot 
Speed (rpm) 

FT60-1230 305 30 1000 497,1 0,0051 90,8 2000 
FT60-2430 610 30 1000 497,1 0,0083 90,8 2000 
FT60-3630 914 30 1000 497,1 0,0113 90,8 2000 
FT60-4830 1219 30 1000 497,1 0,0142 90,8 2000 
FT80-1230 305 30 875 998,8 0,0184 178 1750 
FT80-2430 610 30 875 998,8 0,0279 178 1750 
FT80-3630 914 30 875 998,8 0,0374 178 1750 
FT80-4830 1219 30 875 998,8 0,0468 178 1750 

Table 10. Exlar actuator properties 

As given on EXLAR technical document, an efficiency of 85% is given for the actuator roller 
screw. After adding step by step the actuator inertia of each model to our calculation, we 
get the following results: 

Model Nr Max force provided by the actuator (kN) MAX THRUST required (kN) 

FT60-1230 90,8 61,7 

FT60-2430 90,8 62,71 

FT60-3630 90,8 63,66 

FT60-4830 90,8 64,58 

FT80-1230 178 65,9 

FT80-2430 178 68,9 

FT80-3630 178 71,9 

FT80-4830 178 74,87 

Table 11. Maximum force provided and required for various Exlar actuator 

Each of those actuators can be selected for our problem. The four first solutions allow a 
better linear speed, which can suit to a more demanding signal that the one we selected. 
The four last ones give a better maximum force. The main others differences are stroke 
values. An FT60-1230 or FT80-1230 with a stroke length of 305mm is largely enough for 
the type of signal we use.   

Please note that a motor has to be added to empower the actuator. Since electrical 
calculations have to be performed, the best way is to ask EXLAR for the choice of the motor. 
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G. Guidance 

G.1 Type of contact 

Quality is reached with 
- An accurate guidance 
- A good maximal displacement speed 
- A low intensity of stress 
- Reliability 
- Volume 
- Cost 

 Direct Contact  With antifriction 
elements  

With rolling parts  

Accuracy +/ - 
Wear 

+/ - 
 

++ 

Performance 
(speed, efficiency)  

-- +/ - 
 

++ 

Friction coefficient  -- : 0.05 up to 0 .2  
(stick slip at low speed)  

+/ - 
 

++ :  
0.005 up to 0 .0005  

Intensity of 
mechanical stress  

-- +/ - 
 

++ 

Lubrication  Necesary Auto -lubrication  No 
Cost ++ +/ - -- 

 Game Yes Yes No 

Table 12. Type of contact comparison 

To simulate the signal of the seism, the most accurate system has to be chosen with a good 
performance. To preserve the table material and accuracy of the system, the friction 
coefficient has to be decreased. Moreover, on the third solution, the wear appears on the 
rolling parts, which are mutable. 

To reach the goals of the project, a solution with rolling parts is going to be used. 

Now, we are going to detail the existing solutions. 
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G.2 Type of solution allowing a rolling part system 

G.2.1 Solution 1 ς a dovetail guide 

 

Figure 22. Dovetail guide section 

It is used to guide mobile truck of machine-tool 

This solution needs a space for clearance compensation. 

For our solution, it would be provided with rolling part connection. 

G.2.2  Solution 2 ς an open crosshead guide 

 

Figure 23. Open crosshead guide section 

This solution needs the application of a vertical load to work. Gravity is often used on this 
system. 

Various rolling parts can be used. 
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Figure 24. Rolling part system 

A rolling bearing cage of rolls is shown on the following drawing. 

 

Figure 25. Bearing cage detail 

A few pictures of those rolling bearing are given further on this report. 

Because parts are rolling, this solution implies the calculation of the needed length. 

 

Figure 26. Calculation of the needed length 
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G.2.3 Solution 3 

 

Figure 27. Solution 3 section 

This solution also needs a space for clearance compensation. 

For our solution, it would be provided with rolling part connection. 

G.2.4 Solution 4 ς with rollers 

 

Figure 28. Section of a system including rollers  

This solution transforms a translation movement into a rotating movement of rollers. 

Rollers are shown on the following drawing: 

 

Figure 29. Roller drawing and section 

G.2.5 Solution 5 ς with skids 

This solution is used for machine-tool translation system. 
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Figure 30. Section of a system including skids 

This solution uses skids: 

 

Figure 31. Skid drawing and section 

It can be used for a bigger translation length. 

This is used for numeric moulding machine tables. 

G.2.6 Solution 6 ς with bearing drawn cup 

 

Figure 32. Solution with bearing drawn cup 

This solution needs two rails. The static indeterminacy of this system implies a very 
accurate parallelism of the rails. 
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Figure 33. Example of bearing systems 

G.3 Most accurate solution 

 

Figure 34. Open crosshead guide detailed section 

This solution sounds to be accurate to our project. Indeed, it might be the cheapest and 
easiest one. 

&ÉÒÓÔȟ ÔÈÅ ÍÏÕÎÔÉÎÇ ÉÓ ÎÏÔ ÃÏÍÐÌÉÃÁÔÅÄ ÂÅÃÁÕÓÅ ÉÔ ÄÏÅÓÎȭÔ ÎÅÅÄ ÁÎÙ ÃÌÅÁÒÁÎÃÅ ÁÄÊÕÓÔÍÅÎÔȢ 
-ÏÒÅÏÖÅÒȟ ÔÈÉÓ ÓÏÌÕÔÉÏÎ ÉÓ ÎÏÔ ȰÓÔÁÔÉÃ ÉÎÄÅÔÅÒÍÉÎÁÔÅȱȟ ×ÈÉÃÈ ×ÉÌÌ ÁÌÌÏ× Á ÂÅÔÔÅÒ ÒÅÐÁÒÔÉÔÉÏÎ ÏÆ 
eventual parasite loads. At last, this type of solution is accurate with the parameters of the 
project, as a big vertical load is going to be applied, due to the weight of the building. 

A solution with skids would also be accurate but it might be more expensive. The guidance 
system shown on solution 5 should be simplified, using the weight of the building and 
suppressing 4 skids (2 on the picture). 

 

The calculation of the life cycle bearing has to be performed. 

The rigidity of the liaison should comply with the most critical load case (the whole mass 
applied in the middle of the table). 

At last, lubrication of the system has to be thought to decrease losses of energy. 



Diseño de una mesa vibradora. REPORTE LABDIN 01/10 

Laboratorio de Dinámica de Estructuras (LABDIN)   Página 32/36   

 

H. Components list and characteristics 
Here is a list of the different elements composing the table, its material and characteristics. 

The elements that have not been taken into account in this analysis are just suggested. 

 

Element  Remarks  

Moving part  Made of magnesium, dimensions 1.8mx1.8m 
Support  Probably made of steel 

Actuator  FT60-1230 or FT80-1230 provided by EXLAR 

Actuator motor  To be discussed with the supplier 

Rail  Two elements, 1.42m length, maybe provided by THK 

Fixation Soil - Actuator  Maybe steel 
Fixation Soil - Support  Maybe steel 

Fixation Model ɀ Moving part  Standard elements, stress analysis necessary 

Table 13. List of the components and characteristics 

 
Here are a few pictures of the rolling bearing and skids provided by THK. 
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Figure 35. Cross Roller guide 

 

Figure 36. Cross Roller guide and Ball Guide 

 

Figure 37. LM Roller 

 
Figure 38. LM Roller system 

The LM Roller is a compact linear guide 
with high load performance and a mallet 
type roller able to make infinite circular 
motions. This product is optimally 
applicable to machines required for high 
positioning accuracy, repeatability and 
rigidi ty. 

 

Figure 39. Cage roller LM guide Figure 40. Skids 
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I. Conclusion 
In this study, the more critical cases have been taken into account. A lot of points could be 
optimized to avoid over-design, as it has been mentioned all along the report. 

The table is composed by a moving part made of magnesium, a guidance with roll bearing, a 
support on which it is fixed and an actuator to produce the movement together with a 
motor that should be chosen with the supplier. If other modifications had to be done, like 
selecting a cheaper material for the moving part, calculations on the thickness should also 
be performed. 

The prototype to be scaled is a 1835000kg-heavy building, 45m-high with a 10mx10m-
base. Basically, we have a 6630kg-heavy model that is fixed on a 1.8m-square table and 
0.08m-thick. The signal to be simulated has an acceleration peak of 6.114m/s² with a 
maximum speed of 0.41m/s and a stroke of 0.070m. The maximal thrust to be provided by 
the actuator should be between 61kN and 75kN, depending on the actuator linear inertia. 
The inertia and efficiency of the motor to be added to the actuator may be taken into 
account to select the most accurate one among the list given on this report. One important 
point, if a combination of actuator is preferred for other reasons such as the cost of the 
shaking table, is to avoid combining three actuators acting in the same direction. Indeed, 
this could create a static indetermination and decrease the accuracy of the shaking table.  

Considering the guidance system, the best should be to place the two elements at a 1.42m-
distance, so that when the selected model is fixed on it, the four corners of the base are 
applied on them and the load is put away from the center of the table. 

This study is a base for further research. Optimization has to be done to decrease the cost of 
the table. And of course, if the cost was too high, the requirements could be decreased by 
selecting a lighter prototype of building or a record of a lower seism. 

 

 

Figure 41. Shaking table global view 
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Appendix 

Apéndice I. Common magnesium alloys 

Here is a list of common magnesium alloys and the main reason they are used. 

Alloy 
Designation   

Alloying 
Additives   

Uses  Reasons for use  

AZ91  
9.0 % Al 0.7 
% Zn 0.13 % 

Mn  
General casting alloy  

Good castability, good mechanical 
properties  at T<150ºC.  

AM60  
6.0 % Al 

0.15% Mn  
High pressure die 

casting alloy  

Greater toughness and ductility than 
AZ91, slightly lower strength. Often 
preferred for automotive structural 
applications.  

AZ31  
3.0 % Al 1.0 
% Zn 0.2 % 

Mn  

Wrought magnesium 
products  

Good extrusion alloy.  

ZE41  
4.2 % Zn 1.2 

% RE 0.7 % Zr  
Specialist casting 

alloy  

Rare earth addition improves creep 
strength at elevated temperatures. 
Pressure tight.  

AS41  
4.2 % Al 1.0 

% Si  
General casting alloy  

Better creep resistance than AZ91 at 
elevated temperatures but lower 
strength.  

 


