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1 Components 
 

Photo Type/Name Part n° Links  

 
EXCM-30- 2226101        

Table 1.1:  Components/Software used 

 

https://www.festo.com/cat/en-gb_gb/search?query=EXCM-30-
https://www.festo.com/gb/en/a/2226101/?autoShowCatPDF=true&fwacid=828ac7f6f8618947
https://www.festo.com/cat/xdki/data/PIC/1ABBFCBD7D254627A809D6C01BA9760D.jpg
https://www.festo.com/cat/en-gb_gb/DKI3WebCAD.asp?part=2226101&IDCODE1=EXCM-30-&fwacid=828ac7f6f8618947
https://www.festo.com/cat/en-gb_gb/DKI3PartImage.asp?part=2226101&type=photo
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2 Introduction 

2.1 Hardware Configuration 

 
Fig. 2.1:  EXCM-30 

 

2.2 Conversion Matrices 

 

To know the angular positions θ1 and θ2 (rad) of each motor from the Cartesian position [X;Y] (mm) 

 

[
𝜃1

𝜃2
] =

1

𝑟𝑎𝑑𝑖𝑢𝑠
∗ [

−1 −1

−1 1
] [

𝑋

𝑌
] 

 

To determine the cartesian position [X;Y] from the angular positions θ1 and θ2 (rad) 

 

[
𝑋

𝑌
] =

𝑟𝑎𝑑𝑖𝑢𝑠

2
∗ [

−1 −1

−1 1
] [

𝜃1

𝜃2
] 

 

The motor controllers are each configured with their own motor and the unit of measurement is the radian (rad; 
rad/s; rad/s²) 
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The use of radians is not mandatory, it is quite possible to change the unit of measurement and adapt the matrices 
accordingly. 

For example in rev turns [r, r/s, r/s² ...] 

 

 

 

[
𝜃1

𝜃2
] =

1

𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
∗ [

−1 −1

−1 1
] [

𝑋

𝑌
] 

 

 

[
𝑋

𝑌
] =

𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

2
∗ [

−1 −1

−1 1
] [

𝜃1

𝜃2
] 

 

The feed constant per revolution of an EXCM-30 is 38mm/revolution. 

  

If we apply the matrix to know the cartesian position, this gives 2 equations: 

 

𝜃1 = 𝑃𝑜𝑠𝑀𝑜𝑡1 

𝜃2 = 𝑃𝑜𝑠𝑀𝑜𝑡2 

 

 

𝑋 =
38

2
∗ (−𝑃𝑜𝑠𝑀𝑜𝑡1 − 𝑃𝑜𝑠𝑀𝑜𝑡2) 

 

𝑌 =
38

2
∗ (−𝑃𝑜𝑠𝑀𝑜𝑡1 + 𝑃𝑜𝑠𝑀𝑜𝑡2) 
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3 Trajectory management  
With these conversions it is then possible to send Cartesian instructions [X,Y], but the movement will not be recti-
linear, and we will obtain a displacement similar to the red trajectory. 

  

To obtain a straight displacement (green trajectory), it is necessary to determine the dynamics of each motor so 
that their travel time is equal. 

 
 

 
Fig. 3.1:  Trajectories of Movements 

 
 

Additional equations will be used to calculate the speeds, accelerations and deceleration for each engin 

 

 

Fig. 3.2:  Combined motor speeds  
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4 Kinematic equations 

Starting position Setpoint Unknowns to be determined 

Angular position M1 (ϴ1A) Position XB (mm) Angular position M1 (ϴ1B) 

Angular position M2 (ϴ2A) Position YB (mm) Angular position M2 (ϴ2B) 

Position XA (mm) Velocity (mm/s) Velocity M1 

Position YA (mm) Acceleration (mm/s²) Velocity M2 

 Deceleration (mm/s²) Acceleration M1 

  Deceleration M1 

  Acceleration M2 

  Deceleration M2 

Table 4.1:  Input data 

The units of measurement of the unknowns to be determined are based on the parameterization made in the Festo 
Automation Suite software. 

4.1 Calculation of distances by Axis (mm) and motor (rev) 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑋𝐴𝐵 =  𝑎𝑐𝑡𝑢𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑋𝐴 –  𝑠𝑒𝑡𝑝𝑜𝑖𝑛𝑡 𝑋𝐵  

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑌𝐴𝐵  = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑌𝐴–  𝑠𝑒𝑡𝑝𝑜𝑖𝑛𝑡 𝑌𝐵   

 

𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀1 =  𝑎𝑐𝑡𝑢𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 ϴ1A–  𝑠𝑒𝑡𝑝𝑜𝑖𝑛𝑡 ϴ1A 

𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀2 =  𝑎𝑐𝑡𝑢𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 ϴ2A –  𝑠𝑒𝑡𝑝𝑜𝑖𝑛𝑡 ϴ2𝐵  

 

 
A = current position. 

B = position setpoint to be reached. 
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4.2 Calculation of the distance to be covered [X,Y], (Pythagoras) 

 

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑏𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 =  √𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑛 𝑋2 + 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑛 𝑌2 

 

 

4.3  Calculation of acceleration and deceleration times 

 

𝑡𝑖𝑚𝑒𝑎𝑐𝑐 =  
𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛
  

 

𝑡𝑖𝑚𝑒𝑑𝑒𝑐 =  
𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝑑𝑒𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛
 

4.4 Calculation of acceleration and deceleration distances 

 

 𝑎𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
1

2
∗ 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 ∗ 𝑡𝑖𝑚𝑒𝑎𝑐𝑐² 

 

 𝑎𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
1

2
∗ 𝑑𝑒𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 ∗ 𝑡𝑖𝑚𝑒𝑑𝑒𝑐² 

4.5 Calculating the distance traveled at Vmax 

 

 𝑉𝑚𝑎𝑥 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑏𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 − ( 𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 + 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ) 

 

Optional formula, to determine if the maximum speed can be reached  𝑉𝑚𝑎𝑥 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 > 0  
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4.6 Determination of the Direction of Motion Angle 

 

𝑎𝑛𝑔𝑙𝑒 =  tan−1∗ (
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑌𝐴𝐵

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑋𝐴𝐵

) 

 

4.7 X & Y axis projection  

 

α = angle  

 

 𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑛 𝑋 = sin α ∗  𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑛 𝑋 = sin α ∗  𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

 𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑛 𝑌 = cos α ∗  𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑛 𝑌 = cos α ∗  𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

 

4.8 Conversion of Acceleration Distances and Engine Rotation Deceleration 

We consider that the parameterized unit is: Rev [r, r/s, r/s² ...] and that the feed constance = 38mm. 

 

 𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀1 =
1

38
∗ ( 𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑋 +  𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑌) 

 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀1 =
1

38
∗ ( 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑋 +  𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑌) 

 𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀2 =
1

38
∗ ( 𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑋 −  𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑌) 

 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀2 =
1

38
∗ ( 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑋 − 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒  𝑌) 
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4.9 Determination of Rotational Acceleration and Deceleration/s² 

 

𝐀𝐜𝐜 𝐌𝟏 = 2 ∗  
 𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀1

 𝐴𝑐𝑐 𝑡𝑖𝑚𝑒 ²
 

 

𝑫𝒆𝒄 𝑴𝟏 = 2 ∗ 
 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀1

𝐷𝑒𝑐 𝑡𝑖𝑚𝑒 ²
 

 

𝑨𝒄𝒄 𝑴𝟐 = 2 ∗ 
 𝐴𝑐𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀2

𝐴𝑐𝑐 𝑇𝑖𝑚𝑒  ²
 

 

𝑫𝒆𝒄 𝑴𝟐 = 2 ∗ 
 𝐷𝑒𝑐 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀2

 𝐷𝑒𝑐 𝑇𝑖𝑚𝑒 ²
 

 

 

4.10 Determination of velocity, rev/s 

 

 𝑴𝟏 𝑽𝒆𝒍𝒐𝒄𝒊𝒕𝒚 =  𝑀1 𝐴𝑐𝑐 ∗  𝐴𝑐𝑐 𝑡𝑖𝑚𝑒 

 𝑴𝟐 𝑽𝒆𝒍𝒐𝒄𝒊𝒕𝒚 =  𝑀2 𝐴𝑐𝑐 ∗  𝐴𝑐𝑐 𝑡𝑖𝑚𝑒 
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5 Motion Controls 
 

In this sample, the Festo point to point Library for Codesys3.5 is used, it’s available on Festo Support Portal 

 

Function blocks CODESYS 

PtP function blocks for Codesys 3.5 
Point-to-point (PtP) library for servo drives with EtherCAT (CiA402) 
in the Codesys V3.5 development environment. 

 

All the calculation are implemented in an function bloc named Trafo_Gantry, the source code is shown at the next 
page. 

Each motor can then be controlled individually and simultaneously by applying the calculated setpoints for each 
one  

Position, Acceleration, Speed and Deceleration. 
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