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Notice regarding the use of the H-type EXCM/EXCH gantry without EXCM
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motion PLC.

This application note explain how to calculate the dynamics data
for each motors to obtain a linear movement in the 2D cartesian
system.
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Components

1 Components
Photo Type/Name Part n° Links
¥ EXCM-30- 2226101 o

Table 1.1: Components/Software used
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Introduction

2 Introduction

21 Hardware Configuration

belt
fastening

Fig.2.1:  EXCM-30

2.2 Conversion Matrices

To know the angular positions 81 and 62 (rad) of each motor from the Cartesian position [X;Y] (mm)

[91 1 *[—1 —1”X]
02 radius -1 11y

To determine the cartesian position [X;Y] from the angular positions 81 and 62 (rad)

=30

The motor controllers are each configured with their own motor and the unit of measurement is the radian (rad;
rad/s; rad/s?)

il
[ CMMT-5T-C8-1C-EC-50 Maximum Current  Intermediate Circuit Voltage  Supply Voltage i o
» 8084005 Licenses 10,004 43,00V 2400V
Serva drive
A

'ﬁ EMMS-5T-42-5-5E-51-G3 Type Holding Brake  Encoder Protocol Encoder Type  Voltage  Virtual Mode / =

. 2253453 Stepper motor (1) Mo Incremental (4) MNone (0) 4800V Deactivated m
Mator
'

User defined rotative axis Position Range 7 i
= . Unlirnited m
Axis

. .

@ User Defined Mounting Kit Type  Gear Ratio / =

. Axial 101 m

Mounting Kit
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Introduction

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/s? ...]

i * Select Axis X
s'- - EMMS-ST-42-5-SE-51-G3 Type Holding Bt ’ =
- 2253453 Stepper motor (1) No Z M
User defined rotative axis
Maotor
M
User defined rotative axis Position Range Ia =
AT Unlimited m
Asxis
4 Search Results Selected Component
. .
@ User Defined Mounting Kit Type  Gear Ratio Actual user ‘ Rev[r, /s, ] (2) = o =
* = Axial 11 unit Z m
Mounting Kit
Moticn Rotative
- Unlimited axis v| Active
= Mo gear configured
Design axis Single axis (0)
Gear

1 -1 =
g;] N feed constant i [—1 11] [);]

[)Y(] _ feed coznstant * [:1 _11] [Z;]

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:

01 = PosMot1
02 = PosMot?2

38
X = > * (—PosMot1 — PosMot2)

38
Y = -5 * (—PosMot1 + PosMot2)
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Trajectory management

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

Vitesse

Moteur 1

Moteur 2

temps

Fig. 3.2:  Combined motor speeds
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Kinematic equations

4 Kinematic equations
Starting position Setpoint Unknowns to be determined
Angular position M1 (81a) Position Xg (mm) Angular position M1 (81s)
Angular position M2 (824) Position Ys (mm) Angular position M2 (62s)
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 X,z = actual position X, - setpoint Xg
Distance Y 5 = actual position Y,- setpoint Yg

angular distance M1 = actual position 81,- setpoint 61,
angular distance M2 = actual position 62, - setpoint 02

Distance X

>

Distance %

A = current position.
B = position setpoint to be reached.
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Kinematic equations

4.2 Calculation of the distance to be covered [X,Y], (Pythagoras)

distance to be covered = \/distance on X? + distance on Y?

X
43 Calculation of acceleration and deceleration times
. _ Velocity
tMCacc = acceleration
" _ Velocity
MMedec = oceleration
4.4 Calculation of acceleration and deceleration distances

1
acc distance = 7 * acceleration * timeg..>

1
acc distance = 3 * deceleration * timeg,.*

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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Kinematic equations

4.6 Determination of the Direction of Motion Angle

_, (Distance Yyp
angle = tan™"* (—)
Distance X 5

4.7 X &Y axis projection

a = angle

Acc distance on X = sina * Acc distance
Dec distance on X = sina * Dec distance
Acc distance onY = cosa * Acc distance

Dec distance onY = cosa * Dec distance

4.8 Conversion of Acceleration Distances and Engine Rotation Deceleration
We consider that the parameterized unit is: Rev [r, r/s, r/s?...] and that the feed constance = 38mm.
1
Acc distance M1 = 38 * (Acc distance X + Acc distance Y)
1
Dec distance M1 = 38 * (Dec distance X + Dec distance Y)
1
Acc distance M2 = 38" (Acc distance X — Acc distance Y)

1
Dec distance M2 = 38 * ( Dec distance X — Dec distance Y)
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Kinematic equations

4.9 Determination of Rotational Acceleration and Deceleration/s?
Acc distance M1
AccM1 = 2 « —
Acc time
Dec distance M1
Dec M1 = 2 « —
Dec time
Acc distance M2
Acc M2 =2 x - >
Acc Time
Dec distance M2
Dec M2 =2 *

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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Motion Controls

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.

PosX PositionX.

PosY —Position’
Vel —Velocity
"

Acc
Dec —Decalerztion

ADR{D1) 1
ADR{D2) =2

Trafo_Ganuy 0 12

Trafo_Ganuy

irDrive 1

iDrive2
IrhctPosX]
IrActPosY|
Dynfons 1 —

scPasX —
actPosY

Dynfocis2

Page 12 of 13

MC_Movedbsolte X [3

MC_MaveAbsokite_Fesio
s Dong|
Executa Busy|
—ContinuousUpdate Active
Pasition CommandAboned
1Dynfods iWelcty —Velocty Ermor
ihcceleration  —{Acoaleration EmorlD
iDecaleration _—{Decelertion EmarSting
200000 etk
—{Direction
—BufferMods
MC_Power D1 [
MC_Power_Festo
s Status|
Enable Valid
Ermor
ErmarlD
ErmorStiing
MC_Rese: D11
MC_Reset Festo
Shods Done
Execute Busy
Ermor
EmorlD
EmarSting
MC_Home_Festo_D1 B
MC_Home_Fests
“Hhois Dane
Execute Busy
—Posibon Active
—HomingMathod CommandAborted
Error
ErmorlD
ErmorSting
MC_ReadAcwalPostion_Fesio [
MC_ReadAcnialPosition_Fesm
£ s Valid
Enable Position|
Ermor
EmorlD
ErorStang

MC_Movetbsohte Y [10

MC_MoveAbsokite_Festo
s Dong|
Executa Busy
—ContinuousUpdate Actrve
Position CommandAboned
stDynfucs iWelocty —NWelciy Enrar]
ihcoeleration  —{Acoaleration EmorlD
iDecelemtion ——Deceleration EnorSting
200000 —lerk
—{Direction
—BufferMode
MC_Power 02 5]
MC_Power_Festo
s Status|
Enable Vali
Enrar]
ErmorlD
EnorSting
MC Reset D2 [0
MC_Reset Festo
Aot Done|
Execute Busy
Enrar]
EmorlD
EnorString
MC_Homs _Festo_D2 s
MC_Home_Fests
=hsis Dane
Execute Bus,
—Positon Acte
—|HomingMathod CommandAborted
Erar]
ErmorlD
EnorSting
MC_ReadActuzPosiion_Fasio_[T|
MC_ReadAcnalPosition_Fesm
s Valid
Enable Position
Enrar]
EmorlD
EmorStang
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/¢4 needed for axis Position, could be replaced by MC ReadActualPeosition

S /Hgantry Conversion Matrices
lrDrivel:={1/1rRadius)* {{-1"PositionX)}+(-1*Position¥)}:
1lrDriveZ:=(1/1rRadius)*{ (-1*PositionX)+(l*Position¥));

lrictPos¥:=(1lrRadius/2) * ({(-1*Dl.ActualPosition)+(-1*D2.ActualPosition));
1rActPosY:=(1rRadius/2)* ((-1*Dl.ActnalPosition)+ (l*D2.Actual Position) ) ;

S/ Calculation of distances by Axis {mm) and motor [rev)
1rDistX:=1rActPos¥-Position¥;
1rDistY:=1rActPosY-Positioni;

1rDistDl:=D1.ActualPosition-lrDrivel;
1rDistD2:=D2.ActualPosition-1rDrivesd;

S Calculation of the distance to be coversed [X,Y], (Pvthagoras)
lrDiztCart:=S0RT (EXPT (1lrDi=zt¥, 2)+EXPT (1rDi=t¥, 2) )

S/ Calculation of acceleration and deceleration times
1rTpshcc:=Velocity/Acceleration;
1rTpsDec:=Velocity/Deceleration;

/7 Calculation
1lrDisthcc:=0.5%Acceleration*EXPT (1xrTpskcc, 2) ;2

1rDistDec:=0.5"Deceleration*EXPT (1xTpsDec, 2) ;

- =71 = T = = =7 = N E. i~ - =
of acceleration and deceleration distances

S/ Determination of the Direction of Motion Angle

lringle:=ATAN (1rDist¥/1rDistX);

JSf X & Y axis projection

1rDisthccX:=5SIN(lringle) *1lrDisthcc;
1rDistDecK:=SIN(lrhngle) *1rDistDec:
1rDistRecY:=C0OS (lrAngle) *1rDisthcc;
1rDistDecY:=C0OS (1ringle) *1rDistDec;

A = - =l=wat - = = = - e el ==l amraf
/4 Conversion of Acceleration Distances and Engine Hotation Deceleration

1rDisthecDl:=ABS((l/1lrRadius) *{(1*1rDisthccX)+ (l*1lrDisthecY))):
1rDistDecDl:=ABS{(1/1lrRadius)* ({1*1rDistDecK)+({1*1rDisthecY)));
1rDisthccD2:=ABS({1l/1rRadins)* ({(l*1rDisthccE)+(-1*1rDistRccY) ) )
1rDistDecD2:=ABS ((1/1rRadius) * {{1*1rDistDecK)+ (-1*1rDistDec¥) ) ) ;

// Determination of Rotaticnal Acceleraticon and Decelesration/s?
Dynikxisl.lrRcceleration:=2*1rDisthccDl/ (lrTpshcc*lrTpshcc) ;
Dynhxisl.lrDeceleration:=2%1rDistDecDl/ (lrTpsDec*lrTpsDec):
Dynhxis2.lrAcceleration:=2%1rDisthecD2/ (lrTpshecc*lrTpshce);
Dynhxis2.lrDeceleration:=2%1rDistDecDZ/ (lrTpsDec*lrTpsDec):

/7 Determination of wvelocity, rev/s
Dynixisl.lrVelocity:=Dynhixisl.lrhAcceleration*lrTpshcc;
Dynhxis2.lrVelocity:=Dynhkxis2.lrAcceleration*lrTpshce;
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