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Flux coupled with Activate

2D Multiphysics Summary

This document describes Flux-Activate coupling on the example of an interior permanent magnet (IPM)
motor with a simple vector/field-oriented control system. The Activate model contains different levels of
fidelity of the electric machine based on results from either FluxMotor or Flux and the implementation of
these different methods with Activate is the highlight of this tutorial.

The first type of model is an analytical approach with the Park model (classical first approach based on
the Park/Clarke transformations into direct/quadrature directions for Vector/Field-Oriented Control).
This model is based on constant values for the parameters in the model (inductance, etc.) and provides
the lowest level of fidelity of these methods, but with fastest simulation speed.

The second modeling approach uses magneto-static look-up tables (LuT) calculated with finite element
Altair Flux or FluxMotor, which typically improves the accuracy compared to first method. Here there
are two different models - one based on FluxMotor with dependency on current (Id, Iq, direct and
quadrature currents, respectively), and one based on Flux (adding rotor angle as a third input to the
look-up table). Compared to using FluxMotor, by using Flux, we can add rotor-angle dependency to
capture more accurate torque ripple. The LuT models are both relatively fast compared to co-simulation
and have improved accuracy compared to the simplified analytical approach of the Park model.

The last modeling approach uses the highest level of accuracy via co-simulation between the finite
element software in transient mode and Activate. The case of co-simulation depending on the type of
the kinematics, there are two cases: with coupled load and multiphysics position. While this is the most
accurate method, it also is the most expensive computationally and may take much longer to simulate
compared to the LuT or Park models above.

A comparative study has been made to show what are the advantages/disadvantages of each method.

Keywords
Applications Flux main functions Post-processed quantities
e Magneto Static e Rotating motion, Mechanical set e Magnetic quantities
e Transient Magnetic e Kin. = multi-static, coupled load and e Kinematic quantities,
multiphysics position Circuit quantities
e Generate tables e Spectral analysis, Back
e Generate Activate coupled component electromotive force (bemf)

for co-simulation

e Sensor: magnet losses. To create the
sensor from: Parameter/Quantity >
Sensor > Magnet losses > Losses
by Joule effect on face regions.
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Altair Flux™ - 2D Example Summary: Flux coupled with Activate

Flux coupled with Activate p.2

Studied device

The studied device, a brushless AC permanent magnet synchronous machine (PMSM, particularly

an interior permanent magnet machine, IPM) presented in the figure below, includes the following
elements:

e a fixed part (stator) including yoke, slots, and windings
e an air gap
e a movable part (rotor) with embedded magnets

A section of the model of the studied device is presented in the figure below.

In practice
Open example = Open Flux + Run the pyFlux command file

e Recommended memory configuration (standard): 1000 MiB Numerical + 50 MiB Character + 300
MiB GUI

e Computation time: 7 min < t < 4h [64 bit - 16 GB RAM - 2.2 GHz]
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Altair Flux™ - 2D Example Summary: Flux coupled with Activate p.3

Application of the method into a
complex model: vector control of a
PMSM

In a first step we have implemented a vector command of permanent magnet synchronous motor
(PMSM) via an analytical Park model into Activate, in a second step we have implemented two types of
look-up table methods, and finally we have used the full co-simulation with Flux.
The system set could be decomposed in four parts:

1. The target, or desired, speed command

2. The speed controller (vector/field-oriented control)

3. The current controller (vector/field-oriented control)

4. The PMSM (magnetic and mechanical part)

Speed Command

The regulation is done with regulation over the speed of the machine. So, the target speed command is
provided as input to the control system.

Figure 1: Speed command

The Speed and Current Controllers

The overall aim of the regulation is to produce applied voltages to the PMSM in order to set close to
zero the error between target speed and actual speed. This regulation is done with two PI controllers in
cascade (speed controller provides desired current to current controller, which provides input voltages
to PMSM in phases A, B, C, converted by Park/Clarke transformation from the vector control in the
direct (d) and quadrature (q) frame). Actual speed and actual current are measured and provided for
feedback control to the speed and current PI controllers, respectively.
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Application of the method into a complex model: vector control of a PMSM

p.4

The PMSM model

As we have seen above, we will apply phase voltages from the control system to a magnet synchronous
machine modeled with three different methods: analytical (Park), magnetostatic look-up table, and Flux

co-simulation.

We will compare those three methods with the following characteristics:

Elaboration time to set the complete model
Simulation time

e Accuracy

Characteristics:
Geometry:
o 8 POLES
o 48slots
o Rotor radius=92mm
o  Staftor radius=141mm
o Depth=75mm

O
O

FElectric characteristics:
Power supply: DC source 550V

Peak power rating: 50 kW at
1200-1500 rpm

Figure 2: Flux model

Vector Control of a Permanent Magnet Synchronous Machine
E-Motor Modeled by Park Equations, Look-up Tables, or Flux Co-simulation

—

Speed Command {pm)

Rotational Speed
frad/sec RPM|

Speed Cortroller

Current Controller

Electric Motor - Equgation vs. Look-up Tables vs. Co-simulation (Flux)
Choose the modeling fidelity of the electric motor by setting the variable "motor_type” in the Mdel Context
(1=equations; 2 = look-up table; 4 = Co-sim (Mulitphysics position Flux); 5 = Co-sim (Coupleff Load Flux)

Q—-
Q_.

T

Tnese superabcks mustremal hacthe. The Mclide Bhck 00w will selectMe deslmd emokrmodel

Dbased on 2 \@nizbke setoyMme user i Me Model Context.

Elactic Maching - P

Figure 3: Illustration of the Activate model

Proprietary Information of Altair Engineering

m ics Foalicn ical SafElechic Maching - Fiux Cosim Coupled Load Mechanical Sat

J\ ALTAIR



Altair Flux™ - 2D Example Summary: Flux coupled with Activate
Application of the method into a complex model: vector control of a PMSM p.5

To select the type of modeling fidelity of the PMSM, you need to follow the steps below:
Click on the Model Context button:

File Edit View Tools

Simulate

Model - PMSM_Actlvate_FluxMotor_Flux_emotor_md®Rglipg_comparison_v3 ::::

Initialization . Finalization = Properties = Stafistics

(=8| m->23

MSM) + field-oriented control system
ling fidelity: Linear Equations vs. Look-up tables vs co-simulation

syst.

Select electric motor modeling method

< B
oK | cancel

Modify the variable motor_type to select the modeling fidelity of the PMSM (=1, 2. Etc) - see the
comments in this model which details this). This variable is used by the e-motor superblock in the
Activate model to select the motor modeling fidelity. In particular, the variable is used by an Include
Block in Activate, which selects the existing deactivated superblock which contains the e-motor
modeling desired. The superblock is selected, it is automatically activated for the simulation. These
models are “white box” models - you may open them and review and potentially customize them to
your own needs and can add other models as desired.
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Altair Flux™ - 2D Example Summary: Flux coupled with Activate p.6

Example 1: Analytic approaches (Park
equation model)

In this case, Activate contains a model of the PMSM based on a set of equations, in this case, the Park
model of the motor is implemented, which is given by the equations below:

Electrical equations: Magmetic equations:
dur,
V,=R*I+—~L-0%y, Wo=1,*1,
dt !
dur
I"_.~=R,*I,¢—T—m*u__. Wy =13 " Ly +Wpy
() '] E -

Magnetic Torgue:

l__3

2

p*w st —w, ¥ )

Ld, Lg and Phi_PM are calculated using The value of the Park model are given in the table below:

Parameters Value
P (pole pair number) 4
Ld (direct axis inductance) 2.11e-3
Lg (quadrature axis inductance) 8.98 e-3
R (phase resistance) 0.088
Phi_M (magnet flux) 0.366

To get these values, in the first the magnet flux (Phi_M) form the no load test you compute the flux in
one phase and you see the maximum value. For inductance in dq axis, you need to open the case5 of
IPM motor from Flux supervisor example, you compute the value of Lq for 30 degree position and zero
current, for the Ld you compute the value of 52.5 degree position and zero current.

The Park model is easy to use and the simulation is quick, however the accuracy could be low since the
motor parameters are simplified to be constant values, which may only be accurate for an operating
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Example 1: Analytic approaches (Park equation model) p.7

point and small deviations. The motor model can be improved by adding parameter dependency on
other variables in the system via look-up tables. This will be shown in the next example.

PMSM_Actlvate_Flux_emotor_modeling_comparison_v3/Motortorque Nm  :::iiiiiiiriinnnonninnnoinnoinn @X

Motor Torque
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Figure 4: Torque VS time

PMSM_Actlvate_Flux_emotor_modeling_comparison_v3/Motor speedr.. :@:: O x
E-Motor Speed - Desired vs .Actual

Desired speed (rpm)
Actual Speed (rpm)
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Figure 5: Speed VS time
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Altair Flux™ - 2D Example Summary: Flux coupled with Activate p.8

Example 2: Reduced-order model, type
1: Look-up table models extracted
from finite element model (FluxMotor)

The aim of this method is to build an accurate reduced model (based on Finite Element model) of the
IPM motor: accuracy and quick simulation with Activate are the biggest advantages of the methodology.
The electrical machine behavior is represented by look-up tables for flux linkage and inductance in

the direct/quadrature frame, and torque (all which are dependent on current in dq axis Id, Iq) and

are calculated with finite element method in FluxMotor and post-processed with a Compose script to
generate the static inductances, Ld, Lq. The method in FluxMotor is quasi-static and so does not capture
the effects of transient behavior like eddy currents.

We calculate with FluxMotor the response surface of flux and torque with finite element method

- this is accomplished using the options in Test > Characterization > Model, and selecting
appropriate options to export the desired results (see FluxMotor documentation for more details:
http://fluxmotordoc.altair.com/helponlines/search). Note that the inductances Ld, and Lg from
FluxMotor from this test are dynamic - they show the variation in flux linkage per change in

current. However, the Activate LUT model uses a “static” inductance, defined as the total flux

linkage divided by the total current. In order to compute the static Ld and Lq, the Compose script
compute emotor LuT data from FluxMotor.oml may be used to help accomplish this step. Please see
the documentation in FluxMotor for more details. The surfaces will be used as look-up tables in Activate.

-Torque= f(1d, 1g)
-Ld (static)=f (Id, 1q)
-Lq (static)=f (Id, 1q)
-Phid = f (Id, 1g)
-Phiq =f (Id, 1Ig)

flux, inductance, &
torque look-up
tables

FE method
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Example 2: Reduced-order model, type 1: Look-up table models extracted from finite p.9
element model (FluxMotor)

Meotortorque Wm DIiiiiIIIIIIIIIIIIIIIIIIIIIIIIIIIIInni 8 x
Motor Torque

Maotor torgue M-m3
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Figure 6: Torque VS time

Motorspeed rpm ©DiiiIIiIIIIIIIIIIIIIIIIIIIIIIInIIInn O x
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Figure 7: Speed VS time
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Altair Flux™ - 2D Example Summary: Flux coupled with Activate p.10

Example 3: Reduced-order model, type
2: Look-up table models extracted
from finite element model (Flux2D)

The aim of this method is to build an accurate reduced model (based on Finite Element model) of the
IPM motor: accuracy and quick simulation with Activate are the biggest advantages of the methodology.
The electrical machine behavior is represented by look-up tables for flux linkage for each phase and
torque (dependent on current in dq axis Id, Iq, and rotor angle, 8) which are calculated with finite
element method. By using Altair Flux, we can add rotor-angle dependency to capture more accurate
torque ripple compared to the method with Altair FluxMotor which does not have the dependency. Like
FluxMotor, the method is quasi-static and so does not capture the effects of transient behavior like eddy
currents.

In a first time we calculate with Altair Flux software the response surface of flux linkage and torque with
finite element method. In a first approximation, the variation parameters are the direct, quadrature
current and position. These surfaces will be used as look-up tables in Activate.

e Torque= f (Id, Iq, 6)

e Flux_A= f (Id, Iq, 6)

e Flux_B= f (Id, Iq, 6)

e Flux_C=f (Id, Iq, 6)
To generate these tables, the user needs to use the macro:
CreateLookUpTableFromTMProjectDQLight.PFM. This macro intends to create look up table of flux

abc and torque versus Id, Iq and rotor position. The attached document Create Lookup Table Case
3.pdf in the folder case3 gives more details on how to use the macro to generate the lookup tables.

The LuT models are both relatively fast compared to co-simulation and have improved accuracy
compared to the simplified analytical approach of the Park model. The co-simulation method improves
on accuracy by capturing transient behavior (eddy currents) but at expense of simulation speed - this
will be discussed next.

FE method flux & torque look-
up tables

J\ ALTAIR

Proprietary Information of Altair Engineering



Altair Flux™ - 2D Example Summary: Flux coupled with Activate
Example 3: Reduced-order model, type 2: Look-up table models extracted from finite p.11
element model (Flux2D)

To use these tables, the user needs to run the script: emotor type 3 LuT Prius like 2004.oml. This
script generates a mat file that we used in Activate model.

WELETUETE[E 0 25555505052 00000ARRa0005E052C8500A8025A00CAREAARRAREE20E52508 8 x
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Figure 8: Torque VS time
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Figure 9: Speed VS time
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Altair Flux™ - 2D Example Summary: Flux coupled with Activate p.12

Example 4: Co-simulation with
multiphysics position kinematics

Altair Activate and Flux support coupling via co-simulation to run directly a transient (dynamic) analysis
in Flux. This kind of simulation is much slower than the prior two methods but is more accurate as

it takes into account eddy current in solid iron conductors. For co-simulation with Activate, the Flux
kinematic set must be set to either "multiphysics position” or “coupled load” as the electric circuit is
driven by voltage sources, the values of which determined by the drive system in the Activate model .
The voltage sources induce a current in the electric circuit and create the torque which drives the
mechanical behavior.

In addition, the value of the initial position of the rotor angle must be determined - this is used by the
field-oriented controller to align the direct (d) axis to the phase A peak magnetic axis. To get the initial
rotor position you can use the macro Find_Rotor_Angle_2D.PFM. This macro calculates the rotor
angle for t=0s in order to align it with the magnetic induction generated in the airgap by a reference
phase (e.g., phase A). To accomplish this goal, it demands as inputs the number of pole pairs of the
device, the current source associated which each phase (the first one becomes the reference phase),
the rotor mechanical set and the stator mechanical set. The output of this macro is a new variable
called POS_INI. This parameter will be used in the mechanical set rotor.

.{25 Find_Roctor_Angle_2D ‘ dE-l

Number of pole pairs *
4

Select the current sources corresponding to the s...
I_1
I_2
I_3

Rotor mechanical set*
|ROTOR

Stator mechanical set*
| STATOR

‘ ‘_};] | oK | I Cancel b

Figure 10: Interface of Find_Rotor_Angle_2D macro

In this example, the type of kinematics in the mechanical set rotor is multiphysics position. In this case,
the mechanical modeling is defined in the Activate model, and the Activate model provides the position
of the moving part (rotor angle) to Flux as an input. This allows the potential to model the mechanic
driveline in Activate and take advantage of modeling capabilities for more sophisticated systems.
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Example 4: Co-simulation with multiphysics position kinematics

p.13

r Type of ical set

[Rotation around one axis 'I
Avis | Kinematics |,

[ Rotation Axis il

H Rotation around one axis parallel to Oz 'H

Coordinate system *
Xv1 ~|[M

Formula or Value

[ Pivot point

First coordinate
Second coordinate

EEl

Mechanical set sub-system
[MECHANICAL_SYSTEM_1 ~]

[E ok ][ appy [[ conca [[ @ ] |

20 Edit Mechanical

Mechanical set name *

ROTOR

Comment

r Type of ical set

[Rolzmon around one axis

Axs " Kinematics |

Type of
‘ ic Position A l
General | Internal '\ External \
Initial position (deg) *
525 [10]

Velocity at time t = 0. (rpm) *

[Pos_inrf

o]

Mechanical set sub-system

[MECHANICAL_SYSTEM_1

[ o ][ appy ]|

Coupling component:

e Input parameters:

2o Edit Physical para

Entities Modify al VI_IN V2_IN V3_IN
= {3 Physical parameter
@ NAME * VLN V2_IN V3_IN
@ Comment Initial values
= & Sub types Initial values Parameter for multi...| Parameter for multi...| Parameter for mulfi...

= {3 Parameter for multiphysical applicatior

Parameter for multi...| Parameter for muiti..

.| Parameter for mulfi...

{® Reference value * Initial values

0.0 0.0

0.0

[ ok |[ appy cancel ||| ®

The type of these parameters is parameter for multiphysical application.

e Qutput parameters:

—— ———
%B Edit Physical parameter[PHASE_CURRENT_l.PHASE_CURRI&\IT_Q,P‘HPSE_CURRENT_S]

=)

Entities Modify all PHASE_CURRENT_1 |PHASE_CURRENT_2 |PHASE_CURRENT_3
= @ Physical parameter
@ NAME * PHASE_CURRENT_1 |PHASE_CURRENT_2 |PHASE_CURRENT_3
@ Comment Initial values
= (D Sub types Initial values Parameter defined by...| Parameter defined by ..|Parameter defined by...
= (@ Parameter defined by a formula F defined by...|P: defined by ... F defined by...
@ Formula * Initial values I(C_1) 1(C_2) 1(C_3)

oK Apply cancel ||| @
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Example 4: Co-simulation with multiphysics position kinematics

p.14

>p Edit Physical m

Entities Modify all SPEED_RPM TORQUE
= & Physical parameter
@ NAME * SPEED_RPM TORQUE
& Comment Initial values
= & Sub types Initial values Parameter defined by a for... | Parameter defined by a for...
= {3 Parameter defined by a formula Parameter defined by a for... | Parameter defined by a for...
@ Formula * Initial values AngSpeed(ROTOR)*60/360 | TorqueElecMag(ROTOR)
[ o ] apy | concel [[ &

For the output parameters the type is parameter defined by formula.

The electrical circuit is defined as:

h

B
o = =/
(B

It is composed: Voltage source, Coil conductor and Inductance

In the voltage sources we put the input parameter (V1_IN, V2_IN and V3_IN).

Generate component (Solving > Generate component for Activate coupling) for Activate coupling

in the same working directory.

3 Generate component for Actvate oo . S|
20 Generate component for Activate coupling —

Component name *

|connemor_componenﬂ

Overwrite component if exist
® yes
' no

Directory to save component

| Cased

V2_IN

V3_IN

Component output

| I

| [TORQUE

Component input
ANGPOS ROTOR
V1_IN

B

|| cncel ||| ® |

MName |

Waorking directory
e ™
Inputs of the component:
Zeometric parameters
|/ O parameters (scenario)
. W,

Outputs of the component
Zeometric parameters
| /O parameters (formula)
Sensors
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Example 4: Co-simulation with multiphysics position kinematics

p.15

Once the coupling component is created, we load it in Activate.

See Model Context which sets the motor_type variable to seledct the modeling fidleity in the Include Block

Include
Diaaram

iy

B> I

Torque lomd Wiawar Vol Very

Row e

)

Ao cpeed

e

MwEnwg

These in inactive. The
based ona riable set bythe userin the Model Context

N
—

[
i
—

iﬁ
-
l_
N
lt
-
7T
L0

Pk Equmars. Lodkeup Tabies.

Siecwic Machne - Fhax Comm Coupled Losd Mechencal Set

Double click to edit

the block

Note:in thi pl Fluxis set
This means hatAchiate must prowide the positon of e moving
© Flux And,

part 3= seen here with Modlica componens.

block [FE——

i)

Reload component
Multplexed inputs/outputs

Number of input ports s
Inputs

'ANGPOS_ROTOR'
VN
V2N
VN

Humber of output ports N
Outputs

m
2
=
TORQUE'

Zeply

i@ x
Load the coupling
— component
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Example 4: Co-simulation with multiphysics position kinematics p.16
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Figure 11: Torque VS time
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Figure 12: Speed VS time
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Altair Flux™ - 2D Example Summary: Flux coupled with Activate p.17

Example 5: Co-simulation with coupled
load kinematics

Activate and Flux support coupling via co-simulation to run directly a transient (dynamic) analysis in
Flux. This kind of simulation is much slower than the prior two methods but is more accurate as it takes
into account eddy current in solid iron conductors. For co-simulation with Activate, the Flux kinematic
set must be set to either “multiphysics position” or “coupled load” as the electric circuit is driven by
voltage sources, the values of which determined by the drive system in the Activate model.

In addition, the value of the initial position of the rotor angle must be determined - this is used by the
field-oriented controller to align the direct (d) axis to the phase A peak magnetic axis. In addition, the
value of the initial position of the rotor angle must be determined - this is used by the field-oriented
controller to align the direct (d) axis to the phase A peak magnetic axis. To get the initial rotor position
you can use the macro Find_Rotor_Angle_2D.PFM. This macro calculates the rotor angle for t=0s in
order to align it with the magnetic induction generated in the airgap by a reference phase (e.g., phase
A). To accomplish this goal, it demands as inputs the number of pole pairs of the device, the current
source associated which each phase (the first one becomes the reference phase), the rotor mechanical
set and the stator mechanical set. The output of this macro is a new variable called POS_INI. This
parameter will be used in the mechanical set rotor.

‘{;5 Find_Rotor_AngLeﬁ[l %

Number of pole pairs *
4

Select the current sources corresponding to the s...
I_1
I_2
I_3

Rotor mechanical set *
|ROTOR

Stator mechanical set*
| STATOR

1,_);] | oK | ‘ Cancel J| ’ i

Figure 13: Interface of Find_Rotor_Angle_2D macro

In this case, the type of kinematics in the mechanical set rotor is coupled load. Here, the mechanical
modeling is defined in the Flux model, rather than in the Activate model as in the prior example for
kinematic set = multiphysics position.

From the example 4, we modify the mechanical set and create again a new coupling component.
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Example 5: Co-simulation with coupled load kinematics

2o Edit Mechanical set[ROTOR

—
Multiphysic Position 4

[Roton sroungone s parateroo: <]
< oneg®
T 1

Poswt g

2o Edit Mechanical setfROTOR

——

/ !
Coupled load =
—

Inertia, friction coefficients and spring -
0

8o 0000000000 |n
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Example 5: Co-simulation with coupled load kinematics

p.19

Coupling component:
e Input parameters:

2o Edit Physical parameter[V1 IN,V2_IN,V3
Entities Modify all V1_IN V2_IN V3_IN
= @ Physical parameter
@ NAME * VI_IN V2_IN V3_IN
@ Comment Initial values
= & Sub types Initial values Parameter for mulfi...| Parameter for multi... Parameter for multi...
= {3 Parameter for multiphysical applicatior Parameter for multi...| Parameter for multi... Parameter for multi...
@ Reference value * Initial values 0.0 0.0 0.0

(A ok [ apy [ cancel [ ®

The type of these parameters is parameter for multiphysical application.

e Qutput parameters:

k@; Edit Physical parameter[i’HASE_CURRENT_l,PHASE_CURRI&lT _Q,PFM\SE_CURRIENT_3]~ b un
Entities Modify al PHASE_CURRENT_1 |PHASE_CURRENT_2 |PHASE_CURRENT_3
= (@ Physical parameter
@ NAME * PHASE_CURRENT_1 |PHASE_CURRENT_2 |PHASE_CURRENT_3
@ Comment Initial values
= & Sub types Initial values Parameter defined by...| Parameter defined by ..]Parameter defined by...
= (@ Parameter defined by a formula Parameter defined by...  Parameter defined by ../ Parameter defined by...
@ Formula * Initial values 1(C_1) 1(C_2) 1(C_3)
Aok ] _semy || concel || ® |
>p Edit Physical meter[SPEED_RPM,TO!
Entities Modify all SPEED_RPM TORQUE
= {3 Physical parameter
@ NAME * SPEED_RPM TORQUE
& Comment Initial values
= & Sub types Initial values Parameter defined by a for...| Parameter defined by a for...
= {3 Parameter defined by a formula Parameter defined by a for...| Parameter defined by a for...
@ Formula * Initial values AngSpeed(ROTOR)*60/360 | TorqueElecMag(ROTOR)
ok || Apply cancel ||| ®

For the output parameters the type is parameter defined by formula.

The electrical circuit is defined as:

@D n@ nﬂ[‘\ﬂ
e (D= = Al
o

It is composed: Voltage source, Coil conductor and Inductance

In the voltage sources we put the input parameter (V1_IN, V2_IN and V3_IN).

Generate component (Solving > Generate component for Activate coupling) for Activate coupling

in the same working directory.
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Altair Flux™ - 2D Example Summary: Flux coupled with Activate
Example 5: Co-simulation with coupled load kinematics p.20

zB Generate compone

Component name * Mame
I coupling_component

Overwrite component if exist

@ yes

J no

Directory to save component
[Cases r )

Component input Waorking directory
V1IN \

V2_IN
V3_IN (" A

Inputs of the component:
zeometric parameters
| / O parameters (scenario)

.

Component output

POS DEG
SPEED_RPM
1
12
3
TORQUE

Outputs of the component
zeometric parameters
|/ O parameters (formula)
Sensors

Once the coupling component is created, we load it in Activate.

See Model Context which sets the motor_type variable to seledct the modeling fidleity in the Include Block

B =,

) Ronr spesd
3 Edude

>— 3] 2

Tormelosd Veryg Fasy

— o

i@

in inache. The
based ona ariable set bythe userin the Model Context

-
_

Pk s T T Siacxic Mo - Plix Gz VS =ies Poton Waharics

Double click to edit
the block

L

,_
LI
[
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Altair Flux™ - 2D Example Summary: Flux coupled with Activate
Example 5: Co-simulation with coupled load kinematics

p.21

525

Initial angle of rotor
Angle should align direct(d) axis for Field Oriented Control with A-phase flux linksge vector

This should be equal to the initial angle set for the Mechanical Set in the Flux model Rotation
.

degrees  radians
Note:in this example, Mechanical setin Flux is setto "Coupled Load” Relative Angular Position (deg) LEseEa
Flux computes the mechanical equations.
POS._| Rotational Speed CEEETEEr
| > Lo V1N RPM rad/sec|
- SPEED_ Motor speed scope:
Double click on the
.” Motor speed
2 IN -]
- Current 1
block = o
- J
3 " -l «_Speed_RPM_cosi _Speed_RPM_cosim_CL.csv
Ve TORQUEM
Cunent 3
[
Torque Load - Not used - Defined in Flux Motor torque
4-lww_mue_um cdsotor_torque_Nm_cosim_CL csv
a ™
D et e e e et et et e et et e et ettt e e e e T S e et =t A ke R

Parameters' Advanced

Flux to Activate input filename

Reload inputfile

[ ] Multiplexed inputs/outputs
Number of input ports 3

Inputs

VI_IN'
'VZ2_IN'
"V3_IN'

Number of output ports 6

Qutputs

'POS_DEG'
'SPEED_RPM'
Nt

2

3

I 'activate_coupling_coupled_load F2STA' g

Reload

Load the coupling
component

Label

B

Label A

Minimal input variation (%) to run Flux computations 0

Maximum computation interval 0.0
Qutput extrapolation order 0 E{
Subsampling (Reduced result storage) 1

Add a one-step delay

Apply QK Qancé.lm
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Example 5: Co-simulation with coupled load kinematics p.22

M e e e R e e e R e EE R R EEE EEE 0 x

Motor Torque
100

Motor torque M-miM

80

60

40-

20

04

-204

404

-60+

00 01 02 03 0.4
time (s)

Figure 14: Torque VS time

Motorspeedrpm el B4
E-Motor Speed - Desired vs .Actual

Desired speed (rpm)
Actual Speed (rpm)

100+ P
80
60
40+
20
0

-20 T T
0.0 01 02 0.3 0.4

time (s}

120

Figure 15: Speed VS time
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