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X2C
What is X2C?

* Rapid control prototyping system
* Model based design
* Code generator for C

* Real-time control on microprocessors
* Support of many various DSP/DSC families

@ "
* Microchip dsPIC, PIC32 pa
* Texas Instruments C28xx, Tiva ) |
[} ——li s
* STMicroelectronics ARMv6, ARMv7 ' |
* Infineon XMC4xxx u,{»I_

* Available for Matlab/Simulink and
Scilab/Xcos
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X2C

Structure

PC

(Xcos/Simulink)

Application

Connected | Enor type: 0x0 - no emor | Emor |D: 0xd | CPU load: WA

Target
(ANSI C)

Frame program
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X2C

Code Generation & Simulation

* Simulation of target code in Simulink or Xcos

* One model for simulation and code generation
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X2C

Filter FFT Generic Second Order
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X2C
Monitoring/Debugging

Block Output

LED off

Block Input

Outport

Global variable +\
Hardware address+\

Gpio_33

ﬂ Scope - X2C Development Edition — m} X
File Data
1,0
0,9
— #1! Sin3Genu

#2: Outport:LDZ2

#3! AutoSwitch:Switch
#4: Inport:Adc_A0

#6: Variable: CPU_Load
#8! Address: 0xB01

175 200 225

250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675

Delay [%]:

t [ms]
Sample/Timing Info Channel Configuration
Enable Visible  Color Source Configuration Gain Offset  Integer
R adonl:l 2 = |- v\ Type: |Block port | Blacki |Sin3Gen v | Port: O
i oo Jus B B M~ Tpe|vopot | Type |ouport v| por: [LD2 | O

Total time: E & B~ Type|Blockport v|Block |AutoSwitch v | Porti |Switch | O
Trigger Configuration [ %] | "‘ TFPE|VDP°'1 V|TYPE ||"‘P°"l V| Port: |Adc_AI] "| O
Mode: O ™ E. Type: | Block port. Block: | Amplitude . Port: - O
Source Config = -

B B | v Type|variale v Name |CPU_Load v| Type: [ v| [3s10 | oo | O

T, Blockport v Block SinGen | Port:

O ™ E. Type: | Block port. Block: | Amplitude . Port: - I
Bdge:  [RISING v — T o |- v\ Type: |Address | Address (hex): |b01 | Type: |intts | O
Level: [ Integer mode
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X2C Workflow

Start. Motor Project as Basis

O QPIaceholdere Expert Mode < MotorDemo_2024-09-18 a . >

- @ ProjectName :
Motor Interior
N Geometry :
Geometry PMSM Interior
‘g5 | PMSM :
> " | PMSM FEMM ' ‘
lS mulation & I
Optiona Parameter

List of Component parameters
Parameter Description Info

Flag whether the simulation of the
SimulationSettings.EnableSimulation ~ motor control model should be possi-  input

N #= 9

‘ Component v1.0.8799 documentation » MotorControl X2C

MotorControl X2C

This component is the base component for creating an
X2C control model for a PMSM project

ble.
SimulationSettings. ExecuteSimulation ::l:?lg LA UL LD input
SimulationSettings. SimulationTime Model simulation stop time. input
- ] Flag whether generated X2C code .
CodeSettings CompileCode should be compiled. input
CodeSetlings. DownloadCode Flag whether compiled X2C code o

should be downloaded to target.

ModelFile JSON file with information about the output
structure of the motor control model

User set properties of motor control
model.
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X2C Workflow

X2C MotorControl Main Component

'L?' Q Plac eholdele Expert Mode

@ ProjectName :
Motor Interior

Geometry
Geometry PMSI Interior

e

'PMSM :
> ‘-' | PMSM FEMM ‘

1B MotorControl_X2C
X2C Motor Control

X2C Inverter
X2C Controller
lOptional |

'Simulation|
lOptionaI|

< MotorDemo_2024-09-18 B ® » : R = 9 /
'l':l'.m MotorControl X2C v
Parameters Filter
~
> @ SimulationSettings SimulationSettings @ A e Input
Flag whether the simulation of the motor control m e Results
SimulationSettings EnableSim true G}J Z
uiation @ Editaple
Flag whether simulation should be run.
Simulation Settings .ExecuteSi true G}J Z
mulation
Model simulation stop time.
SimulationSettings. Simulation 10 5 @ @A
Time
> @ CodeSettings CodeSettings G,) Z
Flag whether generated X2C code should be comg
CodeSettings CompileCode true @ =
Flag whether compiled X2C code should be downl
CodeSettings. DownloadCode (e @ A
W

Science becomes reality I = m

LINZ
CENTER OF
MECHATRONICS



X2C Workflow

X2C Inverter Component - Selection

'Lt"' QPlaceholdele Expert Mode < MotorDemo_2024-09-18 a . 4 : t\""" I @

0 M
o @ PFGJECtNEITIE E Wizard Free Search
Motor Interior
Search
5 Geometry
Geometry PMSM Interior

2= | PMSM
» | ‘-' | PMSM FEMM

&) MotorControl_X2C : ‘

‘ LCM-ECU-10HB-10A-80V LCM-ECU-4HB-100A-75V Microchip MCLV-2

=3

#2C Motor Control

Semikron SKAI 2 HV

I lX2C Inverter & I y 1.1
'X2C Controller] +
'Optional|

'Simulation|
'Dptional|
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X2C Workflow

X2C Inverter Component - Configuration

R

ProjectName :

| Motor Interior ‘ ﬂ Inverter_X2C v
Geometry :
Geometry PMSM Interior Parameters

it
©
N,

l:" QPIaceholdele Expert Mode < MotorDemo_2024-09-18 % ] . >

' PMSM . Reset output files ()
H ResetFromTemplate ¥ P
" | PMSM FEMM ‘ @ s REZ
Automatically link fields to imports
o 1B MotorControl_X2C H @ auto_link_imports true () A
18T x2C Motor Control
Set log level (DEBUG, INFO, WARNING, ERROR, CRI'
o Inverter_X2C : @ log_level  'WARNING' VBB
Texas Instruments BOOSTXL
Ratio between sample frequency and PWM frequency
lOptiona|| CONTROL_TASK_FREQUEN 10 @ E
CY_DIVIDER
X2C Controller PWM frequency of power stage [Hz]
PWM_FREQUENCY 20000.0 Hz @ E
Optional
lI| FPulses per revolution of the encoder - zero for digital h:
N ENCODER 40000 ppr V@&
'Slmulatlon|
Maximum allowed motor current [Apeak]
'Op[iona|| MAX_CUR_MOTOR_SHORT 17.0 Apeak G,) |2
Flag to enable extended CAN messages A
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X2C Workflow
X2C Controller Component

O @ Pacenoicer@®  Expert Mode < MotorDemo 2024-09-18 B@® » : R = 9
N . Wizard Free Search
- | ProjectName : ‘
Motar Interior
Search v
N Geometry
Geometry PMSM Interior

=T . 1T N

‘ Speed Controller X2C Torque Controller X2C

‘=  PMSM
> | ‘-' | PMSM FEMM

B MotorControl_X2C : ‘

X2C Motor Control

Inverter_X2C :
Texas Instruments BOOSTXL

lX2C Controller = I
'Optional|
'Simulalion|
'Optional|
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X2C Workflow

X2C ModelParameter Component

~

l.?‘ QPIacehoIdele Expert Mode < MotorDemo_2024-09-18 a . >

. p
- @ ProjectName : Wizard Free Search
Motor Interior

Search Y
> Geometry
Geometry PMSM Interior
PMSM LinearModel X2C PMSM NonLinearModel

g | PMSM :
> |4.' | PMISM FEMM ‘ BEE rer X2C RBF
>. 1.0

0.1

+ -

RN = 9

&)= MotorControl_X2C :
X2C Motor Control

N Inverter X2C
Texas Instruments BOOSTXL

ew

TE] speed Controller X2C

o |m8peed00ntroller_x20 : ‘

TorqueController_X2C :
Torgue Controller X2C

I lX2C ModelParameter é I

fPMsM MotorLUT]
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X2C Workflow
PMSM MotorLUT Component (optional)

M

ProjeciName < MotorDemo_2024-09-18 B@®» : R = 9
Maotor Interior ’ ‘

Wizard Free Search
Geometry :
Geometry PMSM Interior

Search

Y

" 'PMSM :

| PMSM FEMM

PMSM MotorLUT Flux2D PMSM MotorLUT Flux3D
o G MotorControl_X2C . . RBF . . RBF

X2C Motor Control e E=rAsk

s Inverter X2C :
Texas Instruments BOOSTXL PMSM MotorL UT MTPA
A2 SpeedController_X2C 3 s [ RO
T=T Speed Controller X2C — 1.0 +

v TorqueController_X2C :
Torque Controller X2C

&) LinearModel_X2C_RBF :
PMSM LinearModel X2C RBF

'Optional |

I lPMSM MotorLUT é:l
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Execution
Automatized X2C

Command Window

PY H H : . [INFO] Creating simmlink model... LY
Regenerate / Run SImUIatlon Command trlggers [INFO] Position control subsystem not available!
* Assembly of X2C control algorithm in Matlab/Simulink [IHFO] Creating Spesdieference blocks. ..
Ho 'Model' object found in '"Analyze' block
* Simulation of control loop in Simulink No 'Model' object found in 'Analyze' block
Ho 'Model' object found in '"Analyze' block
* X2C code generation No 'Model' object found in 'Analyze' block
. . [INFCO] Creating blocks needed for X2C outports...
® Comp||at|0n Of COde Ho 'Model' obkject found in '"Analyze' klock
i . Ho 'Model' object found in 'REnalyze' block
* Download of compiled code to inverter No 'Model' object found in 'Bnalyze' block

Ho 'Model' obkject found in '"Analyze' klock
[INFC] Simulink model created!

[INFC] Bunning simulation...

[INFC] Simulation finished!

[INFCO] Creating C-Code...

&
<

CC5 headless build complete! 0 out of 1 projects have errors.
[INFC] Fetching binary application file to download...SUCCESS
[INFC] Checking port COM4 for target TM4C123GH6E...FAILED
[INFC] Checking port COMe for target TM4C123GH&E. . .FOUND
[INFCO] Downloading application to target...DOMNE
[INFCO] Starting X2C Communicator...DOHE

fe s> | v
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Results

Control Model

AngleAndSpesdEncoder

TorgueControl_Linear

pETC T

Motorvollage

—a

MotarCurren

Anglesensar
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Results
Simulation in Simulink vs Measurement with X2C (Speed)

4. MotorSpeed — O Y 3 Scope - X2C Development Edition
File Data Plot

File Toocls View Simulation Help k.

G- 40P ® |- A-E-F| &

1200

W BB B A B B P

700 -
a0 o
4

500

1.000 ___—_"__—*" —_—

#7: SpeedError:Plus
— #8; SpeedError:Minus

50 100 150 200 250 200 250 400 450 500 550 ao0 G50
t [ms]

Ready Sample based |Offset=0 |T=0.700
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X2C Results

Simulation in Simulink vs Measurement with X2C (Current)

4. MotorCurrent — O A xac] Scope - ¥2C Development Edition — O w

File Tools View Simulation Help

G- 0P ®| - A - F| S

M'h,w'f it J it m o) Mh 'r% i

mWUni 1”;% n'n‘ll'b F'ul. '*iL' m’ "Hl. Wa I"

0.5 ,/ T e
i \'1'#'.1".

Ready Sample based Offset=0 |T=0.700
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Summary
Benefits

* Full motor development workflow
* Motor design, simulation and optimization
* Motor control design
* Code generation & compilation
* Motor commissioning

* Motor control simulation

* Inverter is selectable and configurable

* No to little motor control design skills required
* No programming skills required
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Summary
Outlook

* Finalizing & testing of non-linear motor models & controller

* Support of position control algorithm

* Support of sensorless speed control algorithm

* Support of motor optimization in respect to motor control simulation result(s)

q q : LINZ
Science becomes reality CENTEROF 19
MECHATRONI



Science becomes

reality

: LINZ
CENTER OF
MECHATRONICS



	Slide 1
	Slide 2: X2C
	Slide 3: X2C
	Slide 4: X2C
	Slide 5: X2C
	Slide 6: X2C
	Slide 7: X2C Workflow
	Slide 8: X2C Workflow
	Slide 9: X2C Workflow
	Slide 10: X2C Workflow
	Slide 11: X2C Workflow
	Slide 12: X2C Workflow
	Slide 13: X2C Workflow
	Slide 14: Execution
	Slide 15: Results
	Slide 16: Results
	Slide 17: X2C Results
	Slide 18: Summary
	Slide 19: Summary
	Slide 20

