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DCDC Converter with Dual Active Bridge Healthineers -

Voltage 1 DCDC Converter

_— Voltage 2
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0
 DCDC Converter is used to transmit
| electrical power from one component
F ‘£ f\ to another component
LYY Lt 2

' § — 1 ' * Design contains 8 switches that are

turned on and off (modulation) by
the control unit
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Developing a Power Electronics Application ithincers -

Healthineers -’

| need a control board to
run the power application

_\/
| need Firmware to run the
control application
L .~
Power Electronics
Hardware Developer | need Software to run the
@ firmware application
The Hardware developer HCOZtI"O| EISCtrolmcs\A
has to wait for the whole araware Developer
chain, before he can test @

his prototype Firmware DeveN

],

Software Developer
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Rapid Control Prototyping

| need a control board to
run the power application

_\/
%%
Power Electron\

Hardware Developer

Rapid Control Prototyping (RCP)
System

&

Model Developer
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Rapid Control Prototyping Heatthincore

Speedgoat RCP System

4 x CAN DMA 56 Digitale 10s
Power
Processor FPGA 16 ADCs Electronics
PCI
Development dis Hardware
Ethernet 16 DACs
PC

&
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Defining FPGA Interfaces Heatthineers -

 All FPGA interfaces are defined in the

Speedgoat RCP System
peedg Y workflow advisor of the HDL coder

o * PCl-express interface
DMA 26 Digitale [0 * multiple channels
* any data type supported, including Busses
Processor FPGA 16 ADCs e CPU-clock-cyles
PCle — easy to use, but not high performance
16 DACs « DMA-Interface:

* 1 channel (requires multiplexing)

* uint32

* FPGA-clock-frequency

— high performance, but not so simple to use
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Complexity of FPGA based RCP Heatthineers

Challenges arise from various sources

FPGA specific challenges EV E RYT H I N G

* Fixed Point design or
HDL-coder specific float-implementation

» FPGA-specific timing requirements EV E RYW H E R E

* Limited Blocksets
e Limited FPGA Resources

+ Long Build durations (> 60 min) A I_ I_ AT O N C E

CPU specific challenges

* Limited clock speed None of the challenges is very hard, but there
are many of them. Each challenge adds to the
Interface specific challenges complexity of rapid control prototyping.

* Limited bandwidth of DMA and PCle interface
* No Bus-Support for DMA interface

Hardware specific challenges
* Depending on the specific application
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MOdEI ArChitECtu re Healthineers --*°
Ensure readability and maintainability of model

* Separation of Concerns

* Make use of busses wherever
possible

* Ensure Bus-Support for all steps
of your build-pipeline

* Clear separation of concerns

fske,mem T _ _ .
lFHeen, > Clear se paration of
Physical Hardware - Application o 3 e = 2 . .
b pp ’—‘ Physical Hardware ° Control Apphca‘“on
<board_manitoring> “watchdog_simulus> SM’m’m’m’"L’m"p? .
o Input Interface Master Control Output Interface — ® SOfwa re A bSt ra Ct ion
——————
— Hmwm R La yer
— == >0 .
e S _ — sy * Hardware Abstraction
N2 ¥ & i Hardware_Enable_TTL_16,
Layer
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Build Chain Automation

Code Generation and FPGA synthesis
require approximately 75min
(duration depends on model setup,
tool setup, and PC speed)

Make sure that all steps of the build
process are completely automated
* Variant Management
* VHDL Code Generation
* Synthesis + Bitstream generation
e (C-Code Generation + Compilation

Without complete build automation,
there will be nothing rapid in
Rapid Control Prototyping

Model
Creation

Simulink

Version
Control

SUBVERSION

Subversion

Build
Manager

Jenkins

SIEMENS .-,
Healthineers -

Package Run
Manager Realtime

speedgoat

Artifactory speedgoat
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DMA-Utilities

SIEMENS ...
Healthineers -

Runtime configuratable tracing in FPGA domain

Speedgoat RCP System

Processor

DMA

PCle

FPGA

DMA allows transfer of 32-bit words @20Ms/s

Realtime tracing of multiple signals requires
multiplexing

Custom Library for DMA-Support has been created,
automating multiplexing of Simulink Busses

Selection of the tracing signals without
FPGA synthesis or C-code generation
(runtime configurable)
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Life Demo of Realtime Application

4] DCDC_RCP_App

- ] X
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-
TargetFC1 | v ] E D Stop Time configured rear plugin
Ready to start
Load Application Start Stop time set to 3s for application
[ﬁ CarzeE ] gm_DCDC_RCP_System_sit -
Signals and Parameters Thresholds Realtime Tracing TETMonitor
Signal Tracing
- Temperature 1 . Primary UDC 1 Primary Current
08 08 08
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04 0.4 0.4
02 02 02
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Overwrite Flag On () Off Overwrite Phi

Modulator Freq
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On () Off Fake Environm... On () Oft
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LOADED: gm_DCDC_RCP_System_slirt

Hardware Enable ()}  Modulaior Active ()  Perform Logging  On C’ off
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ConCIUSion Healthineers -

* FPGA based Rapid Control Prototyping has the potential to increase
your development speed dramatically

* Highest benefits, if you successfully address the challenges of RCP
* Maintain a clean Model Architecture
* Automate all built steps that can be be automated
* Facilitate a flexible and fast realtime tracing of FPGA based signals
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