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System architecture

e 8 250 KW Inverters
e 2 PCs

e 4 Embedded Linux Devices
(PowerDNA)




GUI (Graphical User Interface

e Controls Motors

e Controls Relays

e Saves Data

* Shows Relay Feedback
e Displays Data

* Runs Flight Profiles

e Software written in C#
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Embedded Linux Boxes

e Firmware written in C

e One for each wing (Starboard,
Port and Tail)

e A Master that talks to all wing
units

e Contains the ARINC664 and
CANDbus interfaces

e Allows access through SSH, SFTP




Inverter Setup and Feedback

 Rinehart GUI

* Allows changing the limits(
speed/torque rate)

e Display the raw data

Information View EEPROM View
File Help
Symbol List Watch List
Symbol ADDRESS nd Symbol ADDRESS VALUE ind
Access_Code/Inverter_Status 00000 L
Last_Run_Fault 0:005d r
Lirmit_Flagl_(Lo_Word) 0005¢
Limit_Flagl_(Hi_Word) 0:005b _
Run_Command(Trg=0_Spd=1)  0x0003 E:f':::h”m
Veh_Flux_Command_(Wh)_x_1000 0x0004 Auto
Resolver_Delay_Command 00005
Open_Loop_Command(0=0FF) 00006 Clear Faults
Omega_tst/4 00007
Dacl_Ptr_Cmd 00008 =
Dac2_Ptr_Cmd 0:0009 Load
IQ_Ptr_Cmd 0:000a RS
1Q_Ptr_int 00090
1Q_Ptr_frac 0x008F Download
INT_Ptr_Cmd 0000k Diag Data
INT_Ptr_Value 0007
Kp_curr/4 0:000¢
Ki_curr 0x000d
Kp_flux_weakening 0:000e
Ki_flux_weakening 0:000F i i
< m | » l 1] |




Communication

* Protocols
UDP,CANBus,ARINC664

e Over optical fiber

e Redundant for data and
commands
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CANBus Communication
(Controller Area Network JCommunication

* Used because of the Inverter

e CANBus is used mainly by auto
industry

e 1 Mb/s
e Sends Telemetry

* Receives commands



ARINC 664 Protocol

Used by Airbus 380 ,Boeing 787
Full duplex

Redundant

Deterministic

Virtual links

Master PowerDMA E
IP10.0.1.1

Wirtual Link 1 VL _10=1001

Port:32001 Commands

Mirtual Link 2 VL _ID=1002

Port-32002 Telematry data

Mirtual Link 3 VL_ID=1003

Tail PowarDiA E
IP10.0.2.1

Port:32003 Commands
Virtual Link 4 VL_ID=1004

Port; 32004 Telemetry data

Virtual Link 5 VL _ID=1005

Right Wing PWEFDNPE
IP10.0.3.1

Port32005 Commands
Wirtual Link & WVL_ID=1006

Port: 32006 Telemetry data

Left Wing PowerDNA E
1P 10.0.4.1




Motor Control

e Ability to use flight profiles

e (saved as excel files)

e Variable command control rate
(normally 50 Hz)

e Torque or Speed modes
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Data collection

e Collect all inverter and motor
telemetry

e Collected data is used to verify
the simulation

e Saved as Excel csv format
e 50 samples/second
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Software Unit Testing

® U Sl ng M | n U n |t F ra m ewo rk ¢ RUNNING rinehartTelemetryUpdate_canOxA6_inverter_unit_test UNIT TEST
¢ RUNNING rinehartTelemetryUpdate_canOxA7_inverter_unit_test UNIT TEST

i Th e SMma I I ESt teSta b I e pa rt Of an *  RUNNING rinehartTelemetryUpdate_can0xA8_inverter_unit_test UNIT TEST
a p p I | Catl on ¢ RUNNING rinehartTelemetryUpdate_canOxA9_inverter_unit_test UNIT TEST

¢ RUNNING rinehartTelemetryUpdate_canOxAA_inverter_unit_test UNIT TEST

® U N |t test| ng f| N d S p ro b I ems eda rly *  RUNNING rinehartTelemetryUpdate_canOxAB_inverter_unit_test UNIT TEST

¢ RUNNING rinehartTelemetryUpdate_canOxAC_inverter_unit_test UNIT TEST
¢ RUNNING rinehartTelemetryUpdate_canOxAD_inverter_unit_test UNIT TEST
*  RUNNING rinehartTelemetryUpdate_canOxAE_inverter_unit_test UNIT TEST
¢ RUNNING rinehartTelemetryUpdate_canOxAF_inverter_unit_test UNIT TEST

e Software version 115 software major: 1 Software version 115 software minor: 15
ALL TESTS PASSED

e Testsrun: 41 .It took 0.066000 ms to finish the tests.
* [centos@localhost Unit_tests_x86]$



Code Statistics(lines of code)

e Firmware

e C/C++ Header
* make

e XML

* YAML

* Bourne Shell

files

blank comment code

2192 1673 5885

262 353 572
70 0 191
0 114
0 21
3 3

files

blank

comment

HTML
MSBuild script



Error handling
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e Communication Errors

Cll Waster PowerDMA

e Inverter Errors ’
»

* Timeout Errors ’




Future Work

 Add computer control redundancy
 Add generator redundancy



Questions
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