28
A Z4

POWER4FLIGHT

IntelliGenStarter Generatobystem

a SMEnual

Bill Vaglienti
Power4Flight
202 Wasco Loop, Suite 104
Hood River, OR 97031
541-308-0650

October31, 223
Versionl.3


http://www.power4flight.com/
http://www.power4flight.com

www.power4flight.com

A.

w

nmoow?>

VI.

r o mmooOow>

VILI.

© Mmoo w»

INEFOAUCTION. ...t e e e e e e e e e n e es 6
PrOTUCT OVEIVIEW. ...ttt e et e e et e e et e e s et e e e e e anbb e e e e e anbb e e e e e anneee 6
PC SOMWAIE. ... e e e e e e e e e e e 7
INSEAITALION. 1.ttt s b e n e r e s e e s 7
V2= 5110 TP PPTPRPR 8
[ o]0t TP PP PP PP PPPPPPPPPPI 9.
1= =i o [ L=V o] (0] [=ox £SO 9
(0] o)1 o o] £ =11 SRR 9
Connecting display software to INtelliGen...............oevvviiiiiiiiiiiiiii 10
COoNNECHION METNOOS........eiiiii et e e st e e e s sabe e e e e s aaeee 10
1070] o] p =T (0] o BS] £= LU TP P OPPPRPPPPPPPR 11
IMIBINUS. ...ttt e e e e e e 12
1S3 0 01T o T T OO OUPPUPPT PP 12
o] [=To 011 o |1 OO P P PO PP PPPPPRPPPP 12
COMIM MEBNUL...iiiie e e e e e e e e s s e e e et e e e e e e s s bbb e e e e e e raeee s 13
WINGOWS MEIUL ...ttt e e e e e et e e s e e e e e e s s et e e s e s rr e e e e e nnre e e e e e annes 13
TOOIDAIS MENUL....eeeiie ittt e e e s e e e e e s e e e e s e e e e e e nnr e e e e e e ennee 14
L L= 0 1= SR 15
IntelliGen Functions and OPEratiQn................ueuueeeummiireessse e ee e ee e s e ee e e e e e e e eeeeens 17
1= Ko ] £ OO PP PPPPPRPPTRR 17
L@ 1111 0 11| TP PP T PP PP PR PPPPPP 17
[ foTo [T o] o] o= =1 ilo] o FO PP OP PP PP POPPPRTNE 18
Main regulator CUrreNt TIMITING........ooouieee e 21
Current control mode and load Shedding..............uuuiiiiiiiiiiiiii e 21
Voltage control mode and 10ad SheAAING..........iiiiiiiiiii e e e e e e e e e e e aaeens 22
Main regulator VOItAgEe SEIPOINL........cccooii i e e e e e e e e e e e e e e e 22
THEIMAI PIrOTECLION. ...ttt e e et e e e e st e e e s ebees 22
REQUIALOT IS DAIEIESS. .....eii ettt e et e e e et e e e e abre e e e e neee 22
INtelliGen CoNfIQUIAtION..........uuieiiiii e e e e e e e e e e e e e e e e e e e e e e eeees 23
Changing ConfigUIation aLal............ueiiiiiiiiii et 23
LCT=TTCT - 1o PP PTPPPT PP PRPPIN 24
L670] 11 o] FHE TP PP P TS PP PP PP PPPRON 26
POWEL ...t r e 29
(O70] 1011 11 PO TP P PP 34
Y 0] =10 T P PP PU PP PTRRR 37

CONfIGUIALION FIIES ..eeeiii it e e e et e e e s st e e e e sbbeeee e e e 39

7B

\N Z


http://www.power4flight.com/

www.power4flight.com

VIII.
A.
B.

IX.
A.

X.

o0 ® >

XI.
XILI.

XV.
XVI.
XVII.
XVIII.

XIX.

Fault Detection and HanNAIINgG ............uuueuiieeiiiics s ee s e e e e e e e e e e e e aaaaaaad 42
Faults due t0 SENSOr PrODIEMIS. ... ....eiiiiiiiie e e e 42
Faults due to mechanical, environmental, or software problems.........cccccccveveeeee i 42

] PP PPTRPTI a4
EFTOr WINAOWS. .....ceiiieiie ettt snnee s s snneesnnneesnnneeennneessnnneesnnns B

)£ (] 1 NPT OUPPPPPPPRRRPRRPPPRY . ! o
1= U PP RRRPURR TSR 46
HAIOWAIE. ...ttt et ek e st b e et et e e sk e e s Rt e e s et e s ne e e s nn e e e nnn e e e nnneeennneas 46
RESEt AN PrOCESSING .. eieitviiiieiiiiiiie e ettt ettt ettt e s ssinr e e s e e e s annne e e s eesnnneeeessnnneeesennnneee T
GNEBIALOT WAL ...ttt e e ettt e e e ettt e e e e e e e s s e e e e e ettt e e e e e e se s s s rnrrnrereenneneesd A7

DiISPlay I8YOUL..........eviiieiiiiiii e nneeee e e e 4O

LT 100 [T S PPPPPPI 50
PWIM QAUGE......co oottt e e e e e e e r e e e e e e e 50
LT 0] 7 =T Lo PP 50
(D= L] ] oo T o PO PP PPPPRRPRPPPPRRR 51
Variables TOOIDAL.........coiiiieii e ee e 51

(04 0= 1 S F PP PP PR PPPPPPP 52
Yo 18 1S 1] o TR =TT o 1= 53
Adjusting left and right SCAIES.........uuuuuiiiie e e e e e e e e e e e 53
2T =T O SO PP PPPPUPPRPPTPPRP 53
Default charts and Chart NAME.........ooiiiii e e et e e e 54

CommMANd TOOIDAIS.........uiiiieiii e e 55
ENADIE TOOIDAL.....ceiiieee e e e 55
AUGMENT TOOIDAI.......eeeiii ettt e e e e s sttt e e s sbbr e e e e s ntbaeeeeeean 56
Switched OULPUL tOOIDAL... ... e e e e e e e e e e e 56
L YA O o= 1 T 1 | SO TP PP OTPRTTR 56

ALBIINIS e e et et e e e e e e e e 57

PACKET LODG. ..ttt ittt e e e e e e e e e as 58

SIMUIBLO. ...ttt e e e e e e e s st b e e e e e e e e e e e e aans 29

FIrMWAre UPGALE..........eiiiiiiiiiiie et r e e e e e e e e 60
Firmware diStriDULION. ..........oooiii e 60
Programming the fIFMWAIE..........oooi e e e e e e 61
Bootloader communications OVer UART..........uiiiiiiiiiiiiees ettt 62
Bootloader communications OVEr CAN........uiiiiiiiiiee ettt e e e sanees 62

10T i 111U 63

7B
\N Z


http://www.power4flight.com/

7B
\N Z

www.power4flight.com

A. LOGQING TOOIDAL......eeeeeeeiee ettt ettt e e e e e e e bbbttt et e e e e e e e e e s s e annbabbeneeeeaeaeaeeeeeaannd 63

B. Replaying @ geNtel fil......oi i a e e e s s annnnne 64
XX, SOftWAIrE REIEASE NOIES. .. .ce ettt e r e e e e e eeaas 65

A. Version 1.3.338 (31 October 2023) (1.3 First REIEASE).......cccvvviriiiiiieeie e e e e 65

B. Version 1.2.307 (30 September 2023) (1.2 UPdate.5).....cccveeeiiiiiiiiiiieiiiiiiieie e e eccivvvveeeeeeee e e 66

C. Version 1.2.306 (27 June 2023) (1.2 UPAAte.4).....uuueeiiieeeieiiiiiiiiieieeeee e e e e e s essiivnanraee e e e e e e e e s e e nnnns 66

D. Version 1.2.301 (20 April 2023) (1.2 UPdAte.3)...cceeeeeeiiiiiiiieiiiieieeie e e et ee e e e e e e e e e e 67

E. Version 1.2.285 (28 February 2023) (1.2 UPdate .2)........cceeiiirriieiaiiieee ettt esiree e 68

F. Version 1.2.283 (22 February 2023) (1.2 UPdate.L)........ceeeiiiuiiieiaiiiiieeaiiiee et e e 68

G. Version 1.2.278 (20 January 2023) (1.2 First RElIEASE).........ccceviicvivieiiiiiieeie e 69

H. Version 1.1.272 (7 December 2022) (1.1 First REICASE)......uuuuruuiiiiiieieieeeeeeeieeeeeeeeeeeveev s 69

l. Version 1.0.244 (4 AUGQUSTE 2022).......uuuuuuueiiisieieeeeeaeeeeaeteteteteeeeeeeastanan s aasaaaaaaaaaaaaaeeesessemmrmnnn 71
TABLEL: INTELIBEND SENSORS. ...tuttutttnitntttetasssssetaastsaesaettnsesaessaesasstntsnsstsranssssesssesssetantesnsssseetttensesstsnrernetsrerinesnres 17
TABLE2: INTELIBENS OUTPUTS AND CONTROL SIGNALS .ttt uttttttteeetasstsuasesstaseessnsssssssststssessaetssatetssssessnessnsesstassersnrersinsesennn 17
TABLES: INTELIBENS OPERATING MODES. ....ttuittittneitntttusesasesnetueesassssssssesanssantssesastsasesnsssnssaettresnetsneeenttsterteernreieernrees 18
TABLEA LIST OF POSSIBLE ERROR CONDITIONS 111 ttutttttettttestetttestestasessssssessnssssssssesssessnesssiesteetsstsntesiestneetnmteeeeieaene 45
HGUREL CONCEPTUAL DIAGRAM BOFELIBEN ....uuiiuniittetteitneestessusesasstsssanssssesanssaesnesssesansesnsssasstnsssnsesnssssssssnsssnsessserseresnsernreed 6
FGURE INTELIBENUSERNTERFACE .. ...t tttuitttiettetttetaasetsetanesasstaasessesaassaasssaesassastaa st saesassseeanttasesasttasesnesstesnaesstsersnessnserans 7
HGURE3: INTELIEEN SOFTWARE INSTALLATIORIIDOWSLO ... eeniiiiiiii et ee et et et e et e et eea e et s e s s et e eaa e e aa s e sansetnsseassnssbseansrensns 7
HGURE: CONNECTION DIALQESED TO CONFIGURE HOW THE DISPLAY SOFTWARE CONREGBEN Q. .....ocvvniirniienieinerineenersneesneranns 10
HGURE: INTELIKEEN CONNECTION STATIEHE STATUS BAR .. .cuuiittiitteittttteetntssesstetseestestettseaneettestaeetetaeestereseern e 11
LR TeTU = 3T IR V1= 12
LT = = 2T N =L o WY 1 =1 N S 12
FIGUREB: COMM MENU ... ittiitteet ettt eeet et eea e et eea e s eae e st e s e aeesaeesa s e s e e s aaeeea e e b e e e es s e e e e sas e e e e s easesa e s b s e aa e e ta s e sa e et s e e s sneransnnerans 13
FIGURED: WINDOWS MENU. ... euiitnetteeett s etaeea st eeta s s et s et s s aaessa s s b s sa e s aaeeeas e s e s e aa e e s b s ea e s sb s e e e s aaes s e e s aneeeasesnsesansebaseanssnssransssnsas 13
FIGURELO: VWINDOWSSHOW MENU .. etutttneieteeeteeaneetasesnsesnsesaasssasssassssssanssssssansess s sansesnsssssansssassansssnessassssnsesnsernsesssssrnsesnssenns 14
FIGURELL: VWINDOWSTHARTS MENU. . ettt tetttneeettaeeesssessassesssssessaasss s sesansssssasssasasssssa e ssnnsssases st saesanssesasesstsessnsessnnaessrnns 14
FGURELZ: WINDOWSTOOLS MENU. ...etuittettettneettessesssstnessnesssesaessaessessaesssstnesnsstessnsesnsesnesssersettnteseettersnestnereesnern 14
LTI = R T T T I =Y = 1T 14
[ TeTU = I S =T T V1 =1 T TS 15
FGURELS: ABOUTINT ELIBENDISP LAY, ...t ittt ettt ettt ettt ese ettt et e et e e st e st e e s e aa e aa s et e eaneesa e st s st san e e ba s e b es b sansstesaasasessneesnenans 15
FGURHE6: PROMPT FOR DOWNLOAD A NEW VERSION OR A BUG FIXJUPDATE. ...cetuieietteeteeeeteeeeesasesetesessaeseeasssssasesssasesssnsesens 16
HGURHAL7 PASSIVECRANKINGGENERATINGNDAUGMENTING MODESKIFELIBEN ......uciivueeeieteeeeeeeeeeateeeeraeeesteeeennaeessaeeranseeeannaeeees 19
HGUREL8: GLOBAL FEATURES OF THE CONFIGURATION WYNBIOME CONFIGURATION LQCKED. ... cvuiitniieniiiieeeeeiieeeaeeeisesneeeinens 23
HGURELY: GENERATOR CONFIGURATION ..ttt tttttttettueetasttsssstesstessaesssesaestassansssassssstasssssssersasstsetsneessierseettesteessnesnnersnnrennes 24
HGURE20: THERMISTOR CALCULATOR WIZARD. ... ituitutitetteetetatesstsetanesttse st s sassbassaa s sa s et esas s st e sbaseansstnsessssbasesnssstsnnssstnnes 25
FGURE2L: R T IBENSOR CONSTANT S, 1. tttuttttttttettatttttetneettesaestastsaestetas et etantesaeeantetatetssasststtnttsnesstersneesstesnresseesreeesnerennns 25
HGURE22: CONTROL CONFIGURATLON. .11ttt tttttttt ettt eeatsttaeestestaeesaesssesansssasan s saesaa s ta e sasstaseansssasssssstassanesstersasetsersnresnsernnns 26
FGURE23: POWER CONFIGURATION 1.1ttt tttteett e et eetasesasestsesasesasssaast s sansssassansasa s sansesasens s sssaseansssnsssaessnsesnsernsesnsssrereenssennes 29
HGURER4:BATTERY CHARGE PROFILE SHABBVADRHIUM ION. ... ieuuiitnienieeteteeeessesasesasttnsesnssstnsesnsssnsssnessnsrensesnsesansesnsesnsesnsernns 33
HGURE25: COMMUNICATIONS CONFIGURATLIQN ... ctutttneeunetettetasessseeansssasesnsssasssn s s eanssssssanssssesa st esnsetnsesnesttseenseensernsensernns 34
FGURE26: MAIN TOOLBAR INDICATINEORENEEDED ... .eiiiiiiiiiiieiiiiiiee e s sttt e e s sittee e e s snttaaeeaesstaeeeesssseaeeeessbnaeeeesanssaeeeennsneeens 37
HGURE27: STORAGE CONFIGURATLON .1t tttuttttetttetttesatttsaeestsstaessasssssansssassn s ssesanestaesssssasssnsssneenesstnetsnesstiersesensersneesiernes 37
FHGURE28: CHANGE COMMENT PROMEPT. . ..uuitttittttttettnestteetaeesnsssestnessaesssssssaetsnesassteeanteseessessteesetsneeeanettrestestresiessneees 38
HGURE29: CONFIGURATICBAVE WINDOM . ...t tettuttttettnsttneesseesnssssssnesssesssessnessssssesssstnsesnessteesntstntesneestoeretsieneetieseenie. 39

FHGURE30: CONFIGURATION OPEN WINDOM . ..ttt tettutttettnettasesnsesnsesasetasssnssssssansessssansessesansetnreensssntsssetteteenetneetreresnren 40


http://www.power4flight.com/

741\
www.power4flight.com \ /

HGURE1: CONFIGURATION COMPARISON WINDIOW . ...ctuueettnetetueeetueeeateesssneestaaessnnaessnneesstnaasssnsesesnneessnnesssnseessnnsesstnseessnnaees 40
FHGUREB2: CONFIGURATION COMPARISON RERORT .....uuuuieetittiutieeeettttuesessesttnneeesessnnseessssttnnaeeesstntaesesteeseer s 41
FHGUREB3:INTELIEBEN ERRORS WINDOW WITHOUT AND WITH ERRORS.....uuuiiieiiiiiiiereereetiiiieeeeeesniiseeessntnnseeessssssnnseessssssnnsenensnnnn 44
FHGUREB4: ENABLE TOOLBAR WITH AN ERROR VISIBLE ... .ciiiiiiiieieeeeitiie s e eeeeetieeeeeeestisesesstanseesssssnnnnseessssnnnseesssssnnnseessenssnnnnnen 44
FIGUREBS: SYSTEM WINDOM . ....ueeeetetttuneeeeeetsueeeesssstnnsaeesestssaseeeesastanseessestsnnareeesssssnnseeesstsnsseesessssnnseessssnsnseesssssrsneeessesssnneeeess 40
FIGUREBG: EXCEPTIQN ... iittiieiiti e eeiie e et tee e et eeeee e et et e e e et eesat e e e taeesetaasesanessanaassnsaessnnsasssnaeeesnsesssnnsestnneesssnsesssnneeessneennnsesesnsdbl
R (e U] = A o =S =i . Y NS UPUORRPUPPRPRSY 47
HGURE38: DETAILED WEAR INFORMATION. ... eettunettte ettt eeette et et eesstaeseatees s s st aeeataassaanassanaaeansaeesanesstanaesstnsersnnrassnnaeeernns 48
FGURE9: DEFAULT DISPLAY LAY QUT...uuuuieiiiittteieeeeettneeesersssteseesesstansesessssnnseeessssssnnseeesessssansessssssnnseeesssssnneeesssnssnseeseessnnnneess 49
FIGUREIO: GAUGES. ....ietttt et ettt ettt e e ettt e e e e e e aet e e e e e e e et e eeeeasta e eeeeeatan s aeeessaaa e eesestaanaeeeessstaneeeentaaneeesessannnseeessetanneesennrnnnnss 50
FGUREIL: VARIABLES TOOLBAR. ... .cettttueieetetttuteestettutaeeeesesttanaeeeeeanaaeeeeesttanaaeeestatanaerestsnnaeeeestanreeessstanreesertsnaereeresstnienes 51
FIGUREIZ:VARIABLES. ....cttuu e eeeetttteseeetettseeetesttaa e eeeesastanaeeeestaaaseeeesstansaeesessasaareesssstansaeeeestannsaeeessannnaeesestannaeeeesssannseeeenranss 51
FIGUREIS: EXAMPLE STRIP CHARIL .. .otuiiiitiieitie et ttie ettt e ettt e ettt ee ettt e e aaa e e st aesstaaeesansssanaaetasaeesansesstaneessanesnnnasssnnaesstnnaensnnaaes 52
HGURE4: GHART CONFIGURATION WINDOW AND SIGNAL SELECTION. .. .iiuutiiiiieeetteeeitteeeetieeeeteeeesteestnaeeesteesstnesesnaeessnasesnns 52
HGURHE5: ENABLE TOOLBAR WITH GENERATOR NOT SPINNING AND CRANKING ENABLED.......cctuitiitiieiiiiieeeiieeeeeieee e eereeeennnnaas 55
HGURHE6: BENABLE TOOLBAR WITH GENERATOR SPINNING ALL ENABLES.ON....uuuiiitteettneierieeeesteeeetneeessnesestneeessteeessaaeesrnaeersnes 55
HGURHE7: ENABLE TOOLBAR WITH GENERATOR NOT SPINNING AND CRANKING DISABLED. BY.INPUT LINE......ccvuuieiiieeeeiiieeeninees 55
HGURHE8: ENABLE TOOLBAR WITH ENGINE CRANKING FROM THE HIGH VOLTAGE.RQWER RAIL .....ccvvtiieiiieieiiieeee e eeeeeee e e eeans 56
FGUREIO: AUGMENT TOOLBAR. ... ettt ettt eettt e eeet et et eeett e e e saa s e e taaeestaseeeaanaeataaeesas e aansasetanaeessneeesnneestanaensnseesnnnsersnnearennseren 56
HGUREO: SNVITCHED OUTPUT TOOLBAR ....ctuuetttieeetttetttteesetaeeetteesstaesetaaestnseteteasstaeeetatetaseetaeeestnaesstaaeestaeernnaessraneersnnns 56
FHGURB L:HVCOHARGHEIMIT TOOLBAR. ... ettt ettt ettt e eeteeeetatee et eessteeeeta e saanesetaeee st asaanetetasestasesesansesstneeeernesennaesstnesensnnnees 56
HGURB2: ALARM DISPLAY WITH AND WITHOUT ALARMS ACTIVE ..euuiitteeeitieeeti ettt e ettt e e eeteeeeteee et e e eatneesataeeetaeesaneessraeersanns 57
HGURB3: ALARM TOOLBAR WITH NO ALARMSRMS ACTIMEND ALARMS ACKNOWLEDGED.......ccevtueeietneeenieeeetneeersieeeesiaeeeetneesenneesens 57
FGURESZ: PACKET LOG WINDOM . .. .eetuueetttneetuueesaaeestnesasnnsessnneeeenseeeanseetanesstnseeesnnestnnseetnsmeesnnesemmmessnnmeennseessnneerstneeeesnneees 58
HGURB5: PACKET LOG WINDOW SHOWING TELEMETRY WITH AND WITHOUT SUMMARY..PACKETS. ....cuuiieieieiiiieeeiiieeeeeeeeeaneeenenns 58
HGURE6: VERSION MISMATCH QUERY. ..t . ittuittitteettetateesnetssessessseessestsssssssasesnsssseessetsneessieestertertnresnesnersnrssieesnessirerinessneed 60
HGURB7: PROGRAMMINGOOL CONNECTED TMITELIBEN .....uuuiiirueeirtneeeetteeenteeeetieesestneessanaeeetnaessnesssnaeesssneessnneesssansestnsessnneesessd 60
HGURB8: PROGRAMMING IN PROGRESBINECTED BOOTLOADER........uiiiitieieiieeeetieeeeteieeetteeeestaeeeetnessaneesetaeeeataeersneeeeraeennnsesd 61
FHGUREB9: INTELIEEN IN BOOTLOADER QUESTLQN. ....uuuuteetttttuneeeesstuuasessesstunaeesssssusseesssssnnaeeeessssnnaeesesnnneeeeessssnieeesessnneraees 62
FGURBBO: LOGGING TOOLBAR. ... ..eettueietieeeeti et ettt e ittt ee ettt e s st e eetaasaetasesesanesstaaasssassssassetaseeesanessanaeestaseernnsesssneeersnneersnneesennd 63

FIGURED L REPLAY TOOLBAR ...t utttuitttettetteeateteestsstsstaesas s st esaas et et sa e ssesaasesa s sansassstasesnsssessanessssesnsssnsessesstsesnessnsesanersnres 64


http://www.power4flight.com/

7B
N\

www.power4flight.com

l. INTRODUCTION

A. Product Overview

IntelliGen is a Starter/Generator controller with power distribution and battery charging designed by
Power4Flight specifically for use in small engine aerospace applicaBeesthe IntelliGen datasheet for
detailed specifications and electrical and mechanical ICDs.

Legend:

Low Current IntelliGen Diagram
High Current

.3 High Voltage ~__ - System Out
z HV Switch | Backup Switch *
>
ot
Switched Out E
—\ E
& Motor Main .
o [e>— —> ®
g controller Regulator Backup Battery o
N T g
_ Halluvw
=3
= - Gen Temp A Out
= RegA [y
Processor @
=
Battery Tem ©
- 1! gt
o
E = 1 RegB
5 Crank / Enables

Figurel Conceptual diagram for IntelliGen.

www.power4flight.com sales@power4flight.com 6
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Il. PCSOFTWARE

Allthe software, firmware, documentation, and tietandardR S @ S £ Ritl(3DKarescontained within the
IntelliGen DisplayThs software is available as a windows instatea macOS app bundle

# InteliGen Display - Testing - o X
File Project Comm Windows Toolbars Help

() ) ) A )=o) ov:c10:| oms [ e

Gauges & X | Configuration - RS

| Dagesy R (8
Temp(Q) | | O send | [ €2 Request open | os | P

PWM (%)
100

-

= Hot Temperature |150 C

PeskCurent | 100A

Peak Current Hot |50 A

Duty 80.6% GenT 59
Gen 47.6 GenA 4.7
HV 47.6 HVA 0.0
Main 28.0 RegA 7.1
SysA 71r BattA 0.0

[ Generating |

Peak Time

Gauges  Alarms  Erors Sticky Errors System

X [ auto | save. < 3 @ (@ Msync | selectsignals... | [ auto | X/ auto | save, < > |Q @ Esync |selectsignaks... | [ auto
S m pwm duty 100 5,000

80 | |- 4,000

60 (e 3,000
> =
s 3

O ey 2000 W Battery current 2 2
W High voltage current 1
20 1,000 10 -
0
i 0 0 g o 2
d 00:01:15 00:01:20 00:01:25 00:01:30 = 00:01:15  00:01:20  00:01:25  00:01:30

Log 1,820 [Nolimt  ~| Period Avg 0 [avg ] [Type 2 comment and hit enter -]
Simulator [Ghlinel

Figure2 IntelliGen User Interface

The IntelliGen display is a development tool used to configure IntelliGen, test generators, and develop
software that interfaces with IntelliGen. It is freely available from Power4Flight.

A. Installation

. & P AFlight IntelliGen 0.2 Software Setups Inst... —
The software requires: e X

\@! Check the components you want to install and uncheck the components
LY

1 A personal computer with Windows 7 (or late you don't want to install. Click Next to continue.

-or- macOS 10.10.5 (or latér)

ﬂ A USB or R&32 port- Select components to install: IntelliGen 0.2 Software (regquired)

. . . . . Start Menu Shortruts
The Windows installer is conventional, wi [ Desktop Shorteuts

2LI0A2ya G2 LI LFOS &akK2N
and start menu. It will also install an 4imstaller to
remove the software. On macOS the software
uninstalled by deleting the app bundle. Space required: 77.2 M8

Figure3: IntelliGensoftware installation on Windows 10.

The software(- £ £ 2 LISNI GAy3 adaeadsSvyaovo ¢Aff &0G2NBintdhiGanl A
SAALI | @€ d ¢ Kridtratmgve ifia dirécforfy, BN canbe deleted by the user if desired.

1 This manual uses screenshots from the software running on Windows 10. Your version may look different.

www.power4flight.com sales@poweré4flight.com 7
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B. Versions

IntelliGensoftware uses a threepart versioning scheme; for example0185 is major version 1, minor
version0, and build numberl85. Changes to tle major versiomumber are very rare andndicate large
system wide architectural changes totelliGen Forwards or backwards compatibility between major
versions is not guaranteed. The minor version will change anytiediGenreceives a new featuréMinor
version changes typically maintagompatibility so that upgrading (and in most cases downgrading) the
minor versionwill not invalidate the configuration

The build number will change anytime new software is released. When a bug fix is released the build numbe
will change but the major and minor version will ndte build number does not reset to zero when the
minor or major numbers are changeldelease notes are availablesactionXXof this manual, or from the
software (sectiorV.hB.

www.power4flight.com sales@power4flight.com 8
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1. PROJECTS

¢tKS RAALI e a2FGé6F NBE NBO2NRA RIGF Ay at Ne2SOG4aé-
dza SND&a RANBOG2NEBY G4kt 26 SNhCf AIKGkLY(ISttADSY 543
name of the project. The softwamaintains a list of the most recent projects and automatically opens the
most recent one when the software launches. The list of projects is specific to the computer user.

Contained within the project directory are all the files the software will record during normal operation. This
includes a file that remembers the layout and settings of the user interface, as well as the binary and text
recording log files (sectioXlX. Projects are a convenient way to keep all your files together; especially if you
are disciplined about creating a new project when switching hardware.

Use theProjectmenu (sectioriV.B to create, open, copy, or rename the project. There is always an active
LINE2SOGd ¢KS FANRG GAYS (GKS a2Fids6l NB NMzyrégnanieKS |
command in theProjectmenu to change the name of the project (which will also change the name of the
directory and files contained there). The project name is always visible in the title bar of the software as well
as theProjectmenu.

A. Creating new projects

When creating a new project, the user interface settings for the new project are taken from the existing
project. In addition, any open record files are copied and reopened in the new project.

B. Copying projects

Often when working on complex assemblies you reach some level of maturity and want to keep a record of
that before moving on to new changes. This is easily done usingaefeature. Thecopyfeature will
intelligently copy the existing project into a new projeanodifying the names of all files contained therein

to reflect the new project name. Reverting to the older projecasssimpleas opening it from the recent
project list.

www.power4flight.com sales@poweré4flight.com 9
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V. GCONNECTING DISPLAY SOFTWARE ECKEEN

IntelliGenhas aUART $erialRS232) interfaceand aCAN interfacavhich can be used to conneitto the
display softwareAfter connectingntelliGento the computerand applying power, use treommConneck
menu to bring up the connection dialog. This dialog is usezbtdigure how the display software connects
to IntelliGen The current connection method &ways visible in the status har

Comm Window | # IntelliGen Connection v
P Connect.. [ serial
B Disconnect COMS (USB Serial Port) 57600

[ Jcan

peakcan:usho

shift |16 :  iMbitfs

Do 0x1C00FFFF & Long ID

D 0% 1D00FFFF = Packet-over-CAN
[ ] metwork Client [ ] Metwork Server
Po 3453 = Port 3458 =
P 177

: Lol [+] Simulator

carel

Figured: Connection dialog, used to configure how the display software connedistédliGen
A. Connection methods

1. Serial

For R&32 connectiorio IntelliGenyou usethe serial option The R&32 interface defaults to 57600 bits per
second but it can be configured for different speed&ach time theconnection dialog is displayed software
rescans the available ports, so if yplug ina USB serial device after opening this dialog you will need to
close and reopen it.

Since PCs no longer have built in UARTS, serial connection to IntelliGen is typically accomplished with a U
to serial converter. Most converters should work out of the box if the operating system has a driver for the
device. We typically use the CommFAr&iSB to R332 converter.

2. CAN

For the controller area network (CAN) option you will need a PC peripheral that implements CAN. On
windows we typically use th&ystec USEAN modulghoweverthere issoftware support for other CAN
hardware.The CAN interface runs at 1Mbit per secoby default but it can be configured for different
speeds. In general, the CAN settings in the connection dialog should be complementaryinteti@en
communications settings (see sectigi.E or the communications ICD, for more information).

www.power4flight.com sales@power4flight.com 10
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The IntelliGen display software gets its CAN hardware support from the Qt library. On windows this has
support for theSystec USBEAN modulgand thePeak PCANSBWhen using the systec module on Windows

10 you will need driver version 6.04 (or later). When using the P@3BIbe sure to install the Basic API along
with the driver.

3. Network client

The network client optiomllows the display software to connect to another instance of the display software
which is relayingntelliGencommunications over the local networko usehis option, supply the IP address
and port number of the TCP server which is acting as the data relay.

4. Network server

The network server option allows the display software to act as a TCP server rétagiinGendata. This is

the only option which can be simultaneously selected with other communication options. When using this
option, you must select the port number that the server will listen on for client connecti6os.will need to

allow IntelliGenDisplay to open the port in your operating systems firewall.

5. Simulator

The simulator option starts a very simple engine anetlliGensimulator. The simulator runs the same
software as thdntelliGenhardware;and includes a (very) rudimentasfarter generator+ enginemodel.
The simulator can be used to learn about th&elliGensystem and its software.

B. Connection Status

The connection status is always visible in the lower right of the application on the statusitbea greeror
red light to indicate the connection is online or offline. A connection goes offline if no data is received from
IntelliGenfor 2 seconds.

Simulator [Onling peakcan:usb0 | Online | peakcan:usbl |G |
Figure5: IntelliGenconnection status, in the status bar.

When the display software connects botelliGenit will requestthe configuraton informationneededto
populate and configure the displays

www.power4flight.com sales@power4flight.com 11



http://www.power4flight.com/
http://www.power4flight.com/
mailto:sales@power4flight.com
http://www.systec-electronic.com/en/products/industrial-communication/interfaces-and-gateways/can-usb-adapter-usb-canmodul1
https://www.peak-system.com/

7B
\N Z

www.power4flight.com

V. MENUS

A. File menu

File. Comm Windows Toolbars Hell J OpenIntelliGen Config asks the user t@hoosea file that contain:

Open IntelliGen Config... \ IntelliGenconfiguration data see sectiorVIl.Gfor more information
The software will senthe configuration datao IntelliGenif it is online
Otherwise,the display will simply be populated with the ddtaadec
from the file.If this option is greyed out it is becaulsgelliGenisonline

k& Save IntelliGen Config... ‘

[@ Compare IntelliGen Config...

» Explore log files | but locked, see sectioWll.A
M Reset log files -9 SavelntelliGen Configk asks the user to choose a fifer saving
3 Open replay file... IntelliGenconfiguration data The userns prompted to specify whic

datashould be saved to the fil&his file can later be opened with 1

X Quit . .
OpenintelliGen/ 2 y Trmeawoption.

Figure6: File menu.

1 ComparelntelliGen/ 2 y FopedsXatool for comparingntelliGenconfigurations see sectioVIl.G.Jor
more information.

T Explorelogfiles At f 2Ly (KS &deaisSyQa FAtS SELX 2NBN 606
that contains the log files.

1 Reset log filswill cause the current log fitdo be closed and new fitestarted.

T hLISy NBLBAea FIAK S Xdza SNJ (2 A dzigedh 8t ¢ 0 NBKX OR F At & ¢
See sectioXIX.Bor more information.

B. Project menu

1 NewX asks the user to choose a name and location to be used for a = Project Comm  Windows
project, see sectiofil. B New..

f h LJS yasks the user to choose an existing project to open. @ Open..

1 / 2 LJasks the user to choose a name and location to copy the cul H cCopy.
project to and then open it. :

1 wSy I Yaskthe user for a new name and changes the name of the cu B | iz
project. . oA . A : Generator2

1 The currently active project. Clickingon itwillopelK S ae au SYQ

(windows explorer or macOS finder) to the root directory of pheject. wu  Testing
1 Remaining menu items are the most recently used projects (max of 10 it
Select a project from this list topen it.

o Customer Data
.. Generator 3

.. Generator1

Figure7: Project menu.
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C. Comm menu

‘Comm Windows Toolbars H 9/ 2 Yy SoPeinsXtheIntelliGen connection dialog. Sesection IV for more
| » Connect... details.

. B Disconnect 1 Disconnectshuts down allntelliGenconnections, including the simulator.
QO send Al 1 Send Allsends all configuration data timtelliGen If greyed out it is becau
&' Request Al IntelliGenis offline orlocked, seesectionVII.A

Undo (5) cul+Zz  { Request Alrequests all configuration data from thetelliGen

Redo (1) Ctrl+Y

Store Settings...
Figure8: Comm menu.

1 Undosends a packet to undo the previous configuration change command. If this option is greyed out it
is becauséntelliGenis locked, or nawndo packetsre in the undo bufferThe number in parenthesi$ (
in Figure8) gives the number of undo commands in the buffer.

1 Redosends a packet to redo the last undo operation. If this option is greyed out it is belcaaki&en
is locked, or no redo packets are in the redo buffedre number in parenthesis (1 Figure8) gives the
number of redo commands available.

T { G2NB { &SihiandsIriediGen to store the current operating settirigsnon-volatile flash
memory. This same operation can be done from 8terageconfiguration tab (see sectiovill.F.).

D. Windows menu

This menu allows the user to customize the IntelliGen User Interface. Windows which are currently open
show a check mark next to them.

Windows Toolbars Help 1 Opendisplayt | & 2|‘dél'fl1_)(é. 0KS dzaSNJ G2 &dzLJL.
layout of the windows (SectioXl).

 Savedisplayf | & 2adks ¥he user to choosefdée to save the currer

display layout.

Defaultdisplaylayout restores the windows to default layout.

Lockdisplay layout toggles the lock feature which prevents the disj

Show C layout and size from being changed.

e  Open display layout...
a1 Save display layout...

L Default display layout

=

Lock display layout

=

1 Showis used to manipulate thenainwindow.
Gauges 1 Gaugegoggles the gauges window (Sectist).
Errors {1 Errorstoggles the errors window (SectidX).
Sticky Errors  Sticky Errorgoggles the sticky errors (Sectidy.
System 1 Systemtoggles the system window (Sectih
Cenfiguration 1 Configurationtoggles the configuration window (Sectidfl).
o , T Chars controls the strip charts (sectiofll).
1 Toolsare used for analysis.
Tools L

Figure9: Windows menu.
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1. Windows Show menu

= =4 =4 -4

2.
Charts *

Tools L4

Fullscreerntoggles fullscreen display mode.
Maximizemaximizes the main window.
Normal un-maximizes the main window.

Centercenters the main window on the current monito

Windows Charts menu

Power

o  Add Chart

= =4 4 -4 8 4 -9 m

A Remove Chart...
Default Visible Charts

Print Visible Charts... q

Figurell: Windows Charts menu.

Windows Tools menu

Alarmstoggles the alarms window (Sectidty).

Packet Logoggles the packet log window (Secti®v).
Simulatortoggles the simulator window (SectiofVI).

. Toolbars menu

Enabletoggles the enable toolbar (sectioflV.A.
Loggingoggles the logging toolbar (sectiotiX.A.

Augmenttoggles theaugmentcommand toolbar (sectioXIV.B.
Switchedtoggles theswitched outputcommand toolbargectionXIV.(.
Variablestoggles the variables toolbar (sectitil.D.

Alarmstoggles the alarm toolbaiséction X\).
Replaytoggles the replay toolbar (sectiofiX.B.

www.power4flight.com

Speed T
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Show 3

Fullscreen
Maximize
Gauges
Marmal
Errors
Sticky Errors
FigurelO: Windows Show menu.

Center

The list of charts appears first. Each erttyggle:
the display of the chart on or off. The number :
names of charts are configurable (Sectkim).
Add Charftcreates a new chart.

wSY2 @S dsksithbldises to choose a char
remove.

Default Visible Chartssets any chart which
currently visible to its default.

t NAYy G + A a MndokeS the piirt tidlog ]
send all visible charts to a single page print ou

Alarms
Packet Log
Test Mode

Tools L

oy

Simulator

Figurel2: Windows Tools menu.

Toolbars  Help

Enable

Lagging
Augment

HV Charge Limnit
Switched

Variables

L T T

Alarms

Replay
Figurel3: Toolbars.
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F. Helpmenu
Help  UsersGuid®d2 LA Sa G(KS dzaSNDna 3Idza R
&Y Users Guide directory (~/I_30wer4F_Iightht_eIIiGen Display/Docs) and launct
| Communications Reference the system V!eweto display it . o
T 1 Communications Referenceopies the communications ICD to
P dza SNDRa RANBOG2NE FyR I dzy OK
#  About IntelliGen Display... T 9ELXR NI O2 YYdzy ksRd fdrladofaiion fo5wyitd tt
| communicationsandard Developerskit. The kit is used to bui
7 Firmware Update... software that interfaces with, or works with, IntelliGen.
o Export Firmware...
o Open Source Software r

Figurel4: About menu.

= =4

details.

About IntelliGenDisplayX shows the version of the display software, $eégurel5 below.
CANX g | NB inyokéR thaéiwtndow used to update the firmware brelliGen See sectioXVIlifor

9 ELJ NI CaskeXopaladaion to write the firmware file that is embedded in the display software.
This isnot needed to update firmwargt is just a convenience for configuration management purposes
1 Open Source Softwarprovides detail@bout the use obpen source software.

The version information ifrigure15 is for the
software on the PCpnot the firmware on
IntelliGen The software has a major and min
version numberX.0in Figurel50 = | & ¢
GwSt SIaSé¢ AYyRAOI G23iB
Figurel5).Thel K2 ¢ wSt S lbétén whl :
display the software release notes in yo
browser.

& About IntelliGen Display
@ IntelliGen Displ

Developers interface for the Power4Flight IntelliGen starter generator control system.
Version: 1.0 Testing Mew version: 1.1,251
Date: 2022/5/25
Build: 231 (0x03C4DCCF) Updates: 1.0.232
Copyright © 2020-2022, PowerdFlight

Show Release MNotes...

Figurel5: AboutintelliGenDisplay.

If you are connected to the internet th&@bout windowwill query the Power4Flight website to determine

what versions of software are available.

' Mew version available

download it?

A newer version (1.1] of IntelliGen software is available. Would you like to

[] Do not ask again for theze versions

ot

Mo

www.power4flight.com
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# Bug fix available *

An update (1.0.232] to this version of IntelliGen software is available, Would you
like to download it?

[] Do not ask again for these versions

Figurel6: Prompt for download a new version or a bug fix update.

If a software update isvailable,you will be prompted to download it. SeleDlo not ask again for these
versionsto suppress future prompts.
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VI. INTELIBENFUNCTIONS ANDPERATION
A. Sensors
TablelY Ly dSftfADSYyQad aSyaz2Nao®
Sensor Description
HallU,v,wW Three digital inputs used f@lectricalcommutation and to measure motor speed.

Phase voltage

Gen temperature
Bridge voltage

Bridge current

Pwr Brdtemperature
HV temperature
HVvoltage

HVcurrent

Main regulatorvoltage
Backup batterycurrent

Regulator temperature

Voltage from each of the thregeneratorphases.

Temperature of the generator stator.

Rectified DC voltagef the generator

DC current of thgenerator Positive if thegeneratoris supplying currentgenerating)
Temperature of the FETs used to commutate the generator phases.
Temperature of the higholtage battery.

Voltage ofthe high voltagepower rail

Current of thehigh voltagepower rail. Positive upplying current to an external loac
Voltage of thebackup batteryand or themainregulator output.

Current of thebackup battery Positive if the battery isharging

Temperature of the main regulator.

Regulator current Current out of the main regulator, always positive.

Systemcurrent Qurrent out of the system outputalways positive.

The current signs follow the convention that current flowing toward the generator is negative, current
flowing away from the generator is positive. When IntelliGen is starting the engine the generator current will
be negative, as will thieackup batteryor HV current (whichever is configured to supply the starting current).

B. Outputs
Table2: IntelliGen'soutputs and control signals
Output Description
MC enable Motor controller enable, if disabled all six motor control FETaen.
MC PWM Duty cycle to the motor control FETs (if MC is enabled).
MC Comm. Three digital outputs that control commutation of the FETs. Nominally the same as the hall sensor

unless electrical advance is applied.

Main regulator
enable

Main regulator enable.If disabled, thebackup batterysupplies the load(s) connected to the regulat
output. Normally enabled unless cranking from theeckup battery

Main regulator
current limit

Main regulator current limit is a PWM control sigmaitput by the processor to set the regulator outpi
current limit from 0 to 100%.

Main regulator
voltage selection

LV RegAenable
LV RegBenable

Main regulator voltage can be selected with a digital signal to either 28.5V or 25.0V. 28.5V is appr
for a 8S LiFePO4 battery, 25.0V is for a 6S Li battery.

Low voltage regulatoA enable.
Low voltage regulatoB enable.

Backup start
switch

Connects thdackup batteryto the DChbridge for starting. If this switch is closed timain regulatorwill be
disabledand thehv power switch will be opened
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HVpower switch | Connects the high voltageattery to the DC bridge for startinggugmenting or high voltage charging.
this switch is closed thieackup starswitchwill be opened.

I/0 enable IntelliGeninput enable.Ground this signal to disable the IntelliGen.

I/O start enable | IntelliGen cranknput enable.Ground this signal to disable cranking.

I/O start and IntelliGen crank input command. This signal must go from low to high to command start.
Serial RS232 Universal Asynchronous Receiver Transmitter communications.
CAN Controller area network communications.

C. Modesof operation
Table3: IntelliGen's operating modes.

Modes 3-phase / PWM Main Regulator LV Regulators Backup start HVpower
Disabled Off / NA Selectable Selectable Open Selectable
Not running | Off / NA Selectable Selectable Open Selectable
Passive Off / NA Selectable Selectable Open Selectable
Beeping On / PWM control Off / Selectable Selectable Closed if main Closed ihv
Cranking On / RPM control Off / Selectable Selectable Closed if main Closed ihv
Generating | On / Voltageor Current Selectable Selectable Open Selectable
Augmenting | On / Current control Selectable Selectable Open Closed
1. Disabled

If the input enable is lowor- the user enable is off, the system is in the disabled state. In this state the
generator is disabled, the regulators can be enabled, and the high voltage power switch can be closed. Closir
the high voltage power switch in this state is intended to preyidwer to IntelliGen and its regulators from

an external source. If the high voltage power switch is open the only source of power in this state is the
backup battery.

The system cannot be commanded to crank the engine in this state. Exit from this state is done with externa
digital input and/or user command. All other states are only valid if the system is not disabled.

2. Not running

If the system is enabled, but the motor speed is zero, the system is Mdhaunningmode. In this state the
generator is disabled, the regulators can be enabled, and the high voltage power switch can be closed. Closir
the high voltage power switch in this state is intended to provide power to IntelliGen and its regulators from
an exterral source. If the high voltage power switch is open the only source of power in this state is the
backup battery.

The only way to enter this state is to measure zero motor speed. There are two ways to exit this state: 1)
measure motor speed greater than zero, which causes transitidhassive 2) receive a start command,
which causes transition tBeepingand/or Cranking
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Legend. . . Modes: Legend: . . Modes:
Low Current IntelliGen Diagram OFF Low Current IntelliGen Diagram OFF
High Current High Current
° - ] K] - t 1
~ High Voltage - System Out " High Voltage System Out
z HV Switch | Backup Switch ® z HV Switch | Backup Switch @
> >
Q Q
i = i =
Switched Out 0 Switched Out 723
F F
= =
2 al |3 S
&’ Motor Main ° &’ Motor Main -
controller Regulator o controller Regulator o
g Backup Battery g Backup Battery
Hall UVW Hall UvW
I I
E 3 Gen Temp AOut E 3 Gen Temp AOut
Reg A Reg A
Processor “ ] Processor * o
< <
< Battery Temp B Out @ < Battery Temp B Out ®
T3 Comms Reg B > To Comms Reg B >
= Crank / Enables | — = Crank / Enables | |
[} o
Legend. . . Modes: Legend: . . Modes:
Low Current IntelliGen Diagram OFF Low Current IntelliGen Diagram OFF
High Current High Current
Kl . — o . —
» High Voltage - System Out ® High Voltage - System Out
z Configurable  Hy Switch | Backup Switch @ Z| Command v switch | Backup Switch @
— battery charge > current via ICD >
output g %
) z ) =
Switched Out 0 Switched Out 723
F F
— = =
2 al |3 s
&’ i Motor Main - G) Motor Main -
kg controller Regulator I controller Regulator 4
g Backup Battery g Backup Battery
Hall UVW Hall UvW
L L
> — = .
F ~ Gen Temp AOut = ~ Gen Temp AOut
Reg A Reg A
Processor “ ] Processor * o
< <
- Battery Temp B Out - = Battery Temp B Out &
O Comms Reg B 3 o Comms Reg B -~
= Crank / Enables | L = Crank / Enables | -
O o
Figurel7 PassiveCranking, Generating, and Augmenting modes of IntelliGen.
3. Passive

This state is entered from thidot runningstate when the motor speed is nexero.The configurable options
for this state are the same as thdot runningstate. Although the generator is disabled the EMF of the
spinning generator will still appear on the bridge due to the body diodes of the EtS ss referred to as
passive commutationif this EMF is greater than the turn on threshold for the main reguiatman be used
to power the regulatorsThis makes it possibfer IntelliGen to supply limitegpower to downstream loads

evenif there is nobackup batteryor high voltage source

If motor speed is above a configurable threshold the system switches tGémeratingstate. The Passive
state can be entered from any other state by measuring a low enough motor speed (zero motor speed results

in Not running.
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4. Beeping

The Beeping state is used to prepare the engine for crankiging this state the motor windings are
energized to create an audible tone for warning, and then to back the engine up so that the cranking can
begin with the engine off the compression.

The only way to enter this state is by start command received ilNtiteunningstate. The system will spend
a fixed amount of time in this state and then move to trankingstate.

5. Qranking

TheQanking state is used to start an engine using energy fromkiaekupor high voltagebattery. Software
is configured to target a specific cranking speed, and ¢herent to the motor controlleris closed loop
controlled to drive the engine to that speed, subject to a configurable current limit.

The only way to enter this state is byst going through the beeping stat&he current controller is limited

to 1 Amp of generating current (as opposed to many Amps of motoring current). Therefore, if the engine
begins producing torque the speed may increase beyond the desired cranking speed. If the engine torque i
intermittent the Crankingstate will continue to supply motoring current as needed to maintain the cranking
speed.

If the engine speed exceeds the generator on speed threshold (se¢tid) the system will switch to the
Generatingstate. If the configurable crank time elapses the system will switckémeratingstate if the
speed is greater than the generator off speed; otherwibe, state changes t®assivavhen the crank time
elapses

When cranking from tha&igh voltagegpower rail it is possible to run the main regulator. When cranking from
the backup batterythe regulator is off. Cranking from tliegh voltagerail will disconnect théackup battery

and vice versalt is possible to configure the system to crank from both voltage sources, in which case
IntelliGenwill choose the source with the higher voltage.

6. Generating

The generating state is used to make electrical power for the system, andhalive regulatoris typically
enabled. PWM to the motor imanaged by IntelliGeroftwareto control the bridge voltage, or to control
the current in the generatoand high voltage rail

In voltage control modehte software will run a feedback loop, reducing PWM to boost the bridge voltage. If
the target bridge voltage is low enough (or the motor kV high enough) the PWM will reach 100% as the motor
speed increases; at which point the bridge voltage is uncontrolfaftware can be configured for a
maximum high voltagepower voltage. If the bridge voltage violatesigtimit, or the PWM reaches its
configuration high or low limithe high voltaggpower switch will be opened.

If the high voltage power switch is closed, and if the software is configured to support a high voltage battery,
the system will run in current control mode. Current control mode runs two feedback control loops, adjusting
the generatorPWM to control the high voltage current and the generator currd@iie current control mode

will enforce the generator current limit; or, if the generator lesughexcess current, it will enforce a high
voltage battery charge profile.

Entry to theGeneratingstate can come fronthe Passiveor Crankingstate, or from theAugmentingstate.
Exit from theGeneratingstate comes from a validugmentcommand or from insufficient motor speed,
which triggersPassivestate.
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7. Augmenting

The augmentingstate is used to add energy to a running engine from lingh voltagepower source
Augmentingworks by controlling thegenerator PWM to target a commandedurrent into the motor.
Augmentingcan only be entered from th&eneratingstate, and only upon receipt ¢fie augmentcommand.
Theaugmentcommand has a timeout associated with it and must be refredbedintelliGen toremain in
the augmentingstate.

Transition back to th&eneratingstate occurs through timeout of thaugmentcommand the augment
command can be sent with timeout of zero to force immediate transitidw)lgmentingcan also be exited
due to insufficient motor speed, which triggdPaissivestate.

D. Main regulator current limiting

The main regulator supplies current to theystemoutput, the switched output,the two low voltage
regulators, and theébackup battery The main regulator has raal time controllableoutput current limit,
which varies from nearly zero to a maximum3®Amps. The regulator current limit is sat or below the
maximum valueaccording to operational conditions. Anytime the regulator output is limited the remainder
of the load is supported by theackup battery causing it to discharge. When the load becomes less than the
regulator current limit thebackup batterywill accept chargeuntil its voltage again matches the regulator
voltage.The backup battery maximum charge rate can be configured to protect the battery from charging
too quickly.

The ability to limit the regulator output is key to preventing IntelliGen from overloading the generator and
potentially stopping the engine or overheating the generator. Since the limit can be adjusted in real time
IntelliGen can be configured to draw grédmall amounts of generator power at low speed, and more power
at higher speeds; using thegh voltage battery or théackup batteryas a reservoir of energy to keep the
electrical system working during times that the generator cannot support the load.

E. Current controimodeand load shedding

The regulator current limit is set based on the sum of the available generator current, and the available high
voltage current. High voltage current is only available if the HV switch is closed, and if the system is configure
to treat the high voltage raias a batteryln that case IntelliGen will adjust the generator PWM to control
current in the generator and the high voltage rail. At lower speeds the generator current ntiayiteel, and

the control could consumhigh voltage current to add to the geraor output to meet the regulator loads.

At higher speeds the reverse may happen: the genereaor supplymore current than the regulator needs

that current will flow to the high voltage battery, following a programmed charge profile. Or the system may
end up between these two cases: some current flowing to the high voltage battery, but generator limitations
may force this to be less thahe desired charge current.

The process that determines the current flow is a feedlmaktrol loop that determineshe generatorPWM.

The error fed to the loop is determined from the high voltage current measurement and the battery charge
profile, or from the generator current measurement and the generation current lifimée larger of the two
errors is the input to the control lawn this way IntelliGen will follow the configured high voltage battery
charge profile, until the generator current limit is reached.

2The maximum current limit of the regulatordenfigured at the factory and varies depending on the version of IntelliGen
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F. Voltage contromodeand load shedding

If the HV switch is open, or the high voltage railasa battery, the current control mode cannot be used. In
that case the regulator current limit is set according to the available generator currengenteeatorPWM

is adjusted to achieve a desired bridge voltatjethe current out of the high voltage rail exceeds the
generation limit (or the HV charge limit) the HV switch will be opened to shed the load. If that happens the
system will wait 30 seconds before attempting to close the HV switch again.

G. Main regulator voltage setpoint

The main regulator can be configured to suppwb different voltage outputs. The voltage output is set
according to the battery cell count and chemistry. The options are 28.5V for Blualin-iron-phosphate
battery (3.56 Ycell); or 5.0V for a 6 cell lithium ion battery (87 Vicell).

H. Thermal protection

IntelliGen measures two internal temperatures: the temperature of the commutating FETs connected to the
generator, and the temperature of the main regulator. These temperatures are used to impose a thermal
derating on the generator current and regulatorreent respectively; ramping the allowable current down

to prevent the IntelliGen hardware from overheating. The derating schedule is factory configurable.

I. Regulator is attery-less

IntelliGen can be configured to operatgithout a battery backing the output of the main regulator
OaNBIdz | -28a &4 & KNivackusmi®ewy @notidh& I3V battery). In this mode of operation, the
regulator current limit idixed atthe value in thePowerconfiguration(VI11.D.§, without feedback control.

Note that generator load shedding can still be done in this mode if the HV switch is closed on a battery. In &
battery-less configuration that does not have an HV battery there is no way to regulate the load on the
generator¢ the user is responsible foekping the load within theegulator,generator andengine capacity.
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VII. INTELIBENCONFIGURATION

IntelliGenis configured in categoriegach category isontrolledby a packet from the communications ICD
The configuration windovhas a tab for each category; angkettop of the windowhascontrolscommonto
all the configuration categories.

A. Changing configuration data

Each timdntelliGenboots up the configuration is locked and cannot be changed without first unlocking. This
is a safety mechanism to prevent unintended changes. To change configuration, you first unlock the
configuration using thé&Jnlockbutton at the top of the configuration windowyou danot need to unlock to

start the engine or generate electricity

TheSendbutton is used to send the configuration data of the active taintelliGen TheRequestutton is
used to request the configuration data of the active tab frémelliGen Typically, you will not use these
buttons, as editing the data in the tab will trigger an immediate send of the data,lriediGen will
immediately respond with the updated datdihe Openbutton reads configuration data from a file, for the
active tab, and sends it tmtelliGen

Configuration n
Send | |§F‘.equest l Open | | Lock H Locked HiUnIuck l

,l'(i Generator \,u,r Control \'lul'r Power 1{ Comms w,u,r Sb:urageﬁ'll,

Figurel8: Global features of the configuration window, with the configuration locked.

When sending or requesting data the buttons will turn red while waitingrftailiGento respond. Seeing the
button turn red and back is confirmation that the displayed configuration data are up to date. Any time you
send configuration data (iftelliGenis unlocked) the data are immediatglyocessed but will only beritten

to nonvolatile storagéf the generator is not spinningr if the system is disable®therwise,you will need

to send a store settings command when the generator stgpe sectiorY.Cfor more information.

If you send a configuration change packetntelliGenthe display software will buffer an undo packet. The
undo packet is the packet thagturnsthe configuration to the state it was prior to sending the configuration
change. You can undo a configuration change by using the keyboard shortatortdy selecting thElndo
command from theCommmenu EectionV.Q. If you perform an undo operation a redo packet will be
buffered by the software. A redo is simply an undo of an undo. You can redo a change by using the keyboar
shortcut ctrly, or by selecting th&kedocommand from theCommmenu. Undo/redo is not a feature of
IntelliGenitself, it is entirely within the display software. Restarting the display software will clear the buffers.
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B. Generator

The generator configuration describes the generator hardware, including electrical constants and limits of

operation.
1. Windings ,."ri Generator w"u'r Control ~.,|“|,r Fower \'u"’ Comms W"I“I"F Sb:urageﬁ'll
.pe Windings Generator Temperature
1 Voltage specifies the voltage ? g
constant of the generator in Volt  Veltage [10.00VARPM 5| Type Thermistor v
per 1000 RPM. Torgue  |0.050 NmjA sl T=[mc 2] [so00a 2] e=
1 Torquespecifies the torque constar  g.gstance [0.100 0 o g Wizard. ..
of the generator in Newtormeters pole pairs |3 3
ole pairs - ) -1 =
per Amp of current. A |0.000830746023 K |
1 Resistance specifies the windinc B |0.000233209183K* [ 2]
NEaAaulyosS 2% C |-0.000000000001 K- |2
Winding resistance is measure
I C) NP & 3 I y- & L] g 2 Limits HV Battery Temperature
leads. Speed Limit Type |Thermistor ~
permanent magnet pairs on th . . .. = n _
. . - Beta _4288K - Wizard...
motor. This parameter is used t _
translate the angular position an  PeakCurent (1004 A |0.000830746023 K [2]
velocity from the electrical to the  PeskTime 3.0s S B (0.000233209183K-* &

mechanical reference frame. TF
number of pole pairs on a BLL
permanent magnet motor is the
number of magets on the rotor

Hot Temperature
5.00%/C %

Temp Derating

C |-EI.EII:IEIIIIEII:IEIEIEII:IEII k-t

-
-

Figurel9: Generator configuration.

divided by two.

2. Generator and HV Battefiemperature Senser

There are two external temperature sensor inputs, one for the generator temperature and one for the HV
battery. Theconfiguration options are the same for each.

1 Sensor typspecifies the temperature sensor typs one ofNo SensqQiRTD Senspor Thermistor If No
Sensoiis selected the other temperature settings are ignorétie display layout will change based on
the type of sensor that is selected.

1 Treds the temperature in Celsius at which teensor will have resistance equalaer

1 Kredsthe resistance of the sensor at tieetemperature.

3. Conversion of Thermistor sensors
Thermistor sensors argpecified with three coefficientd\( B, O from the Steinharhart model.
TruermisTor (1 + (A + BxIn(R) + & (In(R)Y)) ¢ 273.15

The Steinharhart (SH) model is an extension of the more common Beta model that is specifiedragth
Mger and the shape constaleta If you only know the Beta constants you can enter those, and the software
will compute the equivalent SH model coefficients.
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& Thermistor Calculator x | Ifyou have atable of resistances versus temperature yo
use thez A | | NURofi to enter those values and

To [25.0C || e [s0000.00 [ A 0.000830746 software will compute the SH model coefficients from th
The software will also compute the Beta model coeffici
for clarity.

T [85.0C 5| 04 (449350 [ B 0.000233209

Tz [145.0C 5| 02 soe.30 |5 c 9.80288e-13

K, Cancel B 4238.0

Figure20: Thermistor calculator wizard

1 Betagives the beta constant of a thermistor sensor. The formula LY
. . o : A €
calculatingBeta is givento the right 'Y and’Y correspondto the T Y
resistance in Ohms at the temperaturééand”Y in Kelvin. P P
N Y

4. Conversion of RTD sensors

RTD sensors are specified with a reference temperatltes( a reference resistancemgeg, and a
temperature coefficient of resistancd CR Platinum RTDs will typically hav@rarof 0C, awsrerof 1000w,
and aTCRof 0.00385wWMWC. The temperature is computed based on seevalues, and @allendar second
order coefficient of 1.5

Temperature sensor a =mgerx (-1.5 x TCR 10000

Type |RTD Sensor w b =mrerx (TCR + TCRL.5+100)
Te= [25¢ 2] (500000 |4 Qe

C =Mrer R
Trro= Trert (b + (-4 xaxcf9) +(2xa)

ry

TCR |0.0000000 2/Q/C ]

Figure21: RTD sensor constants

5. Limits

1 Speed Limits the reference used ttrigger an overspeed error as well as locdhe red portion of the
speedometerlin the gauges windowrT his value is not used in the control of the generator.

1 The generatoioltage Limitsthe maximumeffectivevoltage that the generatocanhandle.This value
is used in the feedback control of voltage, ahthe voltage of the rectifier exceeds thialue,the Gen
Voltserror will be triggered.

1 Current Limiis the maimum continuous currenthe generator is allowed to consume or produdde
current limit affects the load shedding logic.

f Peak Currenspecifies thed S y' S NXeinpgbriddpraaximum allowal# current for thetime duration
specifiedin the Peak Timeetting

1 Peak Timesetsthe amount of time which the systemanoperate at thePeak Currenlimit. When the
system has operated at or above the current limit for fheak Timehe currentlimit will be reduced
below the limit to protect the hardware.

1 Hot Temperaturalefines the temperature above which the continuous and peak current limits will de
rate according taremp Derating

1 Temp Deratingets how generator current limits wikducewith temperature.The derating is given as
a percentage change in the current limits for every degree Celsius abovothiEemperature
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C. Control
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The control category defines the logic and feedback control systems used for commutation, engine starting,
voltage, and current control.

j'r ISn?_r1v.=_~ratu:J-r\'I“.Ilr i Control U F"u:lﬂ.m.rvarﬁ'lul'r Cu:l-mmsw'lul'r 5torage1

I Enables Voltage Control Commutation

] Ignore Enable Forward |'I]I.'D % S | Frequency
L] Ignore Start Enable Pro Gain |1.{H]}%.-f"u‘ 5 | Min Duty
] lgnore Start Command Int Gain |P_'I].{H}|] W/ (Vs) (= | Max Duty

Rate Lirmit | 1000 %/s |+

Advance

Current Control

Filter cutoff |10.0 Hz a3
[] Reverse
Forward (0.0 % g
Prol Gain  [1.000%/A 3]
Engine Starting Int Gain  |20.000 %/(As) 3]
[] Advanced Control :
[ Backup Battery [ HV Battery Sensing

Beep duty RPM Control Type Prefer Hall
Baclkwards duty Pro Gain |'D.'D'I{H]Mrpr‘r1 S | Bemf min m
CrankingSpeed  [2000rpm [5]  IntGain [0.0500 A/(rpms) [5|  Hall shift

Cranking Time Der Gain |'D.{H}DDMrpm,"5 5 | (] Hall order change

Figure22: Control configuration.

1. IO enables

1 Selecting thdgnore Enablgells IntelliGen to ignore the 10 Enabigut ¢ treating the input as always
enabled.

1 Selecting thdgnore Start Enablevill ignore the 10 Start Enabieput - leaving the system enabled for
starting.

1 Selecting thelgnore Start Commanawill limit IntelliGen to only accept a start command from the
communications interface.

2. Engine Starting

1 TheBackup Batteryoption will close theBackup starswitchwhen a start command is received, using
power from thebackup batteryto crank the engine.

1 TheHV Battery option will close theHigh voltagerail switchwhen a start command is received, using
power from thehigh voltagerail to crank the engindf both HVBattery and Backup Batteryare selected
IntelliGen will use the source with the higher voltage.

1 Beed dutyis the duty cycle to use for the 2 second warning tone before the engine craBleegdfdutyis
0% the warning tone will be skipped.
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1 Backwardslutyis the duty cycle to use for the 1 secomderseoperationto make sure the engine is not
against compression prior to crankingBHckwardsluty is 0% theeverseoperation will be skipped.

1 Cranking Speed the target speed to crank the engine. Feedback control of the generator current is used
to maintain the crank speed.

1 Cranking Timeéefines the duration for which a crank command is valid. The cranking state may be exited
before this time elapses if the generator begins producing current, otherwise engine cranking will
terminate whenCranking Timelapses.

3. Voltage Control

Voltage control adjusts the winding duty cycle to achieve a desired bridge voltage. Increasing the winding
duty cycle wildecreasehe bridge voltage and vice versa. The error in bridge voltage is normalized according
to the voltage limit, the generator speed, and voltage constant.

)l
)l

4.

W
O OB TTPY D O
Forwardis the percentage applied to the estimated duty cycle that depends on the generator voltage
constant and RPM. 100% will cause the voltage control to aggressively respond to RPM changes; and O
will cause the voltage controller to operate entirely usinggwrtional and integral feedback.
Pro Gains the feedback gain from normalized voltage error to duty cycle, in units of %/V.
Int Gainis the feedback gain from the integral of normalized voltage error to duty cycle, ingo/(V

Current Control

Current control adjusts the winding duty cycle to achieve a desired current. Increasing the winding duty cycle
pushes current into the generator windings and vice versa.

T

T

= =4

Filter cutoffis the cutoff frequency of the low pass filtapplied to allthe current measuremernst Use

zeroto disable the low pass filter.

Forwardis the percentage applied to the estimated duty cycle that depends on the generator voltage
constant, RPM, and winding resistance. 100% will cause the current control to aggressively respond tc
RPM and current command changes; and 0% will cause the twwatroller to operate entirely using
proportional and integral feedback.

Pro Gains the feedback gain from current error to duty cycle, in units of %/Amp.

Int Gainis the feedback gain from the integral of current error to duty cycle, in units of %K8ymp
AdvancedControlis an option that enables a dynamic estimate of generator kank This estimate is

used in the control law, and is used to window the pwm limits to more aggressively limit the current.

If the feedback gains are zero, the current control will determine the duty cycle using a simple proportion of
the commanded current to the peak current limit.

5.

RPM Control

The RPM controller commands generator current to achieve a desired engine RPM for starting.

T
1
il

Pro Gains the feedback gain from RPM error to current command, in units of Amps/RPM.

Int Gainis the feedback gain from the integral of RPM error to current command, in Amps{&RPM

Der Gainis the feedback gain from the rate of change RPM error to current command, in units of
Amps/(RPM/s).
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6. Commutation

= =4 =4 -4

= =4

Frequencyets the frequency at which the windings are choppedcfontrol.

Min Duty specifies the minimum allowable duty cyepplied to thewindings

Max Duty specifiegshe maximumallowableduty cycleapplied to the windings

TheRate Limitetting specifies the maximuallowedrate of change of duty cycleer second This rate

is appliedequallyto both positive and negative changes in duty cycle.

Advancesets the angle by which theommutation phase leads the estimated electrical phase of the rotor
Reversereverses the commutation sequence, causing the generator to commutate (and hence spin) in
the reverse direction. ThReversesetting must be chosen to match the engine direction of rotation.

Sensing

Typespecifies the type of rotor position sensing: onéPoéfer HallPrefer BemfOnly Hall or Only Bemf

Hall refers to hall position sensors, and Bemf refers to {sank sensorless position detection. When
using a preferred option either sensor type is available, and if both sensor types are healthy the preferred
option will be used.

Bemf mingives the minimum rotor speed at which baeinf sensing can be used. Below this speed bemf
sensing will only be used if the hall sensors are not healthy.

Hall shift offsets the commutatiorstate from the state reported the hall sensorsThere are six possible

hall shifts (0 through 5), reflecting the smalid states the hall sensors caeport. TheHall shift is a
software method of dealing with incorrectly wired hall sensors and is normally O (i.e. no shift).

Hall orderchangé 2 3AOF f t & &gl LA GKS ! FyR 2 KI fHallcédey a2 N
changeis a software method of dealing with incorrectly wired hall sensors and is used in conjunction with
the Hall shiftto align the sensors with the generator phases.
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D. Power

Power configuration sets the limits and targets for current and voltage of the systéelliGen measures
the voltage and current for all the power inputs and outputs of the system (genefatgr,voltage railgnain
regulator,backup batteryand system outpyt and willattempt to limit the outputs of the system to stay
within the limits defined in the poweand generatoiconfiguratiors. IntelliGen can affect the powdlowing
through the system in the following ways:

1 By adjusting the duty cycle applied to the commutation FHigher duty cycles will reduce the bridge
voltage and drive current towards the generator, and vice versa.

1 By opening or closing the switch on the high voltage Veiien the switch is closed the high voltage rail
is connected to the generator rectified DC rail.

1 By adjusting the current limit of theainregulator; or disabling the regulator entirely.

1 By enabling or disabling tHe/Aand/or LVBlow voltage regulators.

,l'rGer‘leratu:ur"’\,l‘r Control\;’f iPDwer \f T|"IErI"r'IE|“\}'r Currer‘l'cs"'\,l'r Comms\f Storage\

Regulator and HV Switch Enables Generation limit (A) B
Disabled Mot Generating Generating - +
LV A Regulator LV A Regulator LV A Regulator RPM Amps |
LV B Regulator LV B Regulator LV B Regulator 2500 0.0
D Main Regulator Main Regulator 35000 2.0
4 -
[ Shore Power Shore Power HV Power 5000 &0
=z
Voltages Current Limits =
E
HV Charge 50000V [5]  HV Augment =
HV Maximum 51.000V 2] HV Discharge
2 —
HV Close Threshold [0500V  [2]  HV Charge
® 285LFP Backup Batt Charge (204 |5
Regulator setpoint |
O 20U Main Regulator 1004 =
HV is Battery
Regulator cutput has 0
Resistance 0.1000 s no battery in parallel T T T T T 1
D Expect continuous HV loads D Regulator limit follows load 2,500 3,000 3,300 4,000 4,300 3,000

RPM
Figure23: Power configuration.

1. Regulator and HV Swit&nablesDisabled

Thesecheckboxesontrol the enable status of the regulators and high voltage switch when the operation
mode isDisabled In this mode power to the main regulator can only come via the high voltage power rail (if
the switch is closed).

LVA Regulatorshould be set to enable the first low voltage regulator.
LVB Regulatorshould be set to enable the second low voltage regulator.
Main Regulatorshould be set to enable the main regulator

1
1
1
1 Shore Powecloses the high voltage power switch if voltage limits are met.
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2. Regulator and HV Switch Enables: Not Generating

Theseswitchescontrol the enable status of the regulators ahigh voltaggpower switch when the operating
mode isNot RunningSpinningBeepingor Cranking Power to the low voltage regulators can come from the
backup batteryor the main regulato.

1 LVARegulatorshould be set to enable low voltageregulator.

1 LVBRegulatorshould be set to enable low voltadggregulator.

1 Shore Powerloses thehigh voltagepower switchif voltage limits are metif the high voltageswitch is
closedby this option, and if the main regulator is enabled for the generating case, the main regulator will
also be enabled in the not generating casmaking it possible for shore power to supply downstream
devices

In the Spinningnode of operation, the generator is nobrmallyintended to supply current, and accordingly

all thecommutationFETs are open. This is to facilitate engine starting, and prevention of engine stall at low
speed. However current can still be supplied by the generator through the FET body diodes (in the same wa
as a sidiode bridge rectifier).

To prevent feeding the main regulator through the FET diodesdbalator is disabled in this state unless
the high voltagegpower switch is closed by the shore power option. Howeyeu, can override this logic with
the Regulatoroutput has no battery in parallebption. This should only be done if there islrackup battery

3. Enables (generating)

These switches control the enable status of the regulatorshagll voltageswitch when the operating mode
is Generaing or Augmenting

1 LVARegulatorshould be set to enable low voltage regulater

1 LVBRegulatorshould be set to enable low voltage regulai®r

1 Main Regulatorenables the main regulator which provides power to the LV regulatorspéukup
battery, switched outputand thesystem output

1 HVPowerenables thehigh voltagepower switch when the generator is running.

4. Voltages

At any giverspeed, the generator has a back EMF that depends on the voltage constant of the wiitiegs.
backEMF is the bridge voltage thagsults from 100% duty cycle. Reducing the duty cycle will cause the
bridge voltage to increase; hence it is possible to boost the bridge voltage abomattivalback EMF of the
generator, but it is not possible to reduce it.

IntelliGen measures both the bridgmltageand the voltage of thdiigh voltagepower rail. When thehigh
voltagerail switch is open these voltages can be different, but when closed they will be the same voltage.

1 HV Chargédefines the desired voltage of the rectified generator outgtithe high voltage rail is a battery
this is the final voltage of the charge profile

1 HVMaximumsets the maximunbridgevoltageat which thehigh voltagepowerrail switchcanbe closed.
The high voltagepower switch will be opeed to protect hardware on thénigh voltagerail if the bridge
voltage exceeds this value.

1 HVClose Thresholsets the maximum difference between the bridgmltageand thehigh voltagerail
before thehigh voltageswitchcan be closed

www.power4flight.com sales@power4flight.com 30



http://www.power4flight.com/
http://www.power4flight.com/
mailto:sales@power4flight.com

741\
www.power4flight.com \ &

1 Regulator setpoin28.5LFPor 25.0 Li-lon selects if the main regulatas setfor 28.5V output o25.0v
output. Theformer is appropriate for an -8ell lithiumiron-phosphate battery, while the latter is
appropriate for a €cell lithiumion battery.

If HVis batteryis set an additiondlmit is also implied: if the generator duty cycle comes within 0.5% of the
maximum duty cycle limé&nd the HV current is greater than desirda high voltage switch will be opened.
This extra precaution is to preveavercharging a connected battery duedrcess generator EMSimilarly,
when closing the high voltage switchHY is batteryis set, the duty cycle used to control the bridge voltage
must be 3% or more less than the maximum duty cycle limit.

5. HV is Battery

1 HVis batteryshould be checked if the high voltage rail is connected to a battery, allowing IntelliGen to
control current in the generator and high voltage rail via generator PWM.

1 Resistance sets the nominal internal battery resistance of the battery on the high voltage rail. This value
is used to compute the battery charge current.

1 If Expect continuous HV loads set the computation of battery charge current will use an integral term
to make up any error caused by continuous loads on the HV rail.

6. Current Limits

The generator current limits specified in the power configuration define the limits that must be obeyed to
keep the internal combustion engine from stalliagd protect the high voltage railhey are different from

the absolute limits specified in th&eneratorcategory, which define the limits that must be obeyed to
protect the generator hardware.

1 HVAugmentsets the maximm current that can gdrom the high voltage raiinto the generator for
augmentingengine shaft power. This limit only applies in tiggmentingmode of operationand only if
HV is battery

1 HVDischargesets the maximum current that can go from the high voltagemsalthe main regulator for
supplementing the generator output. This limajpplies in all modes of operatipexcept theBeepingand
Crankingmodes, whichare limited only by the generator current limit.

1 HVChargesets the maximum current that cago into the high voltagerail. This value is used setan
error bit, and to limitthe battery charge current iflV is battery If HV is not a battery this limit sets the
point at which the high voltage rail switch will be open&dis limit applies only in th&eneratingmode.

1 Backup Btt Chargesets the maximum current that is allowed to flow into thackupbattery. If the
battery charge current exceeds thialue,the regulator current limit will be reduced to obey the limit. If
this limit is set to O the battery charge current feedback loop is disabled.

1 Main Regulatoisets the maximum current that can flow out of the main regulator. This value is used to
set an error bit, and to cap the current limit of the main regulator.

1 Regulatoroutput has no battery in paralleindicates that the output of the main regulator ot in
parallel witha backup battery Setting this option implies if the regulator reaches its current limit, it will
simply brown out. Accordingly, when set, the regulator curremit feedback is disabled. Instead, the
current limit is fixed approximately dlain Regulator Additionally, the regulator cannot be disabled
(unless the system is unlocked), since doing so would shut down any downstream detiug®ptfion
is set theHV DischargeMain RegulatorandBackup Bitt Chargecurrent limits do not affect the control
of the system, they simply set error bits.
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1 Regulatorlimit follows load should be set to keep theegulatorcurrent limit just above the measured
regulator load Doing this will soften the appearance of a sudden electrical load by limiting the current so
it can only increase at a rate of 2 Amps per second.

7. Generation limit

The generation limit is a table that specifies the maximum current the generator is allowed to produce as a
function of the speed of the generator. This current is typically much less than the peak current the generator
can tolerate; it is intended to lirhthe torque the generator can apply to the engine to prevent the engine
from stopping due to electrical loadhe generation current limit is computed by linear interpolation of the
data in the tableThe table has a minimum &frows, and a maximum of I'®ws.

1 The first row of the table sets the speed below which IntelliGen will exitxbeeratingstate and go to
the Spinningstate.

1 The second row of the table sets the speed above which IntelliGen will ex@pimaingstate and go to
the Generatingstate.

1 Use theg button to remove selected rows

1 Use thet button to add rows.

Rows can also be added or removed by Hglitking on the table and selecting from the context menu. The
values in the table cells can by changed by dogbtking on a cell, or by direct keyboard entry in a cell. The
chart to the right of the table prades a graph to show the shape of the generation limit curve.

When adjusting the first and second rows of the table it is important to make sure that the generator does
not overheat. Because thactive rectifieris being controlled to output a constant voltage the PWM duty
cycle applied to the generator will be inversely proportional to the generator speed as well as the boost ratio
of generator phase current to rectified DC current. This means that the genesaless efficient at slower
speeds for a given rectified DC current. Additionally, the airflow over therggor is often the dominating
factor that determines generator temperature. Take into consideration the fact that the propeller induced
airflow on a test bench may well be quite different from the combined airftmer the generatomwhen in

flight at a given RPM.

8. Battery charge profile

WhenHYV is batteryis set IntelliGen will compute a battery charge current as an input tchtgk voltage
current control law. The battery charge profile is designed to work with Lithium chemistry batteries, which
charge at a fixed current until the voltage reaches a setpoint and then maintain a constant woitdgbe
current reduces to zero. A typical lithivion battery cell will safely charge at a currentlod C with a charge
termination voltage of 4.2V/cell. Typical lithium iron phosphate ba#ierare similar but use a charge
termination voltage of 3.7V/cell. Overcharging a lithium battery is dangerous and can lead to catastrophic
battery failure.

IntelliGen implements the charge profile using three configurable numbersHWeCharge limjtthe HV
ChargeVoltage and the Resistance These numbers are combined with tmeeasured HV voltage to
determine the desired charge current according to:
oO@i QQ «a 'Qé("(")”d')‘ Ow O
V0T ol 0 6E 68
Note that if the measured HV voltage is greater than the configured charge voltage the charge current will
be negative, which will cause the battery to dischatgeil the measured voltage is equal to the charge
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voltage This is by desigtp prevent small errors in the current or voltage measurement from causing the
battery to be overcharged.

Battery charge model for 50V, 5A, and 0.1Q
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5.000 55.000

g 4,000 50.000
2 =
g o
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£ s
3 2
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Figure24: Battery charge profile shape for 50V lithium ion.

The values for the three numbers that control the charge profile should come from the battery details: the
chemistry and number of celtieterminethe charge voltageandthe capacity of the battery determines the
charge current limit TheResistancéerm sets the shape of the current asymptote as the battery reaches its
termination voltage. A small resistance value will cause the battery to charge at the current limit until the

voltage is close to the termination voltage. A large resistance vallecake the current to taper off
gradually.
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E. Comms

IntelliGenhastwo communications interfaces: 32 Universal Asynchronous Receiver Transmitter (UART,
i.e. serial), and Controller Area network (CABYth interfaces are simultaneously active. A message sent to
one interface will (typically) elicit a response on all interfaces. Details of the communications protocol can be
found in the communications ICD, which can be accessed from the display softwasectenV.F

,I'rGenerah:ur \'u'r Control \'u"’ Power \'I,,;"ri Comms 1{ Smrageﬁ'll

[] set all to Default Summary Packets Telemetry

Telemetry rates Tx ont 74 Rx cnt 11
Fastrate Slow rate Lt

Tx buf full  Rx Failures IEI_

LJART configuration
) CAM
Bit rate 57600 o
[ Mo errar
CAN configuration REC 0 TEC |III—
Bitrate 1M |:| Mo Config Bus off Error passive
IDin Ox1C000001 = |:| Disable in Warn limit  CAM Tx cnt | 19

D out [ ] pisable out Tx buf full Rx Failures IIII_
shift Long ID

[ ] Packet-over-CAN Smooth

[ ] Disable Auto Discovery

Figure25: Communications configuration

1. Set All toDefault

Check this option to set all communications configurations to default values. Once checked you will not be
able to change any other options on this window. Default communications run the UART at 57600 bits per
second, and the CAN interface at 1Mbit. Thé\GAterface will be configured for native protocol, using long
identifiers (29bit), with the lower 16 bits of the identifier equal to the serial number.

2. Summary Packets

Check this optiorio group all the telemetry into a single packet (one packet for fast telemetry, and one
packet for slow telemetry), reducing bandwidffihbe summary packebption ison by default. This option
does not apply to the CAN interface, unless the CAN interfacP&esetOver-CANselected.

3. Telemetry rates

IntelliGenhas two types of telemetry outputs: fast and slow. Fast telemetry is suitable for output at high
rates, up to 200Hz, and contains only fast changing information (sucbl@ge current,and RPM). Slow
telemetry is intended to be output at a reduced rate, and contains a larger set of information, including all
the sensor data. The default fast and slow telemetry rates are 20 Hz anddsplectively.

1 Fastrate is the frequency at which fast telemetry will be sent.
1 Slowrate is the frequency at which slow telemetry will be sent.
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If you select a baud rate (UART or CAN) which is too low to accommodatgdioé fast and slow telemetry

the rates will be adjusted down until the expected bandwidth fits the available data rate. The reduction first
affects the slow telemetry rate, until that rate is 1Hz, then it reduces the fast telemetry, down to 1Hz if
necessary

4. UART configuration

Bit rate is used to select the UART data rate in bits per second. The default is 57600. If the display software
is connected via serial interface, changing the UART baud rate will cause the display software to wait 10(
milliseconds before changing its own sendérface baud rate to match the new baud rate.

5. CAN configuration

The controller area network (CAN) transmits data in frames, and each frame has an ideh@ifEx frame
identifier is formed by combining a base identifier with the packet type. The combination is done by left
shifting the packet type, and GRg with the base ID. The base ID for input and output are typically different;
and if multipleGENsystems share the same CAN bus they must have different base IDs. In addition, the base
ID should have zeros in the six hieserved forthe packet type, see the commications ICD for more
information.

If the display software is connected via CAN interface, changing the CAN configuration will cause the displa
software to wait 100 milliseconds before changing its own CAN interface to match the new settings.

1 Bitrateis used to select the CAN data rate in bits per second. The default is 1 million bits per second.

1 No Configs used to indicate that configuration change and request packets will not be supported on the
CAN bus. Only command and telemetry packets will be supported. All command and telemetry packets
are small enough to fit in a single CAN frame. Note that oncehyave set this option you cannot clear it
(or change any configuration parameter) unless you connect via UART.

1 Long IBshould be selected to use CAN protocol 2.0B, which allocatbg®2f the CAN identifier. lfong
IDis not selected the CAN protocol is 2.0A, which allocatdsits1o the CAN identifier.

1 Smoothshould be selected to spread transmit CAN frames in time rather than bursting them out as fast
as possibleSmoothwill increase the telemetry latency slightly but reduces the buffering requirement
for receivers of CAN telemetry.

1 Shiftis the number of bits to left shift the packet type when-DB with the base ID5hiftcannot be more

than 23 bits for long identifiers or more than 5 bits for short identifiers.

ID ingives the base CAN identifier used for input CAN messages.

Disable indisablesthe reception of CAKhessagesvith the ID inidentifier.

ID outis the base CAN identifier used for output CAN messages.

Disableout disablesthe transmissiorof CANmessages

Packetover-CANforcesintelliGento send all CAN packets using the paeketr-CAN schema (see the

communications ICD for details). Ordinarily paeteer-CAN is not used unless the packet contains more

than 8 data bytes. Selecting this option will make the CAN bus less efficientwilutéduce the number

of identifiers thatintelliGenuses on the bus (one or two identifiers, depending dBiinis different from

ID oud.

1 Disable auto discoverguppresses the output of CAN frames used by receivers to automatically discover
how to talk to IntelliGen over CAN.

= =4 -4 -4 -4

www.power4flight.com sales@power4flight.com 35



http://www.power4flight.com/
http://www.power4flight.com/
mailto:sales@power4flight.com

7B
\N Z

www.power4flight.com

6. Packet counters
IntelliGenmaintains packet counters, which roll over after 255.

1 Tx cntcounts the number of native packets sent over UART.
1 Rx cntcounts thenumberof native packets received from any interface.

7. UART errors
The UART interface maintains these two error flags.

1 Tx buffer fullis set if IntelliGen was unable to transmit all its data on the interface during the last slow
telemetry epoch.

1 Rxfailuress a counter that indicates how many packets received over the interface were invalid (i.e. had
a CRC failure) during the last slow telemetry epoch.

8. CAN errors

The CAN specification includes a detailed error mechanism that dictates how a CAN device detects an
handles errors on the bus.

1 REG s the receive error counter, which increments each time a @ANMe is incorrectly received. It
counts down anytime a CAflkame is correctly received. THREGhould be 0 iintelliGenis operating
normally on a CAN bus.

1 TEQs the transmit error counter, which increments each time a transmitted @aAMe sent was not
acknowledged by théus anddecrements each time a transmittéfdame was acknowledged. THEEC
should be 0 ifntelliGenis operating normally on a CAN bus.

T ¢KS Y2aid NBOSyld /!b o06dzaA SNNRN A& 3IAGSY o0St2g
G! O1ly26ft SRISYSYGé£T 4. A0 NBOSaaA@dSésr 4. A0 R2YAY

1 Bus offis set if the error counters have reached the bus off limit.

1 Error passivaes set if the error counters have reached the passive error limit.

1 Warning limitis set if the error counters have reached the warning limit.

In addition to the errors given by the CAN specificatiotelliGenmaintains two other error flags for the
CAN bus:

1 Tx buffer fullis set ifintelliGenwas unable to transmit all its data on the CAN bus during the last slow
telemetry epoch. This will happen anytime the CAN bus is disconnected or is overly congested.

1 Rx failuress a counter that indicates how many packets received over the CAN bus were invalid during
the last slow telemetry epoch. Since small packets (8 or fewer data bytes) are handled directly by CAN
messages this failure counter only applies to large pacletsising packebver-CAN.
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F. Storage

IntelliGen stores configuration parameters and generator wear information in flash on board the main
processor. Manipulating the contents of flash is a lengthy process which cannot be done while the generator
is commutating (the generator is commutating if it is spinning and enabldfl you make configuration
changes while the generator commutatingthe changes are not written to flash and will be lost upon a
subsequent reboot unless they are savethe error indicator in the main toolbar (and the ersarvindow,

XA @Attt AYRAOF (S a{s@eFigi26b SSRSR¢ Ay GKIFG OF &s

10 Enable | | User Enable || Generator Enable | | Regulator Enable | | HY Enable | | Heater | | Store Needed | 00:13:12.48

Figure26Y al Ay (22t 0k NJ AYRAOIGAY3 a{G2NB bSSR:

If the generator i:i0t commutatingwhen you change configuration the new configuration packet is written

to flash immediately. This process is done without erasing the contents of flash, instead the changes are
appended to the end of the settings flash block (and the earlier configurpBoket zeroed). The flash block

is 128 kB long, so many changes can be made before the blodk Essentuallyhowever the settings block

will be exhausted, and subsequent changes cannot be stored toviélsbut first erasingInd K & Ol a S
bSSRSRé¢ gAtf F3ALAY 0SS AYRAOIGSRE IyR GKS RIGF C
window, or from the Comm menu).

,I'rGenerah:ur \'u"’ Control ~.,|“|,r Power \'u'r Cnmmsﬁ'u'(i Storage ﬁ'l.l

Settings storage Settings mismatch check
Save All... | |Discard...|  Settings Hash |0x00000000 |Disable Mismatch Check|

|Clear All.. | ActualHash | Ox5AF26A1D | Set Configuration Valid ]

Configuration file and comment

|Change Comment...] |Examplecnnﬁgﬁle.gen |2I323f3f2?

This is an example comment.

You can have multiple lines in a comment!

Figure27: Storage configuration.

1. Settings storage
¢tKSaS O02YYIYyR& IINB F2N) YFyALWzZ FdGAy3a GKS aSddAay-:
executed whee the generatoris commutating
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f Save AK stores the current configuratiogettingsto IntelliGerQ a T f | & Khe ¥a8eYaR dypdration

will first erase the flash data space and then write all the settings. If power is lost during this operation
the settings maye lost

Clear AIK reverts thesavedsettings on IntelliGea a  mémorgldack to the factory defaults.

DiscarK deletesany temporary changes that have not been saved to flash and returns to using the
settings stored in flash memory.

= =

2. Settings mismatch check

Once you have arrived at a final configuration you should use the b@&&rConfiguration ValidThis will
commandintelliGen to store the hash of the current configuration, finishing by lockimglliGen will track

the hash of the actual configuration and compare it against the stored value. If a mismatch occurs the
parameters mismatch error is asserted, letting you know that something has chémgedhe last known

good configuration.

The hash that was stored is given in Bettings Hasldisplay. The hash that was computed from the current
configuration is given in thActualHashdisplay. You can disable this error check (for example dimitigl
setupwhen configuration is changing frequently) by using Bisable Mismatch Chedbutton.

3. Configuration file and comment

#® Change Comment w | A comment can be added to the configuration data.
comment is not used by IntelliGen and is only provided ¢
aid for configuration management. Push th€hang
This is an example comment. I 2 Y'Y S yuiton to be prompted for a new comment, <
Figure28.

In addition, a file name and date can be stored to indicate
source of the configuration data. Se¥Il.H for more
information about configuration files.

You can have multiple lines in a comment!

Cancel

Figure28: Change comment prompt.
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G. Configuration files

Configuration files store the same information thiatelliGen keeps in its nofvolatile storage. You use

7B
\N Z

configuration files for configuration management, and to move configurations fromraaiGento another.

1. Saving configuration files

When using the file men8avelntelliGen/ 2 y FtlAe3oftware will ask
what information should be savedtach check ikRigure29represents a
aAy3atsS LI O1SiQa g2NIK 2F AyF2N
convenience, the configuration data are separated into categories;
you can turn an entire category on or off using #déor None buttons.

When selecting a file to save you have a choicel®f fiS E (i S gee€
(the default)?2 Nyedesté ®KS dad3aISy¢ FAES ad
an orderindependent series of binary packets, exactly as documel
Ay GKS O2YYdzyAOFIGA2ya L/5d ¢KS
as a human readable text file with a line of text for every field
configuration data.

If you overwrite an existing configuration file, only the selected data

#® Save in MyGenConfigFile.gen X

Configuration

All | | Mone
Generator hardware data
Generator control configuration
Power generation configuration
Communications configuration
File name
Comment
Configuration validation

overwritten, any other configuration data that were previously in the

. . . ' X Maintenance
will be preserved. In this way it is easy to update one configuratior
with pieces of information frm another file. o [
Generator wear
Cance

Figure29: Configiration savewindow.
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2. Opening configuration files
When using the file men@penintelliGen/ 2 y FTtheZoftware

#' Read from test.gentext *
will first check what data are in the file and then ask what shc
be read from the fileln Figure30 the file contains an incompleti |  Configuration
set of data. You can deselect any of these items to further win 4 [Noe
what information is read from the fildf IntelliGenis online the
display software will sendthe selected configuration data Generator hardnare data
otherwise,the display will be populated with the dal@adedfrom Generator contral configuration
the file. The software automatically determines if the configurati Power generation configuration
data are stored in binary or text format based on the file extens| Communications configuration {missing)
File name

Comment
Configuration validation

Maintenance
Al | | Mone

[] Generator wear

Cancel

Figure30: Configuration open window.

3. Comparing configurations

The file menucommandComparelntelliGen/ 2 y ¥dpéhXthe configuration comparison windowhe
configuration comparison allows you to compare two configuration files, or a single file can be compared
against the configuration of thimtelliGen

¥ torifigurationCompafiton « |1 { St SOG TshubkH to setedt fthS Hrst file

compare.

(] Use IntelliGen data  Selectsecond file... | 1 UselntelliGendata should be selected to compe
the first file againstntelliGen rather than a secor
file.

T { St SO0 a BOYR sefa theSs¥cond
to compare.

\First source versus \Second source

Once the file(s) are selected the comparison win
asks what parts of the configuration should

compared, using a window likéigure31. Each field «
the selected configuration is compared, and

differences are reported as text in the compari
window.

Figure31: Configuration comparison window.

InFigure35( KS 02y T A axdrhalecpifigfiiert A B 5 &4 G O 2 Y LIntdlli&&hanid ébhfiguyation
differences were found in th&enerator Control Power, and Communications categorids you want to
save the difference report copy the text directly from the window.
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#® Configuration Comparison *

Select first file... Use IntelliGen datg ~ Select second file...

|C:,|'Usn.=-_rs;‘billw"F'nwer"IFlightﬂntelliGen Display/configfexampleconfigfile.gen  versus |InteliGen data

Generator:voltageConstant 10 'Y

ControliignoreloStartCmd '1''0°
Control:crankSpeed '2000" 2200

Power:altPowerIsBattery '0''1'
Communications:slowTelemetryRate '1' "2

ConfigHash:actualParameterHash ‘2171067372 '603599387

Figure32: Configuratiorcomparison report.
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VIII. FAULTDETECTION ANBANDLING

IntelliGenhas hardware and software features for detecting and handling faults
A. Faults due to sensor problems

1. Hallsensor failure

IntelliGen measures rotor position and speed using hall sen$twesthree hall sensor signals have 6 valid
states (000 and 111 are invalid). In additilom any state there are only two states the sensors can move
to, one for forward rotation and one for backward rotation. IntelliGen agerta hall sensor pattern error

if the hall sensors indicate an invalid state or an invalid transition.

Each hall sensor also provides an independent measure of generator speed. When all hall sensors are workir
the measured hall sensor speed is the average of the three sensors. If any single sensor fails, the independe
speed measurements identify which sensor is bale default software configuration will switch the
commutation source from hall sensors to baakf sensing if the hall sensors fail.

2. Back emf sensing failure

IntelliGen also measures rotor position and spesthgthe voltage of the undriven phagéhe backemf)to

detect the zero crossing. This is typically used as a backup commutation source, but software can be
configured to use baekmf sensing as the primary commutation source. Bark sensing can fladue to
electrical noise, or insufficient rotor speed; in which case the hall sensors will be used as the backup
commutation sourcelf hall sensors are not available failure of the back emf sensing wik ¢hasystem to

switch tothe spinning mode of operation, causing the FETs to be opened. Once in the spinning state the
system will not switch back to the generating state until emf sensing is good again.

3. Temperature sensor failure

Temperature sensor failure is detected when the voltage is less than 1% of full scale (signal shorted to grounc
or more than 99% full scale (signal disconnected or shorted to powedgiled temperature sensor will set
an error bit, and IntelliGen will assume ttemperature is 15C.

B. Faults due to mechanical, environmental, or software problems

1. Power Fault

IntelliGensupports a special bootup mode referred to as quick restart. Iigémeratoris runningintelliGen
saves keynotor control variables to backup RAM. The contents of backup RAM are preserved for several
seconds following loss of power.

The normal bootup process fantelliGenwill take too long to kee@ generatorrunning; since the normal
process performs a code CRC chéfcluick restart is active the CRC check is skipped, andgérting
mode and PWM duty cyclare setup using the quick restart data while waiting for the configuration data
read to finish.

When quick restart is activie takesintelliGen??milliseconds to reboot and initialize to the point where it
canresume generator operatian
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2. Software fault

Every fault and interrupt the processor can generate is explicitly handled by the firmware. Unexpected faults
and interrupts result in a processor reset. As with the power fault, ifggreeratoris running,IntelliGenwill

restart quickly with key data needed to keep operating VWM and commutationin the event of a software

fault IntelliGenwill log and report the cause of the fault, the location in code where it occurred, and key
processor register values.

In addition, a hardware watchdog is used to make sure the firmware does not get stuck in an infinite loop.
The watchdog will reset the processor in the event the firmware does not service the watchdog in a timely
fashion.

During bootup, if thegeneratoris notspinning the boot process computes a cyclic redundancy check (CRC)
of the firmware and compares it against the expected value. If the CRC is incorrect the bootloader will not
allow the firmware to start running, preventing the system from operating with corrugitacvare.

3. Configuration fault

Correct operation of thgeneratoris dependent on the correct configuration data. At bootup configuration
data are read from theon-chip flash storageEach piece of configuration data is stored in packet format,
including the packet CRC, preventing the use of corrupted configuration data.

An overall configuration CRC is included which can be used to determine if any of the configuration data have
been changed since they were last validated. Mismatch of the configuration CRC sets an error bit.
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IX. ERRORS

As part of telemetryintelliGenreports regular errors andticky errors. Regular errors indicate problems
happening now. Sticky errors indicate problems that happened previously.

A. Error windows

There are two different error windows, one for the regular and one for the sticky errorsCIEagbutton on

the sticky errors window instructBitelliGento clear the sticky errors flags. Once cleared the errors will
reassert if the error condition is still present. T@&arbutton will only be enabled if there are errors that
can be cleared.

Errors n Gen Temp _ _ Board Temp
[ HeH
Gen Temp _ _ Board Temp :::t :::: e = ::;I:d:ppz
Gen volts [Nk [FTGETT Gen Amps alt volts [TGKINN NGRIN Alt Amps
Batt Volts [NOk [NGK Batt Amps ower [ N o Ao
Alt Volts _ _ Alt Amps Hall Sense _ _ Sensorless
Poner I I = Ares ectter [N I cru
Hall Sense _ _ Sensorless tings BtoreNeeded [INGRIN Test Mode
Rectifier ok [NGEN CrU
settings [TNGRINN INGEI Test Mode Generator voltage is too high

Battery is charging or discharging too fast
Configuration data needs to be stored

Figure33: IntelliGenerrors window without and with errors
Each light in the errors window can represent multiple errors for that subsystem. If you hover your mouse

over the window a tooltip will appear giving a summary of all the errors. This tooltip (for the regular errors)
is also available in the main toolbly hovering over thérrorlight. If the errors window is not visible you
can click on thérrorlight in the main toolbar to make it visible.

Generator voltage is too high
Battery is charging or discharging too fast
Configuration data needs to be stored

Figure34: Enable toolbar with an error visible.
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Table4 List of possible error conditions

Label Possible error conditions

Gen Temp | Generator is too hot, or temperature sensor is out afiga.

Board Temp | IntelliGen board temperature is too cold or too hot.

Gen Volts Generator voltage is too high or too low.

Gen Amps | Generator current is too high.

Batt Volts Battery voltage is too low or too high.

Batt Amps | Battery current is too high.

HVVolts High voltageail voltage is too low or too high.

HVAmMps High voltageail current is too high.

Power A fault in the main regulator, either low voltage regulator, or the 5V regulator
Reg Amps | Main regulator and/or low voltage regulators current is too high.
Hall Sense | Hall sensor pattern is incorrect, or sensor U, is\Wissing.

Sensorless | Backemf sensing pattern is incorrect.

Power Main regulator or 5V regulator fault.

Rectifier Rectifier IC is faulted.

CPU CPU is too cold or too hot and/or there is a problem with +vofatile storage.
Settings Parameter mismatch detecteahd/or parameteror wearstorage is needs

Test Mode | Test mode is active.
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X. SYSTEM
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The system windowshows information about the IntelliGen hardware, the firmware, and the CPU
performance including reset sources.

A. Firmware System H
Armware shows the IntelliGen firmware  Firmware Reset
version. This follows the same format as t [Ver: 1.2 Release, 2023/9/18 Power on (0)

version information for the display software
It has a major and minor version numbér3y
in Figure 350 = I GCSAGAY: | Code CRC: DX06C2D113
indicator, date of release, and a build numb:
The number in parenthesis is a unique lal
that tracks the specific source code used

| Build 326 (0X0FOBEFET)

Hardware Processing

| SM: 1. Rew: 3.0, Date: 2023/6/27. 16MHz |CF'U_-'Ir1t: 50.5/1.0 %

build the firmware. | 200074020 Q. Reg: | Watch/Int: 41/10 ps
The display software and firmware are bu |Request Version | Stack: 18.5 %

from the same source tree; and will typical
have matching version informatioff.there is ~ Generator wear

a mismatch betweerversions, thesoftware [ Sincestat || Totak
will issue a warning asking if you would like
update the firmware (if the firmware is older
The Firmware group may also give

| Revs: 6691 | Revs: 4398342
| Time: 00:00:32.95 | Hours: 7.37

description string for the firmware, which me | wear Details... ] Change Wear... |
include information about special features
the build. Figure35: System window.

Lastly, this group displays the cyclic redundancy check (CRC) of the code. The CRC is computed during
firmware build and provides a signature which is unique to the exact size and byte pattern of the firmware.
The IntelliGenbootloader will check the CRC of the firmware when it starts and will not launch the code
unless the CRC matches the expected value, to preveelliGenfrom running corrupted code. The CRC
check is bypassed if quick restart is active.

B. Hardware

The Hardware group gives information about the spedifielliGenhardware. There aréive pieces of data
configured during manufacturing of the hardware:

9 SN:isthe serial number of the board.

1 Reuv:is therevision number of the board. Revision 1) 2 were the prototype hardware used during
development.

1 Date:isthe date of manufacture of the board.

1 The frequency of the main oscillator on the bo&t@MHzin Figure35).

1 The values of the temperature sensor resistor netvgmk the board (200® pull-up and 4@0K parallel
in Figure35).
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