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Anotace

Tato vyzkumna zprava se zabyva uZivatelskym popisem hardwarové a softwarové konstrukce
ménice kmitoctu pro pohon ramene robotu.

Klicova slova

Frekvencni ménic, synchronni motor s permanentnimi magnety, vektorové fizeni, CAN.

Nazev zpravy v anglickém jazyce / Report title

Robot arm drive: User description

Anotace v anglickém jazyce / Abstract

This research report describes the hardware and software design of the frequency converter
for the robot arm drive.

Klicova slova v anglickém jazyce / Keywords

Frequency converter, permanent magnet synchronous motor, vector control, CAN.
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1 Uvod

Tato vyzkumna zprava vznikla jako uZivatelsky manual pro uZivatele daného pohonu. Prvni
¢ast je vénovana zakladnimu popisu hardwaru vSech soucasti: frekvenéni méni¢, motor a
interface pro nadfazené fizeni. V druhé ¢asti je rozebrana softwarova ¢ast z dlvodu pochopeni
funkénosti a moZnosti parametrizace zatizeni. Popis je tak sméfovan na vektorové fizeni
motoru a komunikaci pro nadfazené fizeni.



2 Zakladni popis hardwaru

Sestaveny pohon obsahuje servomotor od vyrobce TG drives, méni¢ kmitoc¢tu a povelujici PC
s CANoe hardware and software interface pro nadrazené fizeni ménice po CAN sbérnici. Ddle
jsou blize popsany jednotlivé ¢asti.

2.1 Meénic¢ kmitoctu

Fyzické provedeni ménice je zndzornéno na Obr. 2.1 a Obr. 2.2. Ménic je zaloZen na jedné fidici
karté ze systému REMCS. Pfesné DIF (Direct interface) rev. C. Tato karta obsahuje procesor
Hercules TMS570LS Safety (ARM® Cortex®- R4F) a hradlové pole ALTERA cyclone 3. Procesor
se stard o regulaci pohonu a hradlové pole o PWM modulaci a ovladani trifazového
napétového ménice (1 faze ménice neni vyuzivana). Popis vystupniho signdlového konektoru
je uvedenv Tab. |I.

Sitovy jisti¢ pro
napajeni 24V

Napajeci zdroj 24V Sitovy jisti¢
pro napajeni
DC

meziobvodu

Prednabijeci odpor
meziobvodu

Konfiguracni
deska
- hyperface

Prednabijeci
relé

4 fazovy
napétovy
stridac

Deska s budici a
meéfricimi Cidli
stfidace

Napdjeci
usmérnovac DC
meziobvodu

Obr. 2.1 Vnitfni usporadani ménice kmitoctu



Canon 9 pin vidlice —
Signaly (pin 5, 9) Sync
CAN, (pin 2) CAN_L, (pin
Stinény napajeci kabel : Napajeci kabel 7) CAN_H
motoru / zpétna vazba ménice 1f 230V

od cidla polohy rotoru

Obr. 2.2 Vnéjsi vstupy/vystupy ménice kmitoctu

Tab. | Vystupni signalovy konektor (Canon 9 pin, vidlice)

PIN Signal

NC
CAN_L
NC
NC
GND
NC
CAN_H
NC
SyncCAN

O 0 N o U1 Ao W N B

CAN_H a CAN_L - standardni signaly CAN sbérnice.

SyncCAN — poZadovany logicky signal, ktery se neguje vzdy pfi odesilani zprav sbérnice CAN.
Pomoci nadfazeného fizeni Ize ménit tuto periodu - viz signdl CanPeriod ve zpravé RxControl.
Fyzicky se jedna o vystup s otevienym kolektorem.

GND - zem pro otevieny kolektor

2.1.1 D/A pfevodnik

Z tidici karty je vyveden vystupni konektor D/A prevodniku viz Obr. 2.3 s oznacenim kanald.
Jednotlivé vystupy jsou konfigurovany ndsledovné:

Pro vSechny kandly plati, Ze nulovd hodnota veli¢iny odpovida 2.5V a rozsah prevodniku je
0-5V.



Obr. 2.3 D/A prevodnik — konektor

Konfigurace vystup( prevodniku pro rezim Speed control:
KO: nw — pozadované mechanické otacky, rozsah: 1480 ot/min
K1: Isqw — poZzadovany proud, rozsah: £2,828 A
K2: n — mérené mechanické otacky, rozsah: £1480 ot/min

K3: Isqg — méreny (vypocteny) momentotvorny proud, rozsah: £2,828 A

Konfigurace vystup( prevodniku pro rezim Isq request:
KO: neni vyuzivan
K1: Isgw — poZzadovany proud, rozsah: £2,828 A
K2: n — mérené mechanické otacky, rozsah: £1480 ot/min

K3: Isqg — méreny (vypocteny) momentotvorny proud, rozsah: 2,828 A




Konfigurace vystupl prevodniku pro rezim Torque request:

KO: neni vyuZivan

K1: Tw — poZzadovany moment, rozsah: £14.4Nm (+3Tn)

K2: n — mérené mechanické otacky, rozsah: £1480 ot/min

K3: T— méreny (vypocteny) moment, rozsah: +14.4Nm

2.2 Servomotor

Jedna se o motor vyrobce TG drives s oznacenim N3-0480-5-320a/T3 S4-S05. Zakladni popis
motoru uvadi nasledujici Tab. Il s naslednymi vysvétlivkami v podobé Obr. 2.4, Obr. 2.5 a Obr.

2.6, které jsou ziskany z manudll vyrobce [1].

Tab. Il Parametry servomotoru

RATED DATA

Motor type

| N3 0480 5 320
Rated Speed Nn 500 min?
DC Bus Voltage Udc 320 V
Nominal AC Voltage Un 220 V
Rated Motor Voltage Um 113 V
Rated Torque TN 4.7 Nm
Rated AC Current In 20 A
Stall Torque To 4.8 Nm
Stall AC Current lo 1.96 A
Peak Torque Tmax 14.4 Nm
Peak Current Imax 7.0 A
Max. Speed Nmax 12000 min*t
EMF Constant Ke 148.0 V/1000
Torque Constant Kt 2.5 Nm/A
Terminal Resistance R2ph 155 Q
Terminal Inductance L2ph 46.6 mH
Number of poles 2p 10

No Load Speed No 1480 mint
Torque at Imax/Un Tz 14.2 Nm
Speed at Imax/Un nz 490 min?
Max. Torque at nn Tx 14.1 Nm
El. Time Constant Tel 3.0 ms
Mech. Time Constant Tmech 0.68 ms
Thermal Time Constant | T 30 min
Rotor Inertia J 1.5 kgcm?




TGN3-0205-45-560/T1PBS4WKX-RO1
— y

I Shaft with keyway (no coding = without keyway) |
Motor size (0-8)

[Motorwith brake (no coding - wiithout brake) |

Connector type (no coding — upright to motor shaft)
S1 - rectangular to shaft. S2 - rectangular to rearwards.
Stall torque (0205 = 2,05 Nm) ] S3 - rectangular to sides, S4 - rectangular rotary,
I - itec straight connector, 14 - itec rotary connector,
¥ = ytecrotary connectors

Nominal speed (30 = 3000 rpm) ] | Option of ingress protection V - IP6S. W = IP67 (no coding - IP64) |
[ K= cable bushi ]
DCi jate circuit voltage (36, 320, 560V) |
| Other |

Temperature protection (TO — termocontact,

T1-PTCI11-K13, T3~ KTYB3-110, T4 ~ KTY84-130) | [Feedback type

Obr. 2.4 Definice kédu motoru

S - Sick (Hiperface, HDSL)

so1 Sick EKS36 (HDSL),
single-turn, 17 bits
s02 Sick EKM36 (HDSL),
multi-turn, 17 bits
s03 Sick EKS36 (HDSL),
single-turn, 18 bits
S04 Sick EKM36 (HDSL),

multi-turn, 18 bits

S05 Sick EKS36 (HDSL),
single-turn, 20 bits

Sick EKM36 (HDSL),

506 fulti-turn, 20 bits

s21 Sick SRS50 (Hiperface),
single-turn, 1024 imp./rev.

s22 Sick SRMSO0 (Hiperface),

multi-turn, 1024 imp./rev.
$23 Sick SKS36 (Hiperface),
single-turn, 128 imp./rev.

s24 Sick SKM36 (Hiperface),
multi-turn, 128 imp./rev.
s25 Sick SEK34 (Hiperface),

single-turn, 16 imp./rev.
s26 Sick SEL34 (H_iperface),
multi-turn, 16 imp./rev.
$27 S_ick SEK37 (Hiperface),
single-turn, 16 imp./rev.
s28 Sick SEL37 (Hiperface),
multi-turn, 16 imp./rev.
s29 Sick SEKS2 (Hiperface),
single-turn, 16 imp./rev.
Sick SEL52 (Hiperface),

= multi-turn, 16 imp./rev.

s31 Sick SEK90 (Hiperface),
single-turn, 64 imp./rev.

s32 Sick SEK160 (Hiperface),

single-turn, 128 imp./rev.

533 Sick SEK260 (Hiperface),
single-turn, 256 imp./rev.

Obr. 2.5 Typy zpétnovazebnich cidel firmy Sick
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Obr. 2.6 Momentové charakteristiky servomotoru



2.3 Nadrazené rizeni

Z pohledu hardware je nadfazené fizeni prozatim provadéno pomoci CANoe Vector VN1640A
CAN/LIN Interface viz [2]. Soucasti interface je GUI pro nadrazené PC.

3 Popis software

3.1 Ridici software pohonu

Pohon je fizen standardnim vektorovym fizenim v kartézskych souradnicich, které vzniklo
v ramci predchozich praci na projektu CIDAM. Blokové schéma fizeni je uvedeno na Obr. 3.1.
Celkové schéma je rozdéleno na jednotlivé bloky, které jsou fyzicky tvorfeny tfidami nebo
funkcemi vjazyce C/C++. Zakladem je jiz zminované zakladni vektorové fizeni v tfidé
C_PMSM_VC_Variant_1. Tato ¢ast se stara o regulaci jednotlivych proudi lsq a lsq. PoZzadavky
pro tyto proudy tvofi jak reguldtor otdcek Rw (poZadavek lsg), tak smycka odbuzovani
C_SM_Flux_Weakening (poZadavek Isg). Prostfednikem mezi témito bloky a zdakladnim
vektorovym Fizenim je blok C_PMSM_VC_Beta_limitation. Pro danou aplikaci dochazi pouze
k omezovdani vektoru proudu na maximalni hodnotu motoru, ale neni vyuZivana ¢ast
omezovani zatézného uhlu, kterou provadi reguldtor Ryq. Jeho zesileni jsou tedy nastaveny na
nulové hodnoty. Dany kdd podporuje prepinani rezimU regulace otacek (Speed control),
regulace proudu isq (isq request) a regulace momentu (Torque request). V rezimech regulace
proudu isq a regulace momentu je vyrazen regulator otacek a pozadavek je pfimo nasmérovan
do signalu, ktery vychdzi z regulatoru otacek.

Dale je uveden vycet parametrl a jejich hodnoty, které je nutné nastavit pfi inicializaci fizeni.

Vycet parametra:
/2017_05_18 dif@l1C_VC_PMSM classes_offline/source/application/main.cpp

Radek kédu 209 - 233
VC_Par.Math_Model.Lsd=LS;
VC_Par.Math_Model.Lsqg=LS;
VC_Par.Flux_Weak.Psi_pm=FPM;
VC_Par.Math_Model.Rs=RS;
VC_Par.Math_Model.pp=PP;

VC_Par.Vect_Contr.Contr_Isd.Kp=INV_KP_IS;
VC_Par.Vect_Contr.Contr_Isd.Tau=INV_TR_IS;
VC_Par.Vect_Contr.Contr_Isd.HiLimit=INV_DUSDW_MAX;
VC_Par.Vect_Contr.Contr_Isd.LoLimit=INV_DUSDW_MIN;

VC_Par.Vect_Contr.Contr_Isq.Kp=INV_KP_IS;
VC_Par.Vect_Contr.Contr_Isq.Tau=INV_TR_IS;
VC_Par.Vect_Contr.Contr_Isq.HiLimit=INV_DUSQW_MAX;
VC_Par.Vect_Contr.Contr_Isq.LoLimit=INV_DUSQW_MIN;

VC_Par.Flux_Weak.Contr_Urm.Kp=KP_URM;
VC_Par.Flux_Weak.Contr_Urm.Tau=TR_URM;
VC_Par.Flux_Weak.Modul_Index.Tau_Urm_fil=TF;
VC_Par.Flux_Weak.Modul_ Index.Urm_max=URM_MAX;
VC_Par.Flux_Weak.Syn_Motor.Ism_n=ISM;
VC_Par.Isqw_Calcul.Contr_Uq.Kp=0;
VC_Par.Isqw_Calcul.Contr_Uq.Tau=0;
VC_Par.Isqw_Calcul.Contr_Wr.Kp=KP_WR;
VC_Par.Isgw_Calcul.Contr_Wr.Tau=TR_WR;

12
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Dale je nutny parametr jmenovitého napéti ve stejnosmérném meziobvodu Ucn. Z divodu
mozZnosti vykyv( napéti v siti je toto napéti méreno, a to po procesu prednabiti meziobvodu.

/2017_05_18_dif@1C_VC_PMSM_classes_offline/source/application/main.cpp

Radek koédu 252
VC_Par.Vect_Contr.DC_link.Ucn = UCN;

Hodnoty konstant (popfipadé inicializacnich hodnot) parametru:

/2017_05_18_dif01C_VC_PMSM_classes_offline/source/application/ctr_VectorFloat.h

/** \name Motor parameters.

#define ISM (2 * 1.414f) /**< [A] Maximal stator current.*/

#tdefine RS 7.75f /**< [Ohm] Stator resistance.*/

#tdefine FPM 0.27f /**< [Wb] Stator linkage flux of perm. magnets.*///by count
0.282, from PI outputs ©.27 is more accurate

t#tdefine LS 23.3e-3f /**< [H] stator inductance.*/

#tdefine PP 5.0f /**< [A] Number of pole pairs.*/

/** \} * /

/** \name Motor inverter control parameters.

#tdefine TS 100@e-6f /**< [s] Current loop sample time.*/

//fieldweakening control
#tdefine TF 0.01f /**< [s] Time constant of the LPF in field weakening line.*/

#tdefine URM_MAX 0.95f /**< [-] Maximal deep of modulation.*/

#define KP_URM 5.0f /**< [-] Proportional constant of field weakening PI
controller.*/

#tdefine TR_URM 0.2f /**< [s] Time constant of integration part of the field
weakening PI controller.*/

#define INV_ISDW_MAX @.0f /**< [A] Output max. limitation of the field

weakening PI controller.*/
#define INV_ISDW_MIN (-ISM)  /**< [A] Output min. limitation of the field
weakening PI controller.*/

//speed control

#define SPEED_SAMPLING_PERIOD 10@e-6f /**< [s] Speed loop sample time.*/
//#define WR_EXP_FILTER_LENGTH 10u//wr Exponential filter length

#tdefine SPEED_MAX_LIMIT (2*PI*123.)//max speed 1480rpm -> 123.3Hz el., end of
field-weakening

#define KP_WR 0.015f
#define TR_WR 0.02f

//current control

#define INV_KP_IS 150.0f//200.0f//50.0f//100.0f /**< [-] Proportional
constant of stator current PI controllers.*/
#tdefine INV_TR_IS ©0.0015f//0.01f /**< [s] Time constant of integration

part of stator current PI controllers.*/

14



#define INV_DUSDW_MAX 1@00.0f  /**< [V] Output max. limitation of the d-axis
stator current PI controller.*/

#define INV_DUSDW_MIN -1000.0f /**< [V] Output min. limitation of the d-axis

stator current PI controller.*/

#idefine INV_DUSQW_MAX 1000.0f /**< [V] Output max. limitation of the g-axis

stator current PI controller.*/

#define INV_DUSQW_MIN -1000.0f /**< [V] Output min. limitation of g-axis the
stator current PI controller.*/

//voltage management

#define CHARGING_HighlLevel 360.0f

#define CHARGING_LowLevel 293.0f

#define INV_PROTECTION VOLTAGE_MAX_LIMIT 440.0f /**< [A] Maximal rectifier DC
voltage.*/

#define INV_PROTECTION_VOLTAGE_MIN_LIMIT 168.0f /**< [A] Minimal rectifier DC
voltage.*/

//current management
#tdefine INV_PROTECTION_CURRENT_LIMIT 8.9f /**< [A] Maximal inv. current.*/

3.2 Nadrazené Fizeni

Nadrazené fizeni je provedeno v grafickém prostiedi vyrobce CAN interface. Povelovani

pohonu je moiné zakladné pres tzv. Interactive Generator Block (IG)

viz

(@B E=E )

Message Name Msg Params Triggering Data Field
Channel DLC Send Cycle Time [ms] 0|1(2|3|4|5|6|7
> | fav_rameno:RxControl .| CANT - |4 - | now [ 4 =12 (4 |0 |0
fav_rameno:RxRegulatorConstant| .. | CAN1 -~ |8 - | now |X] 83 |=———16 |26 |82 |0 |B7 6D 19 |1

¢ v \Standard [CANYLIN/ | « | i

e

[ |'“ Clane ”Special Frame '] [ Delete ] [ Cut ” Copy ” Faste ] [ Lanyout ]
SB Signal Name Raw Value Phys Value Unit | Dec Phys Step Inc Wave form generation
0 | DefaultParameters ([0 0 -1 + MNone Define..
5 | SaveParameters (] 0 -1 + MNone Define..

16 | Setpoint 1] =0 - |148.0135502182072 + MNone Define..
4 | SendRgMsg13 1 1 -1 + Naone Define..
6 | Reset 10 ] 1 + None Define..
2 | Regime 0 ~-|Speed control - 1 + MNone Define..
7 | ConverterOnOff (] 0 1 + MNone Define..
& | CanPeriod 4 4 -1 + MNone Define..

Defaultinput mode: CAN

Obr. 3.2 a
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B g—- E B (= E [

reeralme Msg Params Triggering Data Field
Channel DLC | Send Cycle Time [ms] 012 |3 ([4|5|6]|7
fav_rameno:RxControl ‘ .| CAN1 T |4 + | now [X 4 E 13 (4 0 |0
> fav_rameno:RxRegu\atorConstant‘ .| CAN1 |8 ~ | now [X] 89 ﬂ 16 |26 |82 |0 |B7 6D |19 |1

" \Standard [CANV LN | « | I | »

[ "” Clane H Special Frame '] l Delete ] [ Cut H Copy “ Paste I l Leyout I
SB| Signal Name | Raw Value Phys Value Unit Dec Phys Step Inc Wave form generation

48| Tau_T |l19 -~ {0.001500701904332 - |[0.017501068115644 + None Define

32| KpT 60B7  —%-150.000762942964 - |17501068115644 + None Define...

0 | Kpw 2616 —+-0.01500000000000002 - |0.005041538461538466 | + MNone Define...

16 | Tau_w 82 —=-10.02000000000000002 - 05041538461538466 | + Mone Define...

Defaultinput mode: CAN

Obr. 3.3. Pomoci tohoto objektu je mozné konfigurovat odesilané zpravy a odesilat je,
popripadé nastavit jejich automatické, periodické odesilani. Dané zpravy musi byt predem
nakonfigurovany. Jejich strukturu a jednotlivé bity seskupené do signdld uvadi

ET2 Vector CANdb-++ Editor - CAUsers\Canog03\cidam_fav_ramenol\fav_rameno.db - [Overall View] ~ . . (=[5
E{' File Edit View QOptions Window Help ‘ - “ 8 “ X
EHBE|L EEEAE|&BED

52 Networks * | Name D ID-Format DLC [Byte]  Tx Method Cycle Time  Transmitter  Comment

i~& ECUs w+ £ RxControl 00 CAN Standard

[~ Environment variables « B RxRegulatorConstant ~ 0x12  CAN Standard

é'; Network nodes « B TxConverterState 01 CAN Standard

RxCantrol (0x10) »+ B TxDataflash 0x17  CAN Standard
= ReRequiatorConstant (0x12) »+ E TxMotorState 0x15  CAN Standard

TxConverterState (Ox11) »+ B TxRegulatorConstant 0x13  CAN Standard

& TxDataflash (0x17)

B TxMotorState (0x15)

& TxRegulatorConstant (0x13)

Iél v Signals

~A CanPeriod

" ConverterOnOff

~ ConverterState

A CycleCounter

~ DefaultParameters

A~ Error

~ KpT

A KpT

v KpT_Dataflash

~ Kpw W

~ Kpw

A Kpw_Dataflash I

A Position_RAW

" Position_RAW

v Regime

~~ Reset

A RPM

~~ RPM

~ SaveParameters

AL SendRaMen12
)

<na.> --No Trans.

<na.> --No Trans.
<na.> --No Trans.
<na.> --No Trans.

<na.> --No Trans.

® o ® ® o &
co oo oo

<na.> --No Trans.

1l

5
Ready

Obr. 3.4 a
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;i Vector CANdb++ Editor - C\Users\Canoe03\cidam_fav_rameno\fav_rameno.dbc - [Overall View] (= [
£ file Edit View Options Window Help BEE
SHBe s EEEEE|[E RED

: £ Network nodes “ | Name Length [Bit] Byte Order Value Type Initial Value  Factor Offs.. Mini.. Max.. Unit Value Table  Commeni
(7 & Messages ~ CanPeriod 4 Intel Unsigned 0 1 o 0 0 <none>
i ggz”iﬁz'{g&?ﬂam o A ConverterOnOff 1 Intel Unsigned 0 1 0 0 0 <none>
Txcuzvene[slate oci ~ ConverterState 1 Intel Unsigned 0 1 0 0 0 <none>
= TxDataflash (Ox17) v CycleCounter 8 Intel Unsigned 0 1 0 0 0 <none>
TxMotorState (0x15) v DefaultParameters 1 Intel Unsigned 0 1 0 0 0 <none>
; TxRegulatorCanstant (0x13) A Error 4 Intel Unsigned 0 1 0 0 0 <none>
o~ G ~KpT 16 Intel Unsigned 0 000534058 0 0 0 <none>
A CanPeriod ~KpT 16 Intel Unsigned 0 000534058 0 0 0 <none>
~ ConverterOnOff A KpT_Dataflash 16 Intel Unsigned 0 000534058 0 0 0 <none>
~ ConverterState A Kpw 16 Intel Unsigned 0 153846e-006 0 0 0 <none>
- CycleCounter ~ Kpw 16 Intel Unsigned 0 1.53846e-006 0 0 0 <nones
" DefaultParameters ~ Kpw_Dataflash 16 Intel Unsigned 0 153846e-006 0 0 0 <none>
"~ Emror . Pasition_RAW 32 Intel Unsigned 0 1 0 0 0 <none>
: E‘; « " Position_RAW 32 Intel Unsigned 0 1 0 0 0 <none>
A KpT Dataflash ~~ Regime 2 Intel Uns!gned 0 1 0 0 0 ViSig_Regi...
A Kpw v Reset 1 Intel Unsigned 0 1 0 0 0 <none>
~ Kpw ~RPM 16 Intel Signed 0 0047619 0 0 0 <none>
~ Kpw_Dataflash =[x ~RPM 16 Intel Signed 0 1 0 0 0 <none>
v SaveParameters 1 Intel Unsigned 0 1 0 0 0 <none>
~ SendRgMsg13 1 Intel Unsigned 0 1 0 0 0 <none>
~ Regime ~Setpoint 16 Intel Signed 0 00451674 0 0 0 <none>
-~ Reset ~TauT 16 Intel Unsigned 0 5.34058¢-006 0 0 0 <none>
~ RPM ~Tau_T 16 Intel Unsigned 0 5.34058e-006 0 0 0 <none>
~~ RPM A Tau_T_Dataflash 16 Intel Unsigned 0 534058e-006 0 0 0 <none>
- : 2::3::;’:;:” A Tauww 16 Intel Unsigned 0 0000153846 o o0 o <none>
~ Setpoint ~Tauw 16 Intel Unsigned 0 0000153846 0 0 0 <none>
A Tau T ~ Tau_w_Dataflash 16 Intel Unsigned 0 0.000153846 0 0 0 <none>
~ TauT ~ Torque 16 Intel Signed 0 000047619 0 0 0 <none>
A Tau_T Dataflash « ~Torque 16 Intel Signed 0 1 0 0 0 <none>
-~ Tau_w
~ Tauw
" Tau_w_Dataflash
- Torque
~ Torque B il | b
29 Signal(s)
Ready f

| MEN  Pro pfipoieni k siti eduroam isou vwZzadovany dalgi in

Obr. 3.5. V nésledujicim textu budou detailné rozebrany jednotlivé zpravy a jejich signaly.
Oznaceni zprav Rx a Tx je brano z pohledu frekvenéniho ménice.

r=hie

e e Msg Params Triggering Data Field
Channel DLC Send Cycle Time [ms] 0|1 (2|3 |4|5)|6
> | fav_rameno:RxControl CANT - |4 - | now [ 4 =12 (4 |0 |0
fav_rameno::RxRegulatorConstant CAN1 ~|8 ~| now |[X](89 |=——=F—16 |26 |82 |0 |B7 |6D |19 |1
o
"¢ v \Standard [CANYLIN/ | « | I | »
[ |'“ Clone ”Special Frame '] [ Delete ] [ Cut ” Copy ” Faste ] [ Latyout ]
SB Signal Name Raw Value Phys Value Unit | Dec Phys Step Inc Wave form generation
0 | DefaultParameters ([0 0 -1 + MNone Define..
5 | SaveParameters o 0 -1 + MNone Define..
16 | Setpoint 0 =0 - |148.0135502182072 MNone Define..
4 | SendRgMsg13 X]1 1 - + MNone Define..
6 | Reset 10 ] -1 + None Define..
2 | Regime 0 ~-|Speed control - -1 + MNone Define..
7 | ConverterOnOff (] 0 - N + MNone Define..
& | CanPeriod 4 4 -1 + MNone Define..

Defaultinput mode: CAN

Obr. 3.2 IG pro fidici zpravu RxControl
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Bic Bt — Il
Msg Params Triggering Data Field -
e Chamnel | DLC | Send | CycleTme[ms] 01 |2 3|4]|5 8
fav_rameno:RxControl ‘ CAN1 T |4 + | now [X 4 E 13 (4 0 |0
> fav_lameno:RxRegulaholConstam‘ .| CAN1 |8 ~ | now [X] 89 ﬂ 16 |26 |82 |0 |B7 6D |19 |1
-
" \Standard [CANV LN | « | I | v
[ "” Clone H Special Frame 'H Delete ] [ Cut H Copy “ Paste I l Lanout I
SB| Signal Name | Raw Value Phys Value Unit Dec Phys Step Inc Wave form generation
48| Tau_T |l19 ~20.001500701904332 - |[0.017501068115644 + None Define
32 | KpT 6DB7 - {150.000762942964 - |17501068115644 + None Define...
0 | Kpw 2616 —--{0.01500000000000002 - 0.005041538461538466 | + None Define...
16 | Tau_w 82 ~--{0.02000000000000002 - 05041538461538466 + MNone Define...
Defaultinput mode: CAN

Obr. 3.3 IG pro zpravu se zménou konstant regulatort RxRegulatorConstant

&1 TxConverterState (0x11)
& TxDataflash (0x17)
Il i 6B TxMotorState (0x15)
H TxRegulatorConstant (0x13)
Iél ~~ Signals
~v CanPeriod
" ConverterOnOff
~ ConverterState
A CycleCounter
" DefaultParameters
A Error
~ KpT
- KpT
" KpT_Dataflash
~ Kpw
~ Kpw
A Kpw_Dataflash I
A Position_RAW
" Position_RAW
v Regime
~~ Reset
A RPM
~ RPM
~ SaveParameters
AL SendRaMen12
)

11

%2 Vector CANdb-++ Editor - C\Users\Canoe03\cidam_fav_rameno\fav_rameno.dbc - [Overall View] =~ = » @
T File Edit View Options Window Help [-]=]x
ECIEL T R
% Networks + | Name ID  ID-Format DLC[Byte] TxMethod CycleTime  Transmitter Comment
B 1_ ECUs «+ B RxControl 0x10  CAN Standard 4 <na> 0 -- No Trans.
¢~ Environment variables «+ B RxRegulatorConstant 0x12  CAN Standard 8 <na> 0 - No Trans
i ; Network nodes «+ B TxConverterState 0d1  CAN Standard 8 <na> 0 +- No Trans
: roComrel (Ox10) w+ B TxDataflash 0x17  CAN Standard 8 <na> 0 -~ No Trans
& RaRegulatorConstant (0x12) w+ B TxMotorState 0x15  CAN Standard 8 <na> 0 -~ No Trans
| w+ B TxRegulatorConstant 0x13  CAN Standard 8 <nas> 0 -~ No Trans

6

Ready

NUM

Obr. 3.4 CAN zpravy
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;ﬁ Vector CANdb++ Editor - C\Users\Canoe03\cidam_fav_rameno\fav_rameno.dbc - [Overall View] (= [
TT File Edit View Options Window Help BEE
ECIEIEE R N
: £ Network nodes “ | Name Length [Bit] Byte Order Value Type Initial Value  Factor Offs.. Mini.. Max.. Unit Value Table  Commeni
(7 & Messages ~ CanPeriod 4 Intel Unsigned 0 1 o 0 0 <none>
£ RxControl (0x10) A ConverterOnOff 1 Intel Unsigned 0 1 0 0 0 <none>
';;:g:;:;’[’;‘;::‘?;;l(gw |~ Converterstate 1 Intel Unsigned 0 1 0o 0 o <none>
= TxDataflash (Ox17) v CycleCounter 8 Intel Unsigned 0 1 0 0 0 <none>
TxMotorState (0x15) v DefaultParameters 1 Intel Unsigned 0 1 0 0 0 <none>
TxRegulatorCanstant (0x13) A Error 4 Intel Unsigned 0 1 0 0 0 <none>
~KpT 16 Intel Unsigned 0 0.00534058 0 0 0 <nonex
A CanPeriod ~KpT 16 Intel Unsigned 0 000534058 0 0 0 <none>
~ ConverterOnOff A KpT_Dataflash 16 Intel Unsigned 0 000534058 0 0 0 <none>
~ ConverterState A Kpw 16 Intel Unsigned 0 153846e-006 0 0 0 <none>
- CycleCounter ~ Kpw 16 Intel Unsigned 0 1.53846e-006 0 0 0 <nones
" DefaultParameters ~ Kpw_Dataflash 16 Intel Unsigned 0 153846e-006 0 0 0 <none>
"~ Emror . Pasition_RAW 32 Intel Unsigned 0 1 0 0 0 <none>
: E‘; « " Position_RAW 32 Intel Unsigned 0 1 0 0 0 <none>
A KpT Dataflash ~~ Regime 2 Intel Unsigned 0 1 0 0 0 ViSig_Regi...
A Kpw v Reset 1 Intel Unsigned 0 1 0 0 0 <none>
~ Kpw ““RPM 16 Intel Signed 0 0047619 0 0 0 <none>
~ Kpw_Dataflash =[x ~RPM 16 Intel Signed 0 1 0 0 0 <none>
-~ Posi | RAW v SaveParameters 1 Intel Unsigned 0 1 0 0 0 <none>
~ Position_RAW ~ SendRgMsg13 1 Intel Unsigned 0 1 0 0 0 <none>
~ Regime ~Setpoint 16 Intel Signed 0 00451674 0 0 0 <none>
-~ Reset ~TauT 16 Intel Unsigned 0 5.34058¢-006 0 0 0 <none>
~ RPM ~Tau_T 16 Intel Unsigned 0 5.34058e-006 0 0 0 <none>
~~ RPM A Tau_T_Dataflash 16 Intel Unsigned 0 534058e-006 0 0 0 <none>
+" SaveParameters A Tauww 16 Intel Unsigned 0 0000153846 o o0 o <none>
: z::sg:rsgls ~ Tauw 16 Intel Unsigned 0 0000153846 0o o0 o <none>
A Tau T ~ Tau_w_Dataflash 16 Intel Unsigned 0 0.000153846 0 0 0 <none>
~ TauT ~ Torque 16 Intel Signed 0 000047619 0 0 0 <none>
A Tau_T Dataflash « ~Torque 16 Intel Signed 0 1 0 0 0 <none>
-~ Tau_w
~ Tau_w
" Tau_w_Dataflash
- Torque
~ Torque - |« [T ] »
29 Signal(s)
| Ready \[ &Sk Pro piipoieni k siti eduroam isou vwZzadovany dalgi in

Obr. 3.5 Signdly CAN zprav

3.2.1 RxControl 0x10
Jednd se o zakladni fidici zprdvu ménice. Jeji popis a rozvrieni ukazuji

T Vector CANdb++ Editor - C:\Users\Canoe03\cidam_fav_rameno\fav_rameno.dbc - [Overall View] s »
T3 File Edit View Options Window Help
& (B o e 2 ===
¥ Networks * | Name Message Multiplexin.. Startbit Length [l

+-B ECUs ® DefaultParameters ~ RxContro -

& Environment variables & Regime RxControl -
-2 Network nodes .

& SendRgMsgl3 RxContro| -
E1E Messages

= & SaveParameters RxControl -
E RuRegulatorConstant (0x12) B Reset fxContro -
= TxConverterState (0x11) 1 ConverterOnOff RxContro| -
TxDataflash (0x17) & CanPeriod RxContro -
& TxMotorState (0x15) 18 Setpoint RxContro| - 16 16 Intel Signed
TxRegulatorConstant (0x13)
“~ Signals

~ CanPeriod

" ConverterOnOff

~ ConverterState

A CycleCounter

~v DefaultParameters

A~ Error

~ KpT

A KpT

~ KpT_Dataflash

A Kpw

~~ Kpw

-~ Kpw_Dataflash m
" Position_RAW
~v Position_RAW
"~ Regime

~ Reset

~~ RPM

~ RPM

" SaveParameters
A SandRaMen12
Message: RxControl, ID: 0x10, ID-Format: CAN Standard, DLC [Bytel: 4

Ready NUM

Byte Order  Value Type  Initial Value  Factor Offset
Intel Unsigned 0
Intel Unsigned 0
Intel Unsigned 0
Intel Unsigned 0
0
0
0
0

Intel Unsigned

Intel Unsigned

[ I T R N Y
Bl e e e

Intel Unsigned

cococoeoooo
oo c oo oo oz

1
1
1
1
1
1
1
0.

0451674

11

~ |4 I »

Obr. 3.6 a
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. . T —
Message "RxControl (0x10) ‘ ‘
Qﬁ“l“ ﬁi ﬁ“ﬁi I IiiHiW Hﬁiﬁl i ﬁiiﬁ ers Layout 3 ﬁﬁii iﬁi QEWW“”

Wultiplexor Signal:

i

Bitindex

I Inverted

Obr. 3.7. Zprédva obsahuje nasledujici signaly:

| &8 Vector CANdb++ Editormers\&nbe(ﬁ\&aﬁjalrxlenu\fmr!am,dbc— [Overall View] * * & L T N SRSy

3! File Edit View Options Window Help

IR & B Em

% Networks * | Name Message i i Startbit Length [Bit] Byte Order  Value Type Initial Value Factor Offset

|| -2 ECUs  DefaultParameters  RxControl - Intel Unsigned 0

|| £ Environment variables © Regime RxControl E Intel Unsigned 0

i E; ;i::;:s'm‘*s  SendRgMsg13 RxControl - Intel Unsigned 0

T  SaveParameters RxControl - Intel Unsigned 0
0
0
0
0

|
|
; E

S Reset RxControl - Intel Unsigned
1 ConverterOnOff RxControl - Intel Unsigned
Intel Unsigned
& TxMotorState (0x15) 1S Setpoint RxControl - 16 16 Intel Signed
TxRegulatorConstant (0x13)
“~ Signals

~ CanPeriod

" ConverterOnOff

~ ConverterState

A CycleCounter

~v DefaultParameters

A~ Error

~ KpT

A KpT

~ KpT_Dataflash

A Kpw !
~ Kpw

-~ Kpw_Dataflash P
" Position_RAW

-~ Position_RAW

[~ Regime

~ Reset

~ RPM

~ RPM

" SaveParameters

A 12 e e ’
Message: RxControl, ID: 0x10, ID-Format: CAN Standard, DLC [Byte]: 4

Ready NUM

- Obr. 3.6 Struktura zpravy RxControl

RxRegulatorConstant (0x12)
B3 TxConverterState (0x11)
TxDataflash (Ox17) 1 CanPeriod RxControl -

L R IS
B e e e
cocococococoo
ccococ oo ooz

1
1
1
1
1
1
1
0.

0451674
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Message "RxControl (0:x10) u

‘ Definition | £ Signals | B Transmitiers | B Recelvers| Layout ‘ j Adtributes | Cummen||

Wultiplexor Signal: [7 o Multiplexar —

T (]

ConverteronOff 7Reset

o
Iimsb

47 48 45 44 43 42 41 40
5
6
Bitindex T
[inverted x

I 0K I [ Starno Pouzit

Obr. 3.7 Rozlozeni zpravy RxControl

ConverterOnOff — slouZi k zapnuti a vypnuti spinacich signdld ménice, tedy stejnosmérny
obvod ménice je stdle prednabit a napajen, ale vypind se pouze napajeni motoru.

1-Zap,0-Vyp

Reset — provadi kompletni restart fidici karty a software. BEhem opétovného nabéhu je
provedeno prednabiti stejnosmérného meziobvodu a odmazani errord méni¢e. Parametry
regulatorll se berou bud’ z paméti dataflash, nebo pokud je dataflash prazdna, tak se nactou
defaultni parametry.

1 - reset stav, 0 — neaktivni

SaveParameters — slouZi k potvrzeni ulozeni aktualné pouzivanych (posilanych ve zpravé
RxRegulatorConstant) parametrl regulatord do dataflash. Pfi nastaveni bitu SaveParameters
do 1 probéhne pravé jedno uloZeni hodnot. Pfed dalSim uloZzenim novych hodnot se musi
nejprve bit SaveParameters shodit do nuly a nasledné opét nastavit do 1. Klidovy stav tohoto
bitu by mél byt udrzovan v 0. Funkci SaveParameters je mozné aktivovat pouze tehdy, pokud
je bit DefaultParameters v 0.

1 - Uloz parametry, 0 — nulovani bitu SaveParameters
Regime — nastavuje rezim pohonu resp. vektorové regulace

2 — regulace proudu isq (isq request), 1 — regulace momentu (Torque request), 0 — regulace
otacek (Speed control)



SendRqMsg13 — umoznuje zapnout nebo vypnout posilani zprav TxRegulatorConstant (0x13)
a TxDataflash (0x17). Pokud neni nutné tyto dvé zpravy Cist, je doporuceno mit posilani téchto
zprav vypnuté. Tato funkce je vhodna pro vycteni parametr( reguldtorl z dataflash, nebo
k ndvratu defaultnich hodnot parametra reguldtora.

1 —zpravy 0x13 a 0x17 jsou posilany, 0 - zpravy 0x13 a Ox17 nejsou posilany

CanPeriod — Ctyrbitové Cislo, jimz je mozné nastavit periodu CAN komunikace od trojnasobku
periody vzorkovani Fizeni pohonu (3x100us) az do Sestnactindsobku (16x100us). Je zde
provedeno omezeni na minimalni délku periody, kterad je nastavena na trojndsobek periody
vzorkovani fizeni pohonu z dlivodu rychlosti posilani zprav.

0,1,2 — Tcan = 300ps; 3 —Tcan = 400ps; F —Tcan = 1600us

pro periodu vzorkovani fizeni pohonu 100ps. Aby bylo toto ¢asovani dodrzeno, je doporucené
mit vypnutou funkci posilani zprav TxRegulatorConstant a TxDataflash (SendRqMsg13 = 0).

DefaultParameters — slouzi k obnoveni tovarnich hodnot parametr( reguldtord. Pfinastaveni
bitu DefaultParameters do 1 probéhne obnoveni tovarnich hodnot parametrd reguldtord,
smazani dataflash a uloZeni defaultnich parametri regulatorll do dataflash. Klidovy stav
tohoto bitu by mél byt udrzovan v 0. Funkci DefaultParameters je mozné aktivovat pouze
tehdy, pokud je ménic¢ vypnuty (bit ON/OFF v 0) a pokud neni aktivovan bit pro uloZeni novych
parametrd reguldtord (bit SaveParameters v 0).

1 — Obnov defaultni parametry, 0 — nulovani bitu DefaultParameters

Setpoint — znaménkové Sestndctibitové Cislo které predstavuje pozadovanou hodnotu fizeni
pohonu. Dle rezimu pohonu reprezentuje:

1) pozadovanou uhlovou rychlost rotoru v elektrickych stupnich

Pro prevod cisla do plovouci Fadové carky je pouZit faktor:

#define SCALE_w (0.02364959f) // Z CAN prijdou mechanicke otacky, které muzeme
zadat v rozsahu +-1480o0t/min. Do regulace vstupuje elektricka omega, tudiz
1480rpm->775 rads-1 el., cislo 0.02364959 = 1/60 * 2 * pi * 0,04516739 * pp, coz
je prepocet z mechanickych otacek na elektrickou uhlovou ryhclost vcetne faktoru
z CANoe

Float hodnota pozadavku v procesoru muze tedy nabyvat hodnot cca +780 rad/s (elektricka
Uhlova rotorova rychlost)

2) pozadovany moment motoru

Pro prevod Cisla do plovouci fadové ¢arky je pouzit faktor:

t#tdefine SCALE_T (0.04516739) //maximalni moment omezen na prijmu dat z CAN na
max 14.4 Nm. Faktor je dan aplikaci v Canoe (0.04516739)

3) pozadovany statorovy proud motoru

Pro prevod ¢isla do plovouci fadové ¢arky je pouzit faktor:

#define SCALE_Isq (0.04516739) //maximalni proud omezen na prijmu dat z CAN na
max 2.8284 A. Faktor je dan aplikaci v Canoe (0.04516739)
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3.2.2 TxConverterState Ox11

Jednd se o status zprdvu ménice. Jeji popis a rozvrzeni ukazuji
e A o ot T — . W Y
|ET File Edit View Options Window Hel
EEIERETEY \:gl%am
A Environment variables + | Name Message i Startbit Length [Bit]  Byte Order Value Type  Initial Value  Factor Offset

M
-2 Network nodes ® CycleCounter TxConverterState - 0 8 Intel Unsigned 0 1 0 0
£ & Messages [ & Error TxConverterState - 8 4 Intel Unsigned 0 1 0 0
& RxControl (0x10) 0

= ConverterState TxConverterState - 16 1 Intel Unsigned o 1 0
RxRegulatorConstant (0x12)

TxDataflash (0x17)
B TxMotorState (0x15)
i [©-E TxRegulatorConstant (0x13)
[~ Signals

A~ CanPeriod

~ ConverterOnOff
" ConverterState
-~ CycleCounter

" DefaultParameters
A~ Error

~ KpT

~ KpT

~" KpT_Dataflash

~ Kpw

A Kpw

~ Kpw_Dataflash

" Position_RAW

A Position_RAW
7~ Regime

- Reset

~ RPM

~ RPM

-~ SaveParameters
~ SendRaqMsg13

A Setpoint

A Tan T

~ |«

Message: TxConverterState, ID: 0x11, ID-Format CAN Standard, DLC [Byte]: 3
Ready [ NUM_

Obr.3.8a
Message ‘TxConverterstate (0x1 1) R e 3 - =)

| [Deniion | & Signeis [ & Transmitars | & Receivers| Layout | A Avrbutes | Comment
|

Multiplexor Signal:

i

Bitindex
Inwerted
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r ™ T B A — R _
£31 Vector CANdb-++ Editor - CAUsers\Can idam_fav_rameno\fav._ View] - d — ‘ ‘

T4 File Edit View Options Window Help
| sH 2R e & BlE®sm
TR Environment variables + [ Name Message i Startbit  Length [Bit] ByteOrder  ValueType Initial Value Factor Offset
-2 Network nodes ® CycleCounter TxConverterState - 0 8 Intel Unsigned 0 1 0
(1B Messages M S Error TxConverterState B 8 4 Intel Unsigned 0 1 0

=
RxControl (:10) 1 ConverterState TxConverterState - 16 1 Intel Unsigned 0 1 0
RxRegulatorConstant (0x12)

o oo =

TxDataflash (0x17)
B TxMotorState (0x15)

i [©-E TxRegulatorConstant (0x13)
[~ Signals

A~ CanPeriod

~ ConverterOnOff

" ConverterState

-~ CycleCounter

" DefaultParameters

A~ Error

~ KpT

~ KpT

~" KpT_Dataflash

~ Kpw

A Kpw

~ Kpw_Dataflash

" Position_RAW

A Position_RAW

(-~ Regime L
- Reset

~ RPM

~ RPM

-~ SaveParameters

~ SendRgMsg13

A Setpoint

A Tan T e e 2
Message: TxConverterState, ID: 0x11, ID-Format CAN Standard, DLC [Byte]: 3

Ready [ NUM_

Obr. 3.8 Struktura zpravy TxConverterState

Message TxConverterState (OX]J_)'L - - N .
| Dfiniton [ &3 Signals | & Transmiters | 2. Recevers Layout | # Atriautes | Comment]

Multiplexor Signal:

i

Bitindex
Inwertad

Obr. 3.9 Rozvrieni zpravy TxConverterState

Zprava obsahuje nasledujici signaly:

24



ConverterState — indikace chodu ménice

1-Zap, 0—-Vyp

Error — indikace erroru ménice. Nasleduje zablokovani spinacich signalii ménica a uvedeni do
error stavu s vyblikavanim kodu erroru pomoci FPG_LED_ERROR. Pro vymazani je nutné poslat
jednotkovy signal reset ve zpravé RxControl.

0 — NO_ERROR - bez erroru

1 — CHARGING_UNDERVOLTAGE — prednabijeni - nizké napéti DC meziobvodu Uc < 293V,
nabijeci resistor zatazen

2 — CHARGING_OVERVOLTAGE - prednabijeni - vysoké napéti DC meziobvodu Uc > 360V,
nabijeci resistor zatazen

3 — UCN_UNDERVOLTAGE — nizké napéti DC meziobvodu UcN < 293V, méreni UcN — nabijeci
rezistor preklenut

4 - UCN_OVERVOLTAGE — vysoké napéti DC meziobvodu UcN > 360V, méreni UcN — nabijeci
rezistor preklenut

5 — OVERCURRENT - prekroceni maximalniho fazového proudu statoru lsmax = 8.9A (okamzitd
hodnota)

6 — VOLTAGE_ERROR - napéti DC meziobvodu mimo bezpecéné meze (168V, 440V)
7 — OVERSPEED - prekroceni maximalni rychlosti nmax= 1480rpm => 775rad/s

8 — POSITION_ERROR — Hiperface viz [3] — chyba ¢idla polohy rotoru

9 — ENCODING_ERROR - Hiperface viz [3] — chyba komunikace

10— CAN_ERROR —vypadek komunikace CAN (signalizovano pfti vypadku komunikace po dobu
delsi jak 50ms). Vypadek komunikace hlida Process data watchdog.

CycleCounter — osmibitovy Citaé, jehoZz hodnota se zvySuje s kaidou odeslanou zpravou
z ménice do PC.
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3.2.3 RxRegulatorConstant 0x12

Jedna se o zpravu nastavujici konstanty Pl regulatort otacek a proudu. Regulatory proudu jsou
dva, ale jejich konstanty jsou zaddvany totozné. Jeji popis a rozvrieni ukazuji Chyba! Chybny
odkaz na zalozku. a Obr. 3.11.

£ Vector CANdb-++ Editor - CAUsers\Canoe03\cidam fav rameno\fav rameno.dbe - [Overall View). e 0 =)
TT File Edit View Options Window Help
FRBRe(fe EEEALD &AM
4 Networks * | Name Message Multiplexin... Startbit Length [Bit] Byte Order  Value Type  Initial Value  Factor Offset
-8 ECUs = Kpw RxRegulatorConstant - 0 16 Intel Unsigned 0 153846e-006
|- Environment variables S Tauw RxRegulatorConstant - 16 16 Intel Unsigned 0 0000153846
(& Networknodes SKpT RxRegulatorConstant - 32 16 Intel Unsigned 0 000534058
0

=AY
'? e:ig:;ml o0 ®TauT RéRegulatorConstant - 48 16 Intel Unsigned 534058e-006

: «RegulatorConstant (0x12
I TxConverterState (Ox11)
2 TxDataflash (0x17)
| TxMotorState (0x15)
| [0 5 TxRegulatorConstant (0x13)
£~ Signals
" CanPeriod
~ ConverterOnOff
A ConverterState
~ CycleCounter
"~ DefaultParameters
~ Error
A KpT
~ KpT
-~ KpT_Dataflash
~ Kpw
A Kpw
~ Kpw_Dataflash I
-~ Position_RAW
" Position_RAW

HEIE

oo oo
o oo o=z

~v SaveParameters
A SendRaMsn12 i) [ L 3
onstant, ID:0x12, ID-Format: CAN Standard, DLC [Byte]: 8

Ready NUM

Obr. 3.10 Struktura zpravy RxRegulatorConstant

L

— ———
Message ‘RxRegulatorConstant (0x12)

Definition | 4 Signals | B Transmitters | ais Receivers‘ Layout | j Adtributes | Comment|

Multiplexor Signal [—No Multiplexor — v]

Bit inclex
lnvened

[ OK. l ’ Stamo ] ’ Fougit ] i MNapowEda

Obr. 3.11 RozvrZeni zpravy RxRegulatorConstant
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Zprava obsahuje nasledujici signaly:

Kx — neznaménkové Sestnactibitové Cislo, které predstavuje prislusny parametr regulatoru.

Kpw — proporéni zesileni regulatoru otacek (regulator thlové rychlosti)
Tau_w — c¢asova konstanta regulatoru otacek (reguldtor uhlové rychlosti)
KpT — propor¢ni zesileni proudovych reguldtor(

Tau_T — ¢asova konstanta proudovych regulator(

Pro prevod konstant do plovouci fadové ¢arky jsou pouzity faktory:

#tdefine SCALE_1 Kpw (1.0f/SCALE_Kpw)
#define SCALE_1 Tau_ w (1.0f/SCALE_Tau_w)
#define SCALE_1_KpT (1.0f/SCALE_Kpw)
#tdefine SCALE_1_ Tau_ T (1.0f/SCALE_Tau_T)

, kde

#define SCALE_Kpw 650000.0f

#tdefine SCALE_Tau_w 6500.0f

#tdefine SCALE_KpT 187.245714286°F
#define SCALE_Tau_T 187245.714281332f



3.2.4 TxRegulatorConstant 0x13

Jedna se o zpravu s aktualnimi parametry Pl regulator(l otacek a proudu, ktera je odesilana
méni¢em na pozadavek pomoci jednotkového signdlu SendRqMsg13 ve zpravé RxControl.
Regulatory proudu jsou dva, ale jejich parametry jsou totoZné. Popis zpravy a jeji rozvrieni
ukazuji Chyba! Chybny odkaz na zalozku. a

Message ‘TxRegulatorConstant (0x13)" e

= — - )

‘ Definition | £ Signals | B Transmitters | =5 Recewvers‘ Layyout ‘ 3’ Attributes | Cnmment|

Multiplexor Signal: [— Mo Multiplexar —

Arrange

ToFront

To Back

Bemove

I)> III
=3
L

Bitindex
lnvened

| 0K I [ Starmo ] [ FPougit ] [ MNapowvada

)

Obr. 3.13.

- - e - ——
L1 Vector CANdb++ Editor - CAUsers\Cahoe03\cidam_fav._rameno\fav_ramenc.doc - [Overall View] e 0% E=] )

TT File Edit View Options Window Help [-]=]x

SHBRE D AEEEE g RAD

4 Networks * | Name Message Multiplexin... Startbit Length [Bit] Byte Order  Value Type  Initial Value  Factor Offset
-8 ECUs = Kpw TxRegulatorConstant - 0 16 Intel Unsigned 0 153846e-006 0

|- Environment variables © Tauw TxRegulatorConstant - 16 16 Intel Unsigned 0 0000153846 0

é ; ::::;::Odes SKpT TxRegulatorConstant - 2 16 Intel Unsigned 0 000534058 0

: RxControl (0x10) S Tau T TxRegulatorConstant - 48 16 Intel Unsigned 0 5.34058¢-006 0
: -5 RxRegulatorConstant (0x12)
TxConverterState (0x11)

: -5 TxDataflash (0x17)

E1 ™ Signals

" CanPeriod

~ ConverterOnOff
A ConverterState

~ CycleCounter

"~ DefaultParameters
~ Error

A KpT

~ KpT

-~ KpT_Dataflash

~ Kpw

A Kpw

~ Kpw_Dataflash I
-~ Position_RAW

" Position_RAW
(-~ Regime
"~ Reset
~ RPM
~~ RPM
~v SaveParameters
A SendRaMsn12 i) [ L

T onstant, ID: 0x13, ID-Format CAN Standard, DLC [Byte]: 8

Ready NUM

Obr. 3.12 Struktura zprdvy TxRegulatorConstant
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Message ‘TxRegulatorConstant (0x13)" - L -

Definition | £ Signals | B Transmitters | =5 Rece\vers‘ Lanyout ‘ 3’ Attributes I Cnmmentl

[— Mo Multiplexar —

Multiplexor Signal:

Arrange

ToFront

To Back

=3
o

Bemove
Bitincex
lnvened
| l 0K H Starna H Fougit H Napovéda
[ ——— =
Obr. 3.13 Rozvrieni zpravy TxRegulatorConstant
Reprezentace jednotlivych parametrl a jejich prepocet na desetinné Cislo je totozny

s pfredchozi zpravou RxRegulatorConstant.

3.2.5 TxMotorState Ox15
Jedna se o status zprdvu motoru. Jeji popis a rozvrzeni ukazuji Obr. 3.14 a Obr. 3.15.

r ~ = - - —
L1 Vector CANdb++ Editor - CAUsers\Cahoe03\cidam_fav._rameno\fav_ramenc.dbc- [Overall View] e 0

(=[5 |

T File Edit View Options Window Help

HEB

W R0 g EEEEL & ®ED

5 Networks &
i.m ECUs

+-& Environment variables

|- Network nodes

- Messages

| @5 ReControl (0x10)

. -5 RxRegulatorConstant (0x12)
| @B TxConverterState (Ox11)

Name
& Position_RAW
S RPM
8 Torque

Message Multiplexin... Startbit Length [Bit]
TxMotorState - o 32
TxMotorState - 32 16
TxMotorState - 48 16

Byte Order
Intel
Intel
Intel

Value Type  Initial Value  Factor
Unsigned 0 1
Signed 0 0.047619

Signed 0 0.00047619

H TxRegulatorConstant (0x13)
B~ Signals
" CanPeriod

~ ConverterOnOff
" ConverterState

~ CycleCounter

"~ DefaultParameters
~ Error

~ KpT

~ KpT

A KpT_Dataflash

~ Kpw

A Kpw

~ Kpw_Dataflash [
A Position_RAW
" Position_RAW
-~ Regime

"~ Reset

~ RPM

~~ RPM

~ SaveParameters
AL SendRaMen12

~ |« 1

Offset

£
o oo =z

Message: TxMotorState, ID: 0x15, ID-Format: CAN Standard, DLC [Bytel: 8

Ready

Obr. 3.14 Struktura zpravy TxMotorState
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Message TxMotorState (0x15)' u

‘ Definition | £ Signals | B Transmitters | B Rece\vers‘ Lanyout ‘ _."r Attributes | Cnmment|

S e e e e

Multiplexor Signal: [— Mo Multiplexar —

RPN 47 46 45 4q 43 42 41 40
5
msb
e = 5 = = = 5 5
:
= Isb
Bitindex T
[ Inverted msh -

| QK | [ Starno Pougit

Obr. 3.15 Rozvrzeni zpravy TxMotorState

Zprava obsahuje nasledujici signaly:

Position_RAW — celé 4B informace o poloze rotoru z ¢idla.

RPM — znaménkové Sestndctibitové Cislo, které predstavuje mechanické otdcky motoru
[ot/min].

Pro prevod ¢isla do plovouci fadové ¢arky je pouzit faktor:
ttdefine SCALE_RPM (0.047619047) //maximalni maximalni otacky jsou omezeny na
prijmu dat z CAN na +- 1560 ot/min. Faktor je dan aplikaci v Canoe (0.047619047)

Torque — znaménkové Sestnactibitové Cislo které predstavuje moment motoru

Pro prevod ¢isla do plovouci fadové ¢arky je pouzit faktor:
#define SCALE_T (0.04516739) //maximalni moment omezen na prijmu dat z CAN na
max 14.4 Nm. Faktor je dan aplikaci v Canoe (0.04516739)

3.2.6 TxDataflash 0x17

Jedna se o zpravu, ve které jsou posilany parametry regulator, které jsou uloZzené v paméti
dataflash. Obsah zpravy a jeji rozvrzeni ukazuji Obr. 3.16 a Obr. 3.17. Pamét dataflash je mozné
prepsat aktivaci bitl SaveParameters nebo DefaultParameters ve zpravé RxControl.

w
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v ConverterOnOff
“ ConverterState

A CycleCounter
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v Error

~ KpT

A KpT

~ KpT_Dataflash

~ Kpw

~ Kpw

~ Kpw_Dataflash
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‘SH bR sk EEERD & RED
2 Networks = | Name Message Multiplexin.. Startbit  Length [Bit] Byte Order  Value Type Initial Value Factor Offset
£ ECUs = Kpw_Dataflash TxDataflash - 0 16 Intel Unsigned 0 1.53846e-006 0
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Message: TxDataflash, ID: 0x17, ID-Format: CAN Standard, DLC [Byte]: 8

Ready NUM

Obr. 3.16 Struktura zpravy TxDataflash

Message ‘TxDataflash (0x17)"

i
1
i

| | | Definiion | Ak Signals | -2 Transmitters | £ Recelvers‘ Layout | A Attibutes | Comment
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Obr. 3.17 Rozvrzeni zpravy TxDataflash

Zprava obsahuje nasledujici signaly:

Kx — neznaménkové Sestnactibitové Cislo které predstavuje pfislusnou konstantu regulatoru.

Kpw_Dataflash — proporcni konstanta regulatoru otacek (regulator uhlové rychlosti)
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Tau_w_Dataflash — ¢asova konstanta reguldtoru otacek (regulator thlové rychlosti)
KpT_Dataflash — proporéni konstanta proudovych regulatorf

Tau_T_Dataflash — ¢asova konstanta proudovych regulatorf

Pro prevod konstant do plovouci fadové ¢arky jsou pouzity faktory:

#tdefine SCALE_1 Kpw (1.0f/SCALE_Kpw)
#tdefine SCALE_ 1 Tau w (1.0f/SCALE_Tau_w)
#tdefine SCALE_1 KpT (1.0f/SCALE_Kpw)
#define SCALE_1_ Tau_T (1.0f/SCALE_Tau_T)

kde

#define SCALE_Kpw 650000.0f

#define SCALE_Tau_w 6500.0f

#tdefine SCALE_KpT 187.245714286F
#tdefine SCALE_Tau_T 187245.714281332f

4 Meéreni

Z dlivodu pozadavku na konstantni posuv synchronizac¢niho signdlu SyncCAN a posilané zpravy
CAN, byl tento fakt kontrolovan viz nasledujici oscilogram na Obr. 4.1. Proménnost posuvu
byla vypozorovana na nékolika udalostech v maximalni velikosti +0.2us od predkladaného
méreni.

Tek Frevu M 2.00ms
b
|2 4
14
i
ZoonﬁFactor:SOO b _ Zoqn1PosHion{—8.70ms _ _ _ _
. ’ ’ : 0 0O : ? ; ; :
...................... N T € -2.70004ms 100, 0y
D -2.69672ms —200.0mY

...... ﬂ332000]JS .ﬂ9000m\-’

(@ 250V (7 4.00ps 250MS/s 7 1 Aug 2017
SM points 8.50 13:36:28

Obr. 4.1 Oscilogram - posuv SyncCAN vs CAN zprava — méreni délky posuvu
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5 Zaveér
V této zpravé je proveden popis pohonu pro rameno robotu se synchronnim motorem

s permanentnimi magnety. Veskeré Casti zafizeni jsou popsany z hlediska uZivatelského
pouZziti.

Mérenim byl ovéfen témér konstantni posuv signdlu SyncCAN a posilané prvni zpravy CAN
s deviaci v Fadu desetin ps.
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