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Anotace

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

Klicova slova

Frekvencni ménic, synchronni motor s permanentnimi magnety, vektorové rizeni, 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. Zprava
tedy uzivatelsky definuje veskeré hardwarové a softwarové casti. Prvni ¢ast je vénovana
zakladnimu popisu hardwaru vSech soucasti: frekvencni méni¢, motor a interface pro
nadrazené fizeni. V druhé ¢asti je rozebrana softwarova ¢ast z dlvodu pochopeni funkénosti
a moznosti parametrizace zafizeni. 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, ménic kmitoétu a povelujici PC
s CANoe hardware and software interface pro nadrazené fizeni ménice po CAN sbérnici. Dale
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. Presné 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 tfifazového
napétového ménice (1 faze ménice neni vyuzivana). Popis vystupniho signalového konektoru
je uvedenv Tab. .

Pfednabijeci odpor Napdjeci zdroj 24V Sitovy jisti¢ pro Sitovy jisti¢
meziobvodu napajeni 24V pro napajeni
DC
meziobvodu

Konfiguraéni
deska
- hyperface

Prednabijeci i e Deska s budi¢i a
relé a8 méfticimi cidli

stfidace

S, Napajeci
napétovy ) ). TS usmérriovaé DC
stiidac = LB * it 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

W 00 N O U1 A W N BB

CAN_H a CAN_L - standardni signdly CAN sbérnice.

SyncCAN — pozadovany logicky signal, ktery se neguje vzdy pfi odesilani zprav sbérnice CAN.
Pomoci nafazeného fizeni Ize ménit tuto periodu viz signal CanPeriod ve zpravé RxControl.
Fyzicky se jedna o vystup otevieny kolektor.

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.
Jedotlivé vystupy jsou konfigurovany nasledovné:



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 vystupl prevodniku pro rezim Speed control:
KO: n,, — poZzadované mechanické otacky, rozsah: 1480 ot/min
K1: Isqy — poZzadovany proud, rozsah: £2,828 A
K2: n — méfené mechanické otacky, rozsah: 1480 ot/min

K3: Isq — méfeny moment, rozsah: +2,828 A

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

K3: Isq — méfeny moment, rozsah: +2,828 A



Konfigurace vystupl prevodniku pro reZzim Torque request:
KO: neni vyuzivan
K1: Ty, — poZzadovany moment, rozsah: 14.4Nm (+£3Ty)
K2: n — mérené mechanické otacky, rozsah: £1480 ot/min

K3: T— méreny 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 ndslednymi vysvétlivkami v podobé Obr. 2.4, Obr. 2.5 a
Obr. 2.6, které jsou ziskany z manuall 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 Mn 4.7 Nm
Rated AC Current In 20 A
Stall Torque Mo 4.8 Nm
Stall AC Current lo 1.96 A
Peak Torque Mmax 14.4 Nm
Peak Current Imax 7.0 A
Max. Speed Nmax 12000 min™
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 min™
Torque at Imax/Un Mz 14.2 Nm
Speed at Imax/Un Nz 490 min™
Max. Torque at nn Mx 14.1 Nm
El. Time Constant Tel 3.0 ms
Mech. Time Constant T mech 0.68 ms
Thermal Time Constant | Ty, 30 min
Rotor Inertia J 1.5 kgcm2




TGN3-0205-45-560/T1PBS4WKX-RO1
— | |

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

| Motorwith brake {no coding— without brake) |

Connector type (no coding — upright to motor shaft)
51 —rectangular to shaft. 52 — rectangular to rearwards,
Stall torque (0205 = 2,05 Nm) | 53 - rectangular to sides, 54 — rectangular rotary,
I —itec straight connector. |4 — itec rotary connector,
¥ = ylec rotary connectors

(30= 3000 rpm) ] |0ptlono[ Ingress protection V = IPES, W = IPG7 {no coding = IPG4) |
| K - cable i |
DCi iate circuit voltage (36, 320, 560 V) |
[other |

Temperature protection {TO — termocontact,

T1-PTC111-K13, T3 KTYB3-110, T4 — KTY84-130) | | Feedback type

Obr. 2.4 Definice kddu motoru

S- Sick (Hiperface, HDSL)

Sick EKS36 (HDSL),

S0 single-turn, 17 bits
502 Sick EKM36 (HDSL).
multi-turn, 17 bits
; Sick EKS36 (HDSL),
2k single-turn, 18 bits
S04 Sick EKM36 (HDSL),

multi-turn, 18 bits
; Sick EKS36 (HDSL),
S05 single-turn, 20 bits
Sick EKM36 (HDSL).

08 multicturn, 20 bits

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

522 Sick SAMS0 (Hiperface),

multi-turn, 1024 imp./rev,
s33 5_fl:l-t SKS36 (Hiperface),
single-turn, 128 imp./rev.
Sick SKM36 (Hiperface),
multi-turn, 128 imp./rev.
525 Sick SEK34 (Hiperface),
single-turn, 16 imp./rey.
526 Sick SEL34 (Hiperface),
multi-turn, 16 imp.frev,
527 sick SEK37 (Hiperface),
single-turn, 16 imp.frev.
<28 Sick SEL37 (Hiperface),
multi-turn, 16 imp./rev.
529 S_'r:lt SEKS2 {Hiperface].
single-turn, 16 imp./rev.
Sick SELSZ (Hiperface),

524

E multi-turn, 16 imp./frev.

531 Sick SEK90 (Hiperface),
single-turn, 64 imp.frev.

s3p 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
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2.3 Nadrazené Fizeni

Z pohledu hardware je nadtfazené 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 kartezkych 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 tvoreny tridami nebo
funkcemi vjazyce C/C++. Zakladem je jiz zminované zakladni vektorové fizeni v tridé
C_PMSM_VC_Variant_1. Tato ¢ast se stard o regulaci jednotlivych proudi I a Isq. PoZadavky
pro tyto proudy tvofi jak reguldtor otdcek R, (poZadavek l,), tak smycka odbuzovani
C_SM_Flux_Weakening (pozadavek ls4). Prostfednikem mezi témito bloky a zdkladnim
vektorovym Fizenim je blok C_PMSM_VC_Beta_limitation. Pro danou aplikaci dochazi pouze
k omezovani vektoru proudu na maximalni hodnotu motoru, ale neni vyuZivana cast
omezovani zatézného uhlu, kterou provadi regulator R,q. Jeho zesileni jsou tedy nastaveny
na nulové hodnoty. Dany kéd podporuje prepinani rezima regulace otacek (Speed control),
regulace proudu i (isq request) a regulace momentu (Torque request). V reZimech regulace
proudu is; a regulace momentu je vyfazen regulator otacek a pozadavek je pFimo
nasmeérovan do signalu, ktery vychazi z regulatoru otacek.

Déle je uveden vycet parametra a jejich hodnoty, které je nutné nastavit pfi inicializaci fizeni.

Vycet parametri:
/2017_05_18 dif@1C_VC_PMSM_classes_offline/source/application/main.cpp

Radek koédu 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.Isqw_Calcul.Contr_Wr.Tau=TR_WR;

12
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Déle je nutny parametr jmenovitého napéti ve stejnosmérném meziobvodu Ucy. Z divodu
toleranci v siti je toto napéti méreno a to po procesu prednabiti meziobvodu.

/2017_05_18 dif@l1C_VC _PMSM_classes_offline/source/application/main.cpp

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

Hodnoty konstant (popfipadé inicializac¢nich hodnot) parametra:

/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.*/
#define 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
#define LS 23.3e-3f /**< [H] stator inductance.*/
#define PP 5.0f /**< [A] Number of pole pairs.*/
/** \} * /

/** \name Motor inverter control parameters.

* \{ * /
#define 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.*/

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

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

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

#define INV_ISDW_MAX 0.0f /**< [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 100@e-6f /**< [s] Speed loop sample time.*/
//#define WR_EXP_FILTER_LENGTH 10u//wr Exponential filter length

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

#tdefine KP_WR ©0.0005f
#define TR_WR 0.1f

//current control

#define INV_KP_IS 200.0f//50.0f//100.0f /**< [-] Proportional constant of
stator current PI controllers.*/
#define INV_TR_IS 0.0025f//0.01f /**< [s] Time constant of integration

part of stator current PI controllers.*/

14



#define INV_DUSDW_MAX 1000.0f  /**< [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.*/

#define 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_HighLevel 360.0f

#define CHARGING_LowlLevel 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
#define INV_PROTECTION_CURRENT_LIMIT 8.9f /**< [A] Maximal inv. current.*/

3.2 Nadrazené fizeni

Nadrazené fizeni je zakladné provedeno v grafickém prostfedi vyrobce CAN interface.
Povelovani pohonu je mozné zakladné pres tzv. Interactive Generator Block (IG) viz Obr. 3.2
a Obr. 3.3. Pomoci tohoto objektu je moiné konfigurovat odesilané zpravy a odesilat je,
popfipadé nastavit jejich automatické, periodické odesilani. Dané zprdvy musi byti predem
nakonfigurovany. Jejich strukturu a jednotlivé bity seskupené do signalt uvadi Obr. 3.4 a
Obr. 3.5. V nasledujicim textu budou detailné rozebrany jednotlivé zprdvy a jejich signaly.
Oznaceni zprdv Rx a Tx je brano z pohledu frekvenéniho ménice.

Msg Par:-_:_wg_; Triggering Data Field
| Channel | DLC | Send | CycleTimefms] |0 | 1|2 |3 4|5
ol ..|CAN1 - |4 ~-| now [ 380 ———F13 4 0 0 | |
gulatorConstant . |CANT - |4 __'_j now |[X] 1000 ———]
| | [

Message Name

« 1 Y Standard [CANYLIN/ | « |

l R[= '“ Clone “Special Frame '] l Delete ] l Cut “ Copy

_SBi_Si_gnaI Name | Raw Value Phys Value :ﬂiDe;'Phys Stepfln_c_ ~ Wave form generation |

16| Setpoint [0 = | - |78.0238095 + | |None | Define..

4 SendRoMegls X1 | 0

6 E_Beset o | '

2 Regme 0
_?_: ConverterCOnOff '|:|{]'
8 | CanPeriod 4

| *

None Define... |
| None | Define...
None Define... |

| None | Define...
MNaone Define...

[+ 1+ [+ |+

Defaultinput mode: CAN

br. 3.2 |G pro fidici zpravu RxControl
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Msg Params Triggering Data Field
Channel | DLC Cycle Time [ms] 0 3| 4
fav_rameno:RxContral . | CANT - 380 |——
fav_rameno:RxRequlatorConstant .| CANT - 1000 j=—m——] JE

Message Name

"¢y \Standard [CANYLIN/ | « |

R[=r I'H Clone “Special Frame'r] l Delete ] l “ Copy

Signal Name | Raw Value | Phys Value | Unit Phys Step Wave form generation
Kpw 7EF4  -2-0.005000000C 0.00050415 None Define...
0 | Tauw 28A —2-10.1000000000 0.50415384 MNone Define...

Defaultinput mode: CAN

E',_ Eile Edit View Options Window ﬂelp
FHBE e L BEEEAEE & REM
-4 Networks Name D ID-Format DLC [Byte] Tx Method Cycle Time Transmitter ~Comment
£ ECUs « B RxControl 0x10  CAN Standard 4 <nas 0
-~ Environment variables x* B RxRegulatorConstant 0x12  CAN Standard 4
_}; odes »+ B TxConverterState 0x11  CAN Standard 8 <na> [t}
= «* B TxRegulatorConstant 0x13  CAN Standard 4

El

m

- E RxControl (0x10)
|4‘r7 & RxRegulatorConstant (0x12)
= TxConverterState (Ox11)
If &= TxRegulatorConstant {0x13)
=" Signals
----- “v CanPeriod
“v ConverterOnOff
----- ~v ConverterState
~ Error

v Position_RAW
-~ Regime
“~~ Reset

----- ~ SendRgMsgl3
~ Setpoint

4 Message(s)
|IReady NUM _;;

Obr. 3.4 CAN zpravy

16



[-]=] =]
EHBPR|2E HlEmen
E I Networks Name Length [Bit] Byte Order Value Type  Initial Value  Factor Offs.. Mini.. Max.. Unit Value Table Comment
B ECUs ~ CanPeriod 4 Intel Unsigned 0 1 0 0 0 <none>
L Environment variables ~ ConverterOnOff 1 Intel Unsigned 0 1 0 0 0 <nones
Network nodes . Converterstate 1 Intel Unsigned 0 1 0 0 0 <nones
;e;féiiml — . Error 4 Tntel Unsigned 0 1 0 0 o <none>
B ~ Kpw 16 Intel Unsigned 0 153846e-007 0 0 0 <none>
& & TxConverterState (0x11) ~ Kpw 16 Intel Unsigned 0 1.53846e-007 0 0 0 <nones
[-E2 TxRegulatorConstant (0x13) ~ Position_RAW 32 Intel Unsigned 0 1 0 0 0 <none>
= ~ Regime 2 Intel Unsigned 0 1 0 0 0 VtSig_Regi.
- CanPeriod ~ Reset 1 Intel Unsigned 0 1 0 0 0 <nones
"~ ConverterOnOff ~ RPM 16 Intel Signed 0 1 0 0 1} <none>
v ConverterState ~ SendRgqMsg13 1 Intel Unsigned 0 1 0 0 0 <none>
v Emor ~ Setpoint 16 Intel Signed 0 0.0238095 0 0 0 <nones
N o ~Tauw 16 Intel Unsigned 0 0.000153846 0 0 0 <none>
: s;‘:’ﬁun e ~Tauw 16 Intel Unsigned 0 0.000153846 0 0 0 <none>
B Regimei » ~vTorque 16 Intel Signed 0 0.0001 0 0 0 <none>
v Reset
~ RPM
~~ SendRgMsg13
v Setpoint
=" Tau_w
=" Tau_w
~~ Torque
2] n | »
15 Signal(s)
Ready NUM

Obr. 3.5 Signaly CAN zprav

3.2.1 RxControl 0x10
Jednd se o zdkladni Fidici zpravu ménice. Jeji popis a rozvrzeni ukazuji Obr. 3.6 a Obr. 3.7.

Zprava obsahuje nasledujici signaly:

ConverterOnOff — slouzi k zapnuti a vypnuti spinacich signall ménice, tedy stejnosmérny

obvod ménice je stdle pfednabit a napdjen, ale vypina se pouze napajeni motoru.

1-Zap, 0-Vyp

5 Networks

.8 ECUs
< Environment variables
£ Networknodes

55 Messages

="V Signals

-
B RyRegulatorConstant (0x12)
1 TxConverterState (0x11)
&3 TxRegulatorConstant (0x13)

~ CanPeriod
~ ConverterOnOff
~ Converterstate
~ Eror

~ Kpw

~ Kpw

~ Position RAW
1~ Regime

~ Reset

~ RPM

~ SendRqMsg13
~ Setpoint

~ Tauw

~ Tauw

~ Torque

Message

Multiplexin..

Startbit

o w o s N

Length [Bit]

BRR RN

Byte Order
Intel
Intel
Intel
Intel
Intel
Intel

Value Type
Unsigned
Unsigned
Unsigned
Unsigned
Unsigned
Signed

Initial Value  Factor

S kb

0238095

Offset

cocoocoo

Minimum

cocoooo

Maximum  Unit

cocoocoo

Value Table
ViSig_Regi
<none>
<none>
<none>
<none>

<none>

<1

Commy|

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

Ready

Obr. 3.6 Struktura zpravy RxControl
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Message "RxControl (0x10)' M

| Definition | B4 Signals | L Transmitters | & Receive_rs_| Layout | Apibutes | Comment|

Multiplexar Signal; I— I hultiplexor— ']

4

S 47 46 45 44 4 42 4 40
To Back 5

£5 54 53 52 51 50 2 48

Add.. : k

-

83 6z &1 80 =] 58 57 =5
Bitindex 7

[inverted -

I I S?_orno ‘ [ Pouzit

Obr. 3.7 RozlozZeni zpravy RxControl

Reset — provadi kompletni restart fidici karty a software. BEhem opétovného ndbéhu je
provedeno prednabiti stejnosmérného meziobvodu a odmazani errordi ménice.

1 - reset stav, O - neaktivni
Regime — nastavuje rezim pohonu resp. vektorové regulace

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

SendRqMsgl13 — umoZiuje zapnou nebo vypnout posilani zpravy s hodnotami konstant
regulator(

1 —zprdva 0x13 je posilana, 0 - zprava 0x13 neni posilana

CanPeriod — Ctyrbitové Cislo jimZ je mozné nastavit periodu CAN komunikace od trojnasobku
periody vzorkovani fizeni pohonu (3x100us) aZ do Sestnactindasobku (16x100s). Je zde
provedeno omezeni na min délku periody o délce trojndsobku periody vzorkovani fizeni
pohonu z divodu rychlosti posilani zprav.

0,1,2-Tean = 300”.5, 3—Tean = 400|JS,' F—Tcan = 1600].15
pro periodu vzorkovani fizeni pohonu 100us

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

1) pozadovanou uhlovou rychlost rotoru v elektrickych stupnich

Pro prevod &isla do plovouci fadové ¢arky je pouzit faktor:
#tdefine SCALE_w (1.0f/42.0f)//42scale ... 1480rpm->775 wr
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Float hodnota poZadavku muZe tedy nabyvat hodnot cca £780 rad/s (elektrickd Uhlova
rotorova rychlost)

2) pozadovany moment motoru

Pro pfevod cisla do plovouci fadoveé ¢arky je pouZzit faktor:

#define SCALE_T (1.0f/10922.0f)//ca 14.4 Nm max

Float hodnota pozadavku m(zZe tedy nabyvat hodnot cca +3 [-], kde se jednda o
normovanou hodnotu s normou o velikosti jmenovitého momentu T = 4.8Nm. Maximalni
pozadavek je tedy £14.4Nm.

3.2.2 TxConverterState Ox11

Jednd se o status zpravu méniCe. Jeji popis a rozvrieni  ukazuji

{FT! Vector CANdb++ Editor - C:\Users\Canoe03\cidam_fav_rameno\fav_rameno.dbc - [Overall View] & &

T File Edit View Opti Window Help
SHBE[E ElEl=EEE]
4 Networks Name
B ECUs

Muiltiplexin... Startbit Length [Bit] Byte Order  Value Type  Initial Value Factor Offset  Minimum  Maximum  Unit Value Table  Comr|
- 0 32 Intel Unsigned 0 1
32 16 Intel Signed 0
48 4 Intel Unsigned
56 it Intel Unsigned

0 <none>
< Environment variables

£ Network nodes
E-E Messages
| @8 ReControl (0x10)
B RxRegulatorConstant (0x12)
2
+ B TxRegulatorConstant (0x13)
=V Signals
A CanPeriod
~ ConverterOnOff
A ConverterState
A Error
~ Kpw
~ Kpw
A Position_RAW
B~ Regime
v Reset
~ RPM
~ SendRqMsg13
A Setpoint
A Tau_w
A Tau_w
A Torque

<none>

cooo

0
0
0
0

S

0
0 <none>
0

<none>

[ il J »
Message: TxConverterstate, ID: 011, ID-Format: CAN Standard, DLC [Bytel: 8
Ready NUM

Obr. 3.8 a Obr. 3.9.

{FT! Vector CANdb++ Editor - C:\Users\Canoe03\cidam_fav_rameno\fav_rameno.dbc - [Overall View] & &

T File Edit View Options Window Help [-[=] =]
FHBE f: & ENEEE | & BED
-4 Networks Name Message Multiplexin.. Startbit  Length [Bit] Byte Order  Value Type Initial Value  Factor Offset  Minimum  Maximum Unit Value Table  Comr|
B ECUs sition_RAW T - 0 32 Intel Unsigned 0 1 0 0 0 <none>
< Environment variables a3 15 — Sitine] 0 0 Signes
<t Networicnodes: 48 4 Intel Unsigned 0 1 0 0 0 <none>
0

£ Messages
56 S Intel U d
[+ ReControl (0x10) ntel nsignet

B RxRegulatorConstant (0x12)
i

+ & TxRegulatorConstant (0x13)
=V Signals

A CanPeriod

~ ConverterOnOff

A ConverterState

~ Error

~ Kpw

~ Kpw

~ Position_RAW

B~ Regime

v Reset

~ RPM

~ sendRaMsg13

A Setpoint

A Tau_w

A Tau_w

A Torque

"
°
o

"
°
o

<none>

[ il J »
Message: TxConverterstate, ID: 011, ID-Format: CAN Standard, DLC [Bytel: 8
Ready NUM

Obr. 3.8 Struktura zpravy TxConverterState
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Message 'TxConverterState (Ox11) lth

Definition I £ Signals [ B Transmiters [ = Receiversi Lawout |_._i. Adtributes Commem%

bultiplexor Signal: |7 Mo Multiplexor— - ‘
T 6 5 4 3 i 4 0
Position_RAWY T
0
Position_RAW 1=
1
Position_RAW 27
2
Position_RAW 21
3
RPM 2]
| Arrange | ;i
| To Front | FE’M 4
5
| To Back | fih
ES 54 53 Error B 23] 43 8
[ e s
| b sb
| Bemowve | e = X a0 =0 58 7]
Bitindex =
[ invernted ¥

Ok || Storno Pouit | Mapavéda ‘

Obr. 3.9 Rozvrieni zpravy TxConverterState

Zprava obsahuje nasledujici signaly:
Position_RAW - celé 4B informace o poloze rotoru z idla.
Torque — znaménkové Sestnactibitové Cislo které predstavuje moment motoru

Pro prevod ¢isla do plovouci radové ¢arky je pouzit faktor:
#tdefine SCALE_T (1.0f/10922.0f)//ca 14.4 Nm max

Float hodnota poZadavku muzZe tedy nabyvat hodnot cca +3 [-], kde se jedna o normovanou
hodnotu s normou o velikosti jmenovitého momentu T = 4.8Nm. Maximalni moment je tedy
+14.4Nm.

Error — indikace erroru ménice. Nasleduje zablokovani spinacich signald ménica a uvedeni do
error stavu s vyblikdvanim kodu erroru pomoci FPG_LED_ERROR. Pro vymazdani 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 zafazen

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

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 Igyax = 8.9A (okamzita
hodnota)
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6 — VOLTAGE_ERROR - napéti DC meziobvodu mimo bezpecné meze (168V, 440V)
7 — OVERSPEED - prekroceni maximalni rychlosti nyax= 1480rpm => 775rad/s

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

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

ConverterState — indikace chodu ménice

1-Zap, 0-Vyp
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3.2.3 RxRegulatorConstant 0x12

Jedna se o zpravu nastavujici konstanty Pl reguldtoru otacek. Popis a

Obr. 3.10 a Obr. 3.11.

rozvrzeni zpravy ukazuji

T Vector CANdb++ Editor - C:\Users\C: 1_fav_r - [Overall View] . -

(=1E

¥ File Edit View Options Window Help

[-]=]x

EEIEEEE

@5 Networks
\-m ecus

1 Environment variables

|2 Network nodes

£/ Messages

| @ RxControl (010)

] FoeouiatorConstant (02
| BB TxConverterState (0x11)
&5 TxRegulatorConstant (0x13)

ReRegulat 0 16 Intel Unsigned

16 16 Intel Unsigned

® Kpw ReRegulat

A ConverterOnOff
v ConverterState
~ Error

~ Kpw

~ Kpw

~ Pasition RAW
@~ Regime

~ Reset

Message Multiplexin.. Startbit  Length [Bit]  Byte Order  Value Type

Initial Value

Factor
0.000153846
1.53846€-007

Offset
0
0

Maximum  Unit

0
0

< il

Value Table

<none>

<none>

Con|

Message: onstant, ID:0x12, ID-Format: CAN Standard, DLC [Byte]: 4

Ready

Obr. 3.10 Struktura zpravy RxRegulatorConstant

-

Message 'RxRegulatorConstant (0x12)'

| Diefinition | S Signals | 2. Transmitters | £ Receivers_‘ Layout | A Atributes Cumme_mfl

hultiplexor Signal I—ND Multiplexar—

= &b 0|
Kpw 3 an 28 26 i 25 sl 24
3
mah
39 33 =¥ 35 35 4 33 32
.
5
= &4 53 52 51 53 4z 48
A, 5
53 B2 &1 80 a0 &8 &7 5
Bitindex T
[ irvverted -
I Ok I | Starno Pauit || MépovEda

Obr. 3.11 Rozvrzeni zpravy RxRegulatorConstant
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Zprava obsahuje nasledujici signaly:
Kx — neznaménkové Sestnactibitové Cislo které predstavuje prislusnou konstantu regulatoru.
Kpw — proporéni konstanta regulatoru otacek (reguldtor uhlové rychlosti)

Kiw — integracni konstanta reguldtoru otacek (reguldtor Uhlové rychlosti)

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

#define SCALE_1 Kpw (1.0f/SCALE_Kpw)
#define SCALE_1_Kiw (1.0f/SCALE_Kiw)

, kde

#define SCALE_Kpw 6500000.0f
#define SCALE_Kiw 65000.0f

3.2.4 TxRegulatorConstant 0x13

Jednd se o zpravu s aktudlnimi konstantami Pl regulatoru otacek, ktera je odesilana méni¢em
na pozadavek pomoci jednotkového signalu SendRqMsg13 ve zpravé RxControl. Popis zpravy
a jeji rozvrieni ukazuji Obr. 3.12 a Obr. 3.13.

¥ Vector CANdb-++ Editor - CAUsers\Canog03\cidam, fav_rameno\fav.rameno,dbc - verall View] [=]E s
¥ File Edit View Options Window Help _[=]x
SHBE 2 L EEEABRD & BED
o B Networks Name Message Multiplexin.. Startbit  Length [Bit]  Byte Order  Value Type Initial Value  Factor Offset  Minimum  Maximum  Unit Value Table  Con|
-8 ECUs  Tau_ TxRegulatorConstant 0 16 Intel Unsigned 0 0.000153846 ] 0 0 <none>
& Environmient vanables ® Kpy TxRegulatorConstant 16 16 Intel Unsigned 0 1.53846e-007 0 0 0 <none>
= Network nodes

&5 Messages

| 53 RxControl (0x10)

& RxRegulatorConstant (0x12)
55 TxConverterState (0x11)

b RegulatorConstant (0x13)
=1~ Signals

A CanPeriod

~ ConverterOnoff

~ ConverterState

A Error

~ Kpw

~ Kpw

~ Position RAW

~ Regime

~ Reset

~ RPM

~ sendRqMsg13
~ Setpoint

~ Tauw

~ Tauw

~ Torque

<

i

Message: TxRegulatorConstant, 1D:0x13, ID-Format: CAN Standard, DLC [Bytel: 4
Ready

Obr. 3.12 Struktura zpravy TxRegulatorConstant
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: &nge.TxRe_guiatorGo_nstant. [[}x13j'

tultiplexor Signal:

Bitinclex
Invertad

Lt

Obr. 3.13 Rozvrzeni zpravy TxRegulatorConstant

Reprezentace jednotlivych konstant a jejich prfepocet na desetiné Cislo je totozny s predchozi

zpravou RxRegulatorConstant.
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4 Meéreni

Z dlivodu poZadavku na konstantni posuv synchronizacniho signdlu SyncCAN a posilané
zpravy CAN byl tento fakt kontrolovan viz nasledujici oscilogram na Obr. 4.1. Proménnost
posuvu byla vypozorovana na nékolika uddlostech v maximalni velikosti +0.2us od
predkladaného méreni.

Telk Prevu M 2.00ms
b
|2 &
[ 1
[l
ZoomFactor, 5004 ZoomPositiom: ~§.bms
: : : : e 0O - : : 5 5
...................... PR @ -2 70004ms 100, 0mY
D -8.69672ms —200.0mY

...... Lo L. L. o N - &332000}15 &gooom\u‘l

(@ 250y )(Z 4.00ps 250MS/s s 1 &ug 2017
5M points 8,50V 13:36:28

Obr. 4.1 Oscilogram - posuv SyncCAN vs CAN zprava — méreni délky posuvu

5 Zaver
V této zpravé je proveden popis pohonu pro rameno robotu se synchronnim motorem

s permanentnimi magnety. Veskeré casti zafizeni jsou popsany z hlediska uZivatelského
pouziti.

Mérenim byl ovéren témér konstantni posuv signalu SyncCAN a posilané prvni zpravy CAN
s deviaci v fadu desetin s.
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