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Release NotesNew Firmware Version for Maestro
Versionx.1.7.0 and Library Update 25

1. General

¢ K 8lma@ge X 1.7.0 B01 2017 04 05.Xmst A a | Yy Sg FANGoldandPlathiBrt S| &S T
Master Motion Controller

The majoix.x.x.x version. When it is tilfnage_\1.1.7.9 B01 2017 04 05.gms)¢itis a GMAS
version. When is is it is Platinum@image_v2.1.7.0 BO1 2017 04 05 IEC 1.0.0.3)pm

The GMAS and Platinum versions will always be released together.

New libraries were released as well. Versiob @¥the libraries include an additional directory that
is specific to the Platinum Maestro. This is un@dASIib\platinum. Asfaras t L Q&> Ay Of dzRS
directoriesc it is 100% compatible with the existing Gold Maestro.

The main issues of this release are the following:

New IEC programming Environment

SlLg Software In The Loop

Profiler Simulator now released in win32 and .NET interfaces.
Full support for download FoE at 250us cycle time.

Known Issues:

- Inserting a Sop command when there are more than 150 Function Blocks in the Motion
Queue (whether the axis ia Single or Group axign causea crashin the Platinum
Maestro. There are no known issues when there are less thaB0 Function Blocks the
motion queue.
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1.1 Enhanced IEC programming Environment z PMAS Only
This version now supports an additional and enhanced IEC programming environment. In addition to
the legacy environment supported in the EASe now supprt the Codesys programming
environment.

The legacy environment will be supported for approximately 1 year from this release.

The EAS identifies which environment the user is working in, and suggests the new environment.
This is done by reading theC_RTTYPE_AQ¥arameter from the Maestro. If it is 1 (enhanced) ,
starting the runtime shall start the Codesys runtime. Otherwise the legacy runtime will be started.

The user will be recommended to use the new environment;

9 A New Enhanced Stand Alone IEC Environment is configured as your Default IDE.
Do you want to Launch the new IDE or re-configure the legacy environment 7

Launch New IEC IDE (Recommended) m Re-Configure the Legacy Environment

Startng / stopping the runtime wille via the same interface:

Disconnect

Set PreCperational Mode

Link Project...

Unlink Project

Start Runtime

Allow Run at Startup

Please refer to the following document in order to program in the new IEC environment:

XXXXX
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1.2 Enhanced IEC Version and Packages
The new Firmware inctles the legacy IEC and the enhanced IEC within thevfirenimage.

TheEnhanced IEC version is stated in the firmware version. This is the identifier of the IEC version.
ulmage_v2.1.7.0_B01_2017_04_05_IE®.0.3pms

Inthe case above i KS @SNBA2Y A& Mnnud ¢KAA OSNEAZ2Y ARSY (A
IDE gle.

When installing a package (always released together with a firmware vegsibe)ollowing is
installed:

- Elmo Motion Control Devices
- Elmo Motion Control Components.
- Documentation.

The user does not need to be confused as to what is supported and where. The IEC nuatitmes
the package release. In the futugavhen updated packages are releasgthe previous package can
be uninstalled via th®ackage Manager.

Elmo Motion ControDevices
The devices supported atke following:
Elmo Platinum Maestro Device (The Hard Realtime PLC).

1. Elmo Master Device (Scanner Device).
2. Elmo Modbus

=gl Unbtled2 l:l I
= m Enzlwce (Elma Platinum Maestro) % cut
= PLC Logic
) By

=1} Application opy

m Library Manager Paste

PLC_PRG (FRG) W Delete
= @ Task Configuration — N

= @ MairTask |
& pLc_PRG Properties...

i Add Object v

) AddFolder...

| Add Device...

lindats Nevice
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After creating a new project by defaultg the project includes the ElImo Platinum Maestro
together with anElmo Master Device

o

= m Device (Elmo Platinum Maestra)
=0 PLE Logic
=} Application
m Library Manager
PLC_PRG (PRG)
= @ Task Configuration
= @ MainTask
& pLC_PRE
et |EImc_Masber_Devioe (Elmo Master Device)

Scanning For Devicshkall return the Ethercat configuration with the names and Axis References of
the Ethercat slaves. Via this configuratipone canrmh LJ @1 NA | 6f S& (G2 LhQao

=B PLC Logic |
= ":, Application Applications
m Library Manager
PLC_PRG (PRG) Backup and Reston
= @ Task Configuration )
Files
= @ MairTask
‘ &) pLc_PRG Log
## | Elma_Master_Device (Elmo Master Device)
4 cut
Copy
Faste
¥ Delete
Erowse >

Properties...
Add Object
) AddFolder...

Insert Device...

Scan For Devices...

Disable Device

Update Device...

Scan Devices B ||

Scanned Devices

m Device (Elmo Platinum Maestra)
=B PLC Logic
=L} Application
m Library Manager
PLC_PRG (PRG)
= @ Task Configuration
= @ MainTask
&1 PLC_PRG
= ant |EImo_MastEr_Dech {Elmo Master Device)
EELESS [l Elmo_brive (Eimo Drive)

Copy Al Devices to Project | [ Close m Elmo_Drive_1 {Elmo Drive)
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Elmo Modbus Device

Anotherdevice type is the Modbus device. By adding this compogdiné¢ user can set
Read/Write memory regions within the Maestro and map specific Modbus variables to
program parameters

ﬁﬂ Device (Elma Platinum Maestro) Internal Parameters Find Fiter Show all -
== F;I‘.}C‘I;oglcr . | nterns| 10 Mapping Variable Mapping  Channel  Address Type
=i} Application
= Read
fill] Library Manager - K;a - — —
readfrom
PLC_PRG (PRG) Status . « :
- @ Task Configuration ] readcount %QD3 DWORD
& MariTack Information 4y readbuff FIWS ARRAY [0..49] OF WORD
= lBinTas
"””@ A = write
. " " writeto %QD4 DWORD
¢ Elmo_Master_Device (Elmo Master Device) "
B . ] writecount %QD5 DWORD
m Elmo_Drive (Elmo Drive) " 3
0 Eimo.rve._t o brve) + " writebuff QW12 ARRAY [0..49] OF WORD
Imo_Drive_1 (Elmo Drive]
¥ Emo Modbus (Eimo Modbus)

EImo MotionControl Components

9fty2zQa O2YLRYySyida IINB ldzi2YlIGAOlIfte& AyadltfsS]
the component; the user must add the relevant library to the projedirom the Codesys
repository flata base).

= > x ﬂi Device m Library Manager X
| Lngted2 s Add library Delete library | 57" Properties Details | 5] Placeholders | (fiff Library repository
m Device (Elmo Platinum Maestro)
=21 pLC Logic Name MNamespace Effective version
=1} Application Hoe
m Library Manager +oew e GmbH
PLC_PRE (PRG) Hoal Io g
= @ Task Configuration Standard = Standard, 3.5.9.0 (System) Standard
=g MainTask
&) pLc_PRG

The following libraries components are available:

i Add Library

Enter a string for a fulltext search in all libraries...

Library | Placeholder

Company: [FJmo Motion Control

8: (Miscellaneous)
[+5 Elmo TypesLIB  1.0.0.2
ElmoDriveFunctions
ElmoFieldbusEtherat
ElmoGroupCoardination
ElmoHostCommunication
ElmoSinglefds  1.0.0.2
ElmoSynchronizationAndMasterdave ool
ElmoSystemAdministrative  1.0.0.
ElmoSystemFunctions  1.0.0.2
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1. Single Axig Functions, Functin Blocks, EMBLS related to single axis.
- Motion
- Homing
- Axis Functions
- Position to Force
- Axis Status and Parameters
2. Group Coordination
- Homing
- Axis Functions
- Position to Force
- Axis Status and Parameters
- Motion
- Homing
- Raster Scanning Motions
- Transformations
- Group Statuses and Parameters
- Group Axis Functions
- Synchronized
3. Synchronization and Master Slave
- Superimposed
- ECAM
- Gearing
- JoyStick
- Trajectory
4. Fieldbus Ethercat
- Configurations
- Process Image
- Diagnostics
5. ELMO Drive Functions
FeedBack Emulation
Output Compare
Binary Interperter
- EOE
- COE
- Digital 10s
6. Host Communication
- Modbus
7. System Functions
- Error correction
- System OC
- TouchProbe
- Motion Queue
- State Conditional Waits
System Administrative

o
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- Statuses and Parameter
- System Functions

- Error Policies

- Error handling

- BulkRead

Please see Appendix of this version for Bl LFunction Block and Function list.

Documentation

From within the library manageythe user can select the relevant Function Block and see
the relevant documentation:

Clogc WL
} Application

() Library Manager

PLC_PRG (PRG)

Task Configuration
= & MainTask
&) pLc_PRG

no_Master_Device (Eimo Master Device)

roupCoordination 1002
EmesingleAxs 1002
onizstionAndMasterslave  1.0.0.2

Standard 3.5.9.0

| [1nputs/Outputs [ Graphical | Decumentation |

MC_MoveAbsolute (FB)

FUNCTION_BLOCK MC_MaoveAbsolute

HE_MoveAbsclute

dx Rt — o

MG BRCGTIGN M —
1G_BLFFERED_WODE_ENUM —

MC_MoveAbsolute

“MC_MoveAbsolute”

Function Naming Conventions

- If thefunction is part of the PLCOpen standgrthe function name shall remain 4s.
- Elmo Functions i.e. HomeDS460@hich is an Elmo FBshall have a prefix of EM_
- C2NJ 9a. [ Qa 0 9 Librazy) Furktions Bhall have AandEML_ prefix.

Release NotesMaestro Rev x 1 7 0 ver 2.docx Page9 of 298
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1.3 Enhanced IECz Highlight Features
As part of thenew IEC environmergi K SNB | NB
features that were developed by EImo:

Events from Maestrg Events age easily configured. Project templates shall include
examples for supporting events.

Multi Taskingg A built in feature of the Enhanced IEC environment.
50 pLC Logic
=1} Application
m] Library Manager
Program_1 (PRG)
|Program_}‘_ (PRG)
= @ Task Configuration
=58 MainTask
@ Program_1
=g Taska
@ Program_2

We can have 2 programs. Each program can run from a different task. Each task can be
assigned a diérent priority and type:

B Device {Elmo Platinum Maestra)

=l PLC Logic 1
Priori 0.31 ):
=1} Application AL )
m Library Manager Type
Program_1 (PRG) Interval (e.g. t£200ms): t#20ms
Program_2 (PRG)
= @ Task Configuration Watchdog
=g MainTask Flenab
@ Program_1 Enabie
=g Task2 Time (e.g. t#200ms):
@ Program_2
=¥’ Elmo_Master_Device (Elmo Master Device) Sensitivity: =

m Elmo_Crive {Emo Drive)
m Elmo_Drive_1 (Elmo Drive)

¥ Elmo_Modbus (Elmo Modbus)

Add Call Remaove Call Change Call Move Up Move Down | *= Open POU
3 ] p P

POU

Comment
Program_1

Deterministic Task A deterministic task AKAExternal-A a
runs at the RealTime core, and is executed at the end of the cycle call.

Release NotesMaestro Rev x 1 7 0 ver 2.docx
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1‘] Device (Elmo Platinum Maestro)

=B PLC Logic o .
= u Application Priority { 0..31 ):
m Library Manager Type

Program_1 {PRG) External event: |OnSyncTimer
Program_2 (PRG)
= @ Task Configuration

Watchd
= @ MainTask o
[ Enable
@ Program_1
= §§s Task2 Time (e.g. t£200ms):
@ Program_2
=¥ Elmo_Master_Device (Elmo Master Device) Sensitivity: -
ﬁ Elmo_Drive {Elmo Drive)
@ Elmo_Drive_1 (Elmo Drive)
i’ Eimo_Modbus (Fimo Modbus) 4k Add Call 3¢ Remove Call [ ChangeCall | & Movelp # MoveDo
POU C
Program_1

- Fieldbus Topology Scannemhe capability of scannirmgiven networKDoes not replace
the EAS Ethercat Configuration Tool). In additdme topology tree shows whether | am in
Sync with the configuration or not.

- Modbus Device A great method for mapping network variableslécal program variables.

- Web Visualizatiolq One of the main reasons for the move to the Enhanced IEC environment
is the support for Web (From a browser, phone or tablet) visualization and Target
visualization (to be supported in the future).

= Y PLC Logic 2
= € Application s END_VAR
+ 2 Alarm [100% [ @

,_
5
S

=2 visualizations : b
=2 tmages 1
1] magepool
12 Languages
=2 MainArea
=0 mfo
=2 Reports
&) Inforeports_Orq
8] Inforeport_Alan
&) Inforeport_Proc|
] mforeport_Time,
&) Info_Reports

Al
g

@) Info_MachineOvervi¢

&) Info_MainPage i

@) Info_Maintenance |

&) Info_Manual
=2 operation

&) automatic

@] operation
#-0 Order
#-2) Parameters
#-2) Redipes/lobs

&) MainMenue A A~
&) subMenuelnfo (UNU VIV UBU UV} \.)
8] subMenueOrder
&) subMenueservice

&) subMenuOperation
*-0D Textiist
-2 Toprow
@ o
@ savedparamet ters

(N -
- Y

O NB § i§ easyaftefiakemplatesfor DNEYSH§leSaxid wasS &

Q¢

Creatingatb9 ! { f A1SQ
created.
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A EmoshowCase
= o Device {(Elmo Platinum Maestro)

ocis nam Ks

o nama %z

ocis mam K

=2l PLC Logic

pesition: %aicn]

Positicn: Saiznt]

positicn: %aicn]

=€ Application

locity: %sients]

[Velacity: Stslentfs]

islocity: ¥sient/s]

+-2 Alarm

+ 2 Coding.

=2 visuslizations

= @ Images

B ImagePool
Languages

(Current: Salmg]

s

Iiz @

t Halhm,

s
- § - ] -~

ed =

mEs

[Current: Saldmg]

s
'_'

e

=2 MainArea

-]

[Vetocity: #skntfl

jlocity: Ksientid

12 Info
= B Reports

Psohna Ksiem]

iezohuta: siony]

B

schua Ksiem]

Ratativa: S4siznt]

@ InfoReports_Ore|
@ InfoReport_Alari
@ InfoReport_Proc|
@ InfoReport_Time
@ Info_Reports

: @ Info_MachineOvervig
mw Lo .o

1) Viusiation x

& & C |0 19216813

im

jan Cant

Ratative Ssent]

ratatica: S4sicn]

Axis Name: a0l

Axis Name: 202 Axis Na

[ent]

ent/s]

In Motion

04 (8]

- fDisabled

curr: 0

velacity: 1

city:

100

1
| Absolute:
| Relative:0
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Axis name: %5

Velocity: 9s[cntys]

Position: %s[cnt] ‘
Current: %s[Amp] ‘

Enable

965

%5

Velocity: 9s[cntys]

(Absolute: Sas[cnt] |-
Jog-vel: %s[cnt/s] -

Relative: %6s[cnt]
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User [None] 1912204
ition Contl

100 - 240VAC

Parameters

Information

Service

@

Commands o

[ CATSe |
——1

EtherCAT OUT

o ov on on
L Y
(U AU U A U U )
i A

OFF GFF OFF OFF  OFF
N1 INZ N IN4 NS ING STO15T02 -0V +10V

- Multi Language SuppogtA built in option in Codesys is the method they handle Lists of
Strings according to langges.Changindanguages is performed very easily.
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1.4 SILz Software In the Loop

Softwarein-the-loop (SIL), is a technique that is used in the development of complextingal
embedded systems. SIL provides an effective platform by adding the complexity of the plant /
algorithm under control to thesystemplatform. The implementer can easily connect and run these
plants / algorithms within the Platinum Maestro.

Whether the implementer wishes to create his own control loop, or run his own profiler or even
implement hisown Kinematic equations for Robot Kinematiakis can now be accomplished easily
GAGK 9fyY2Qa tflGAydzy al SAGNR @

In order for SIL to run, the user needs to run the coda deterministic manner
There are two main cores in the system:

- Operating Systeroreq This core handles all Operating System tasks. Communication
aidlro01ad CAfS {eaiSyo 9iGOX

- Real Time CoreThe only code that runs on this core is affiliated to the Maestro Real Time.
t NPFTAESNE® CASfROdzA® 900X

Multi Core System

e N

OS Core RT Core

User Code
( 1 Gb Ethernet host ]4_

!

Linux operating
System Core

Kernel Ethercat
Modules |_ Stack

( USB Host ]4_

The user now has the capability of using the generated code from the Mathworks Embedded Coder®,
O2YO0AYAYy3a AG G2 | tflGAydzy al SAGNR W!RaaSMNdet N2 I NI
Context thus promising that the code will run deterministically.

The generated code can be either from Matlab or Simulink Caglersode that was written by the
programmer.

¢CKS FdzyOlAzylftAaGe GKIG OFy NMHzy Ay {L[casithiey t A YA(GSF
are very time consuming. The idea behBidl i<, the user has an algorithm with direct Inputs and

Outputs to the fieldbug, SIL allow$i KS dza SNE A GK | aLISOAFTAO asSa 27
fieldbus.
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User Program

User Space

User Program
Host Communications / Logics / State Machines

RT CallBack

Update Model

Inputs

Model Single Step
Read model
QOutputs
Update Fieldbus

Kernel Space

Kernel Module

Our Solution

9f Yz2Qa
protocol.

This protocol defines the Information that is to be exchanged between the Master Network Controller
(Maestro) and the Slaves (Servo Drives).

t fF GAYdzy

Master SYNC

Read Fieldbus
Inputs

Run Profiler
Perform Data
Recording

Write Fieldbus
Outputs

al S$&aidNe

Motion Control

02 YYdzy A OIS808 Drives Rrafilk

For instance, if we take th@yclic Synchronous Position (Q0\&ée:

Torque offset (0x60B2)

Velocity offset (0x60B1)

Position offset (0x60B0)

¥
Target +
position O_‘
(0X607A)

+
Position _=O_=
control

Velocity
control

N
N
>

Torque
control

o

_ Torque actual value
(0x6077)
__Velocity actual value

(0x606C)

__Position actual value

- (0x6064)

G-DS402050A

Every control loop (Currently down to 250us in the Platinum Maestro when running 16 drives),
when the Maestro works ifyclic Synchronous Position (0&®Je, the following information is

exchanged:
Input Objects:

- Torque Actual Value

- VelocityActual Value
- Position Actual Value

Output Objects:

- Torque Offset.

- Velocity Offset.
- Position Offset.
- Target Position.

Release NotesMaestro Rev x 1 7 0 ver 2.docx
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In addition, the user may run @yclic Synchronous VeloaityCyclic Synchronous Torquedes.

Together with allowing FULL access te ®latinum Maestro Real Time internal 64bit double

precision FP axis variables and Fully DeterminRgal Timecallback functionality and the

capability of directly writing to the Fieldbus (AKA Brecess Data) the user can easily create his

own profier, Kinematics or algorithmontopof¢c2 NJ | f 2y 3aA RS G2 GKS tfl Ay

{LISOATAO !'tLQa ¢6SNB IFRRSR G2 G4KS tf IFrdeesslzy al S:
DataVariables.

TheReal Timéeriodic code of the model is to be lea in the predefinedRealTimecallback. The

user is responsible for linking the model variables to flatinum MaestroProcess Image

variables. Due to the vast support for 64 bit Floating Point precision and the full support for
mathematical librariesn the Platinum Maestra basically any model can be executed. The user is

of course notified, and can read statuses regarding the execution time of the created model, and

Ad 3INIYGSR SEGSNYyLEt | 00Saa (2 GKS Ymeddlf Qa LI NI

The advanced data recording capabilities of Biatinum Maestroare not left astray. The user
may perform data recording on the internal model variables, in addition toRtaess Image
parameters enabling the user to closely debug and syncheayigtem signals, together with the
model signals.

Basically; what we do i; we give the user the capability and the responsibility of updating the
fieldbus. Instead of the profiler Real Time being the one responsible for updating the fieldbus
the useris responsible for this.

Release NotesMaestro Rev x 1 7 0 ver 2.docx Pagel6 of 298
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New APIs and libraries
Name Type Data Rec| Parameter Sav® | Special Limits Default
access Function
IUser607a Long32 | Yes R/W No No None 0
IUser60b0 Long32 | Yes R/W No No None 0
IUser60ff Long32 | Yes R/W No No None 0
IUser60b1 Long32 | Yes R/W No No None 0
sUser6071 Shortl6 | Yes R/W No No None 0
sUser60b2 Shortl6 | Yes R/W No No None 0
ucUser60a Src | Uchar8 | No R/W Yes Yes 0-2 esrc_NC
ucUser60b0_Src| Uchar8 | No R/W Yes Yes 0-2 esrc_ZERO
ucUser60ff_Src | Uchar8 | No R/W Yes Yes 0-2 esrc_NC
ucUser60b1_Src| Uchar8 | No R/W Yes Yes 0-2 esrc_NC
ucUser6071_Src| Uchar8 | No R/W Yes Yes 0-2 eSrc_NC
ucUser60b2_Src| Uchar8 | No R/W Yes Yes 0-2 esrc_ZERO
lUserMB1 Long Yes R/W No No None 0
[lUserMB2 Long Yes R/W No No None 0

All XX Srcsuffixed parameters, state the source of the Pl output DS402 parameters. The
eP10utSrc has the following values:

0-eSrc_NE the PI source is the NC profiler outputs. For instantiee 0x607a source
is theProfiler Outputparameter.

1-eSrc_ZERO the source points to an address that includes a ZERO (0) value.
2-eSrc_USER the source is the corresponding user parameter source.

Access to these parameters are via the Get/Set parametesrs interface

7

When the source isSrc_USERIt is underthe usBd NB aLRyaAoAft AdGe G2 dz
This is done via the ne@MMCRTSingleAxis class

This class derives from tliMCSingleAxis class In addition has the following methods:

Setting Fieldbus DS402 Objects:

SetUser607A( int  iUser607Aval)

SetUser6 OFF(int iUser60FFval)

SetUser60B1( int iUser60B1val)

SetUser60B2( double iUser60B2val)

SetUser6071( double dUser6071val)
SetUserMB1(int iUserMB1)

SetUserMB2(int  iUserMB2)

SetUserCW(unsigned short usUserCWval)
SetDigitalOutPuts(  unsigned int uiDigitalOutputs)

Release NotesMaestro Rev x 1 7 0 ver 2.docx Pagel7 of 298
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Retrieving Fieldbus DS402 Objects and internal profiler parameters:

int  GetUser607A()

int  GetUser60FF()

int GetUser60B1()

double GetUser60B2()

double GetUser6071()

int GetUserMB1()

int GetUserMB2()

int  GetActualPosition()

doubl e GetActualVelocity()

double GetdPos()

double GetdVel()

short GetAnaloglnput()

unsigned int GetDigitallnputs()
double GetActualCurrent()
unsigned int GetPLCOpenStatus()
unsigned short GetControlWord()
unsigned short GetStatusWord()
unsigned long GetCycleCounter()
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1.5 Profiler Simulator
A new feature has been introduced to EAS 2.3.Thia feature is the capability of runniragd
simulating motiorprofiles on the EAS, without any hardware.

The following is supported:

- Single Axis motion

Untitled02* X
Motion Command Parameters Path Simulation Table
4 Move Absolute 3< L@ |T—§| L -E| IUT @‘ -
| Axis Name a0t > # Cmt Wait Target Motion Command Start Position Position Velocity Acceleration Deceleration Jerk
g“ﬁe"mde :%E;ESTPI:?EGB:::E:?TV 1 a01 || Move Absolute ~|0 100 100 1E=5 1E-5 2E+6
rection > F - ~
BRI o1~ o e ~ A SOOI SO S IS BE551
Velocity 300
Acceleration 1E+5 a1 | Axis Collection |
Deceleration 1E+5 Positi 0 © Ve - 0 ©
Jerk 2646 osition =2 27 E
Defines the chronolegical sequence of the FB relative to the 2
previous block 2
Collection Chart Settings |
Add Axis ar 3 q -
Select All V| 0.0 0 12 1.7 23 00 06 12 1.7 23
Seletted Axes Time{sec) Time(sec)
g U Acc a0l @ | Jerk =01 @
Position Chart Settings 287 2 BE+
Chart Dimension @ 1D 2D &3
=
-1E
-325 -2 8E+06:
0.0 06 12 17 23 00 06 12 17 23
Time(sec) Time(sec)

This feature uses a .NET interface which incorporates the identical profiler code that runs on the
Maestro.

The motion API used is the identical API that is used when working with the Maestro. the difference
is ¢ the connection type.

A new connection has been defined:

Create connection :( Get instance of the clais&CProfilerSimulator ) :

MMCProfilerSimulator ~ ConnectProfilerSimulator( out int hndl, bool throwExceptionOnNotSupportedFunction
=false )

The useneeds to initialize each motion via a dedicated Init function, and then call the relevant
motion commands.

Single Axis example:

int res=0;
int  hndl;
MMCProfilerSimulator profiler = MMCConnection.ConnectProfilerSimulator( out hndl);

MMCSingleAxis a01 = new MMCSingleAxis( "a01" , hndl);
a01.Acceleration = 1000000;

a01.Deceleration = 1000000;

a01.Velocity = 50000;
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a01l.Jerk = 10000000;
a0l.Execute = 1,

MMCProfilerSimulatorConfiguration singleConfiguration = new MMCProfilerSimulatorConfiguration();
singleConfiguration.NodeType = NC_NODE_TYPE_ENUM.NC_NODE_SING_AXIS_TYPHE/ single axis configuration
singleConfiguration.NumOfFB = 1; I/l there is 1 FB in queue

singleConfiguration.StartPos[0] = O;
singleConfiguration.RV[0] = PROF_SIM_RECORDER_VALS_ ENUM.PROF_SIM_RECORDER_DESIRED_POS;
singleConfiguration.RV[1] = PROF_SIM_RECORDER_VALS_ENUM.PROF_SIM_RECORDER_DESIRED_VEL;

res = profiler.Init(singleConfiguration);
if (res<0)
Console .WriteLine(  "Failed to init Simulator. error=" + (MMCErrors)res);

res = a0l.MoveAbsolute(5000, MC_BUFFERED_MODE_ENUM.MC_BUFFERED_MODE);
bool isProfilerFinished;
uint  ActualCycleTime;

res = profiler.Run( -1, out isProfilerFinished, out ActualCycleTime);
if (res<0)
Console .WriteLine(  "Failed to Run profiler. error =" + (MMCEHrors)res);

double [][] recordingData;
double [] endPos;

res = profiler.GetDataRecording( out recordingData, out endPos);
if (res<0)

Console .WriteLine(  "Failed to Get data recording. error =" + (MMCEtrrors)res);
return ;

Group Axis example:

int res=0;
int  hndl;
MMCProfilerSimulator profiler = MMCConnection.ConnectProfilerSimulator( out hndl);

MMCGroupAXxis vO1 = new MMCGroupAxis(v01" , hndl);

v01.Acceleration = 1000;

v01.Deceleration = 10000;

v01.Velocity = 50000;

v01.Jerk = 10000;

v01.CoordSystem = MC_C OORD_SYSTEM_ENUM.MC_MCS_COORD;
v01.TransitionParameter = new double [16];

vO1.Execute = 1;

v0l.TransitionMode = NC_TRANSITION_MODE_ENUM.MC_TM_NONE_MODE;
vO1.Superimposed = 0;

v01.EndPoint[0] = 10000;

v01.EndPoint[1] = 20000;

vO01.EndPoint[2] = 0;

v01.AuxPoint[0] = 100;

vO1.AuxPoint[1] = 200;

vO1.AuxPoint[2] = 5000;

vO1l.TransitionParameter[0] = O;

v01.TransitionParameter[1] = O;

v01.TransitionParameter[2] = O;

vO1.TransitionMode = NC_TRANSITION_MODE_ENUM.MC_TM_NONE_MODE;

MMCProfilerSimulatorConfigu  ration groupConfiguration = new MMCProfilerSimulatorConfiguration();
groupConfiguration.CoordSystem = MC_COORD_SYSTEM_ENUM.MC_MCS_COORD;
groupConfiguration.NodeType = NC_NODE_TYPE_ENUM.NC_NODE_MULT_AXIS_TYPE;
groupConfiguration.NumAxesInGroup = 2;

groupConfiguration.NumOfFB = 1;

groupConfiguration.MaxAC = 10000;

groupConfiguration.MaxVel = 10000;

groupConfiguration.MaxDC = 10000;

groupConfiguration.StartPos[0] = 0;

groupConfiguration.StartPos[1] = 0;

groupConfiguration.CoordAxes = NC_MC_COORD_AXES.NC_XY_AXES;

groupConfiguration.RV[0] = PROF_SIM_RECORDER_VALS_ENUM.PROF_SIM_RECORDER_DESIRED_POS_X;
groupConfiguration.RV[1] = PROF_SIM_RECORDER_VALS_ENUM.PROF_SIM_RECORDER_DESIRED_POS_Y;

res = profiler.Init(groupConfiguration);
if (res<0) Console .Wri teLine( "Failed to init Simulator. error=" + (MMCErrors)res);

uint ures = vO1l.MoveLinearAbsolute(10000, new double [] { 5000, 2000, 3000, 0, 0,0,0,0,0,0,0,0,0,0,0},
MC_BUFFERED_MODE_ENUM.MC_BUFFERED_MODE);

bool isProfilerFinished;
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uint  ActualCycleTime;
res = profiler.Run(
if (res<0)

-1, out isProfilerFinished,

Console .WriteLine(  "Failed to Run profiler. error ="

double [][] recordingData;

double [] endPos;

res = profiler.GetDataRecording

if (res<0) Console .WriteLine(

(out recordingData, out endPos);
"Failed to Get data recording. error ="

return ;

Appendix

out ActualCycleTime);
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+ (MMCErrors)res);

+ (MMCErrors)res);

1. Single Axig Functions, Functin Blocks, EMBLS related to single axis.

- Motion
o MC _Halt
0 MC_MoveAbsolute
o MC_MoveAdditive
0 MC_MoveRelative
o0 MC_MoveTorque
o MC_MoveVelocity
o MC_Stop
0 MC_SetOverride

- Homing

o EM_HomeDS402
EM_HomeDS402Ex
EML_Homelmmediate
EML_HomeOnBlock

EML_HomeOnIndex
EML_HomeOnLimitSwitch
- Axis Functions

o MC_Power

o EM_ChangeOpMode

0 MC_Reset

0 MC_ChangeOpModeEX
- Position to Force

o0 EML_PositionForce

o EML_PositionForceXYZ
- Axis Status and Parameters
EM_GetAxisRef
MC_ReadActualPosition
MC_ReadActualTorque
MC_ReadActualVelocity
MC_ReadAxisError
EM_GetOpMode
MC_ReadStatus
EML_StausRegisterlsFLS

O O O O O O

O O O 0O O O 0 o

EML_HomeOnHomeAndLimitSwitch
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EML_StatusRegisterIsRLS
EML_StatusRegisterlsSWLimitHigh
EML_StatusRegisterlsSWLimitLow
EML_StatusRegisterlsTargetReached
EML_SPLCOpenisDisabled
EML_SPLCOpenlsError
EML_SPLCOpenlsinMotion
EML_SPLCOpenisStandsStill
MC_ReadBoolParameter
MC_ReadParameter
MC_WriteBoolParameter
MC_WriteParameter
EML_SetModulo
EML_SetUserUnits

2. Group Coordination

- Motion
0 MC_MoveCircularAbsolute
o EM_MoveCircularAbsoluteAngle
o EM_MoveCircularAbsoluteBorder
o EM_MoveCircularAbsoluteCenter
o EM_MoveCircularAbsoluteRadiu
0 obsolete
0 MC_MovelinearAbsolute
0 MC_MovelLinearAdditive
0 MC_MovelinearRelative
0 obsolete
o EM_MovePolynomAbsolute
0 MC_GroupStop
o EML_SimplexXY
o EML_SimplexXYz
0 MC_GroupSetOverride
o MC_GroupHalt
- Homing
o EML_MHomelmmediate
o EML_MHomeOnBlock
0 EML_MHomeOnHomeAndLimitSwitch
o0 EML_MHomeOnIndex
o EML_MHomeOnLimitSwitch

- Raster Scanning Motions

0 EML_ScanRasterXYZ
0 EML_ScanRasterXY
- Transformations
0 EM_SetDeltaRobotKinematics
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EM_SetKinTransform
MC_SetScaraRobotKinematics
EML_Simple2DKinematics
EML_Simple3DKinematics
MC_SetCartesianTransfo

- Group Statuses and Parameters

(0]

O O O 0O 0O OO0 O o o o

(0]

EM_GetGroupAxisRef
MC_GroupReadStatus
MC_GroupReadActualPosition
EM_GetGroupMembersinfo
EM_GroupReadBoolParameter
EM_GroupReadParameter
EM_GroupWriteBoolParameter
EM_GroupWriteParameter
EML_MPLCOpenisDisabled
EML_MPLCOpenlsError
EML_MPLCOpenlisinMotion
EML_MPLCOpenlsStandby
MC_GetStatusRegister

- Group Axis Functions

MC_GroupDisable
MC_GroupEnable
MC_GroupReset
MC_AddAxisToGroup
MC_RemoveAxisFromGroup

- Synchronized

(0]

MC_TrackRotaryTable

3. Synchronization and Master St
- Superimposed

o0 EM_AxisLink

0 EM_AXxisUnLink
- ECAM

o MC_CAMiIn

o MC_CAMOut

o EM_CAMStatus

o EM_CAMTableAdd

o EM_CAMTablelnit

o0 MC_CAMTableSelect

o EM_CAMTableSet

o EML_CAMMemoryActivate

o EML_CAMMemorylnit

o EML_CAMXMLActivate
- Gearing

0 MC _Gear In
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- JoyStick

(0]

O O O O O O

(0]

EML_JoystickPosition
EML_JoystickPositionAdvanced
EML_JoystickPositionExternalParam
EML_JoystickPositionPI
EML_JoystickVelocity
EML_JoystickVelocityAdvanced
EML_JoystickVelocityExternalParam
EML_JoystickVelocityPI

- Trajectory

(0]

O O O OO O O O O

(0]

EM_GetTablelndex
EM_InitTable
EM_LoadTableFromFile
BEM_UnloadTable
EM_AppendPointsToTable
MC_PathSelect
MC_PathUnselect
MC_MovePath
EM_MoveTable
EML_PVTFILE
EML_PVTMEM

4. Fieldbus Ethercat
- Configurations

(0]
(0]

EM_ConfigPIBulkRead
EM_PerformPIBulkRead

- Process Image

(0]

o O O ©

(0]

EM_GetPlInfo
EM_GetPlInfoByAlias
EM_ReadPIBylndex
EM_ReadPIRAWBYIndex
EM_WritePIByIndex
EM_WritePIRAWBYIndex

- Diagnostics

EM_GetCommbDiagnostics
EM_GetCommStatistics
EM_GetEthercatCommStatistics
EM_ResetCommbDiagnostics
EM_ResetCommStatistics

5. ELMO Drive Functions
- FeedBack Emulation

(0]

(0]
(0]
(0]

EML_FeedbackPWMSignalEntiola
EML_FeedbackPWMSourceSocketEmulation
EML_FeedbackQuadEmulation
EML_FeedbackQuadSignalEmulation

'd
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o EML_FeedbackWaveSignalEmulation
- Output Compare

o EML_OCAbsolutePositionActivate
EML_OCADbsolutePositionInit
EML_OCPositionTabulatedActivate
EML_OCPositionTabulatedInit
EML_OCSinglePulseActivate
EML_OCSinglePulselnit
EML_OCTimeTabulatedActivate

0 EML_OCTimeTabulatedInit
- Binary Interperter

0o EM_EImoGetFloatArray

0 EM_EImoGetFloatParam

o EM_EImoGetintArray

o EM_EImoGetintParam
o EM_EImoSetFloatArray
o EM_EImo&tFloatParameter
0
0
o]
o}

O O O O 0O O

EM_EImoSetintArray
EM_EImoSetintParameter
EM_EImoCall
EM_EImoExecute

EM_EoECIose
EM_EoEConnect
EM_EoEGetParam
EM_EoESetArray
EM_EoESetParam
EM_EoEGetArray

o0 EML_ReadEImoArrayCoE
0 EML_ReadEImoCmdCoE
o EML_ReadEImoParamCoE
o EML_WriteEImoArrayCoE
0 EML_WriteEImoCmdCoE
EML_WriteElmoParamCoE
- Digital 10s
0 MC_ReadDigitallnput
o EM_Read32Digitallnputs
o EM_Write32DigitalOutputs
6. Host Communication
- Modbus
0 EM_ModbusReadCoilsTable
o EM_ModbusWriteHoldingRegisterTable
o EM_ModbusReadInputsTable

o
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(0]

EM_ModbusStopServer
EM_ModbusStartServer

EM_ModbusWriteHoldingRegisters

EM_ModbuslsRunning
EM_ModbusWriteCoilsTable

EM_ModbusReadHoldingRegisterTable
EM_ModbusReadHoldingRegisters

7. System Functions
- Error correction

o EM_DisableErrorCorrTable
o EM_EnableErrorCorrTable
o EM_LoadErrorCorrTable
o EM_UnloadErrorCorrTable
o EM_GetErrorTableStatus
- TouchProbe
o EMC_TouchProbeDisable
o EMC_TouchProbeEnable
- Motion Queue
o EM_WaitUntilConditionEx
o EM_WaitUntilCondition
o EM_Dwell
0 EM_GetFbDepth
0 EM_GetTotalFbDepth
- State Caditional Waits
o EML_WaitinMotionMask
o EML_WaitMotionSettled
o EML_WaitMotorOn
o EML_WaitOperationalMode
o EML_WaitSpecificMask
o EML_WaitStandstill

8. System Administrative
- Statuses and Parameters

EM_GlobalReadBoolParameter
EM_GlobalReadParameter
EM_GlobalWriteBoolParameter
EM_GlobalWriteParameter
EM_WriteGroupOfParameters

- System Functions

(0]

EM_ResetSystem

- Error Policies

(0]
(0]

EM_GetErrPolicy
EM_RegErrPolicy

- Error handling

(0]

EM_GetErrorDescription

Elmo

Motion Control
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0 EM_GetLastError
- BulkRead

o EML_ActivateBulkReadNonpreset
EML_AtvateBulkReadPresetl
EML_ActivateBulkReadPreset2
EML_ActivateBulkReadPreset3
EML_ActivateBulkReadPreset4
EML_ActivateBulkReadPreset5
EML_InitBulkReadByPerset
EML_InitBulkReadNonPerset

O O O 0O 0O O o©°
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Release NotesNew Firmware Version for Maestro
Version x.1.6.1 andlibrary Update 271

2. General

¢ K ﬁlm@ge_%1.6.1_806_2016_03_3jm$
Master Motion Controller.

Aa I yS

7]

FTANXGI NB NBftSIFasS 7

This is the first official Platinum Maestro Release. As far as features are concerned, the Platinum
Maestro sipports all of the features of the Gold Maestro.

In addition to the standard features of the Gold Maestro we added the capability of setting the
Platinum Maestro time (there is a RT Clock and battery backup in the Platinum Maestro).

The majox.x.x.xversion. When it is lu(mage_\1.1.6.1_B06_2016_03_3Jms9 ¢ it is a GMAS
version. When is is it is Platinum@image_\2.1.6.1_B06_2016_03_3dms).

The GMAS and Platinum versions will always be released together.

As the Platinum Maestro is based on a imfaster CPU platform (Dual Core 1.5 GHz), the number of
axes supported (and tested), and the Cycle Time we can reach differ from the Gold Maestro.

The following lists the supported Cycle Times and number of axes supported in the Platinum

Maestro:
Number d | Cycle Time (uSec
Axes
<=16 250us
<=32 500us
<=64 1000us
<=96 2000us

New libraries were released as well. Version 271 of the libraries include an additional directory that
is specific to the Platinum Maestro. This is unG8ASIlib\platinum. Asfat & ! t LQ& 3> Ay Of dzRS

directoriesg it is 100% compatible with the existing Gold Maestro.

Since the Gold maestro and the Platinum Maestro are both based on different platforms and
Endianesg the .NET API and the C/CPP libraries from the host (RPC) reddttbepthat is
targeted and performs endianness swapping according to the target platform.

When compiling code that is to run on the target (via the new M[Maestro DeveloperSudio) G
a new toolchain for the Platinum Maestro is available. Please seMiDS documentation for

further information.
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Known Issues:
- CAN in Interpolated mode Issues.

Ethercat Hotplug issues.
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Release NotesNew Firmware Version foMaestro
Version 1.1.6.0 and Library Update 267

3. General

¢ K 8lmage_v1.16.0.B2 .gms  hew filmware release for the GMAS Master Motion
Controller, which supports the following new major features:

1. Online Splines
2. New ECAM Capabilities
2.1 Modifying ECAM properties, on the fly.
2.2 New ECAM Interpolation types.
3. UVW Rotational Axes Support
New Kinematis Supported
4.1 Scara Robot Kinematics
4.2 3 Link Robot Kinematics
PCS Transformation Support
Track Rotary Table Support
Data Logging
Beckhoff ADS Protocol Support
. Preparations for Platinum Release
10,9a. [ Qa
11.bSg 't LQa
12. Bug Fixes

H

© o NG
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3.1 Online Splines
In additontotheSEA&GAY 3 hFFEAYS {LXAyS&a IyR tx¢ ¢S y2¢

Online Splineg or ¢ PT (Position Timejs similar to PVT:

- Can be loaded from a file or via memory.

- Supported for Single and Group axes.

- Ong¢ the ¢ Fly points update.

- Ability to defineUnderflow threshold event.

There are numerous Online Spline modes:

- MC_QUINTIC_ON_PARAB_FT_DWHtéd time
- MC_QUINTIC_ON_PARAB_VT_DWftiable time
- MC_QUINTIC_ON_PARAB_CV_DWZBhbktant velocity

¢tKS hytAyS {LXAySa FSIGdzZNE KFa aAAYAEFNI!'tLQa (2

MMC_InitTableCmd Allocates a memory segment in the shared memory
according to the dimension and number of points(same
PVT). Using default values for constant velocity and fixe
time.

MMC_InitTableExCmd Same as MMC_InitTableCmd with additional input
parameters forconstant velocity and fixed time.

MMC_AppendPointsToTableCmd Appends (or modifies) points to(in) an existing table (sa
as PVT).

MMC_UnloadTableCmd Unload table from journal on Maestro (same as PVT).

MMC_MoveTable Move axis systerfdynamic or not) according to loaded

table (same as PVT).

The compatible functions in IEc and CPP remain intact.
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An example foan ®@nline splin€able:

PT mode 8

PT dimension 2

PT num of pts 10

PT cyclic 1

PT pos absolutke

PT time absolute 0
PT spline type 3

PT const velocity 10000
PT fixed time 3

PT data start

Time P1 P2
10000 20000
20000 30000
30000 40000
40000 50000
50000 60000
60000 50000
50000 40000
40000 30000
30000 20000
20000 10000
PT data end

P NNRPRRPRRRRRPR

The labels irREDare not to be part of the file

¢ |
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Motion Control

Group Axis of 2 axes

10 points in table

Table is cyclic

Positions are absolute
Time are NOT absolute
Spline Type €V

Constant Velocity = 10000
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3.2 New ECAM Capabilities
In this new Maesro version, we added 2 new ECAM functionalities:

- Modifying ECAM properties, on the fly

¢ |
Elmo

Motion Control

o Ability to modify the CAM slave data, including interpolation typesthe fly.

0 Ability to change table type Periodicg to non periodic
This is performed via new AP¢alled:

MMC_CamTableSetCmd

typedef struct _mmc_camtableset in

{
double dbTable [NC_ECAM_MAX_ARRAY_SIZE];

unsigned long ulStartindex ;
unsigned long ulNumberOfPoints
MC_PATH_REFhMemHandle;
unsigned char ucSpare [32];

} MMC_CAMTABLESET_JN

And:
MMC_CamSetPropertyCmd

Where the input structure is:

typedef struct _mmc_camsetprop_in

{
ECAM_PROPERTIES_ENUBProperty ;

ECAM_PROPERTY_VALU&lue ;
unsigned char ucExecute
unsigned char ucSpare [32]; /**< spare for future use

} MMC_CAMSETPROP;IN
eProperty is currently the periodic mode only.

- New ECAM Interpolation types

Linear Interpolation

Polynom 5 Interpolation

Polynom 7 Interpolation

Cycloid Position Interpolation

Modified Cycloid Position Interpolation
Sine Trapezoidal Acceleration Interpolation

O O O O 0O O

They are defined as follows:

*/
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typedef  enum {
eTableDefInterp =0,
eLinearinterp =1,
ePolynomb5interp =2,

ePolynom7interp =3,

eCycloidPositioninterp =4,

eCycloidVelocityModifiedlInterp =5,

eCycloidVelocityModified2Interp =6,
} CURVE_TYPE_ENUM
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The newly released EA%Imo Aplication Studio, includes a dedicated User Interface for creating,

downloading and runningCAM motion profiles:

View Settings: j’ Eﬁ /P- /"’\ A;V nquJ1 E
Untitied1* X

General Settings Max Velocity [entisec] [10000
Table Count 1 + | MaxAcc [cntsec’?] [{E+g
Active Table Table1 R T e
Master Axis a01 ¥| ECAM Table Table1

Common Waster Points

<@ +HTH O™
# Master Pos. [cnt]  Slave Pos. [ent]  Curve Style

View All Table Plots 1o ”
2 10000 10000 Polynom 5

I n o

Common Table Points

Copy setting To All
Duplicate Table

Table Settings
Relative Master Pis.

Cvcloid Position

I N s - 1vzcccorce ] _—

Master Speed [cnt/sec] 30000

Show Upper Limits

Dribinn Dannd Vil § Ann

Connecting Vel. [cntisec]  Connecting Acc. [cntisec?2]

~ | 75000 270000
~|0 o

Relative Slave Pis. E
Master Gap Type Fixed @ Variable £
Master Gap [cni] 10000 “ i I '
] 5000 10000 15000 20000 25000 30000 35000 40040
Table Activation Master [cnt]
Slave Axis ~ ¥
Master Offset [cnt] 0 Velocity Table1
Slave Offset [cn] 0 g 7.8277E+05 -
Master Scaling 3 g —‘ !
o ]
Slave Scaling 1 & -ﬁZZHEWEJ _____ —
Master Sync. Position 0 °
Master Value Source © Target Position ¥
Actual Pesition
Augiliary Position Acc  Tablel
Curve Style Type Fixed @ Variable & 53271E+06— S =
Curve Style = —‘ ! !
z “] 0 T
DR © o, e T ; * .
L 5000 15000 20000 25000 30000 35000 40040
Arzlr Master [cnf]
Use Auto Offset Yes @ No v
TR s o
Jerk  Table1
)
= 0 - -
= | 1 I 1
B - i i i
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3.3 UVW Rotational Axes Support

Until this version, there was no way to work with Rotational Axes in the Maestrpart of the
SetKinematics API, one may define to work with U, V, W axes.

U, V, W axes are the rotational axes of X dfrespectively.

''+2 || ESa o0SKIFE@S Ay | AAYAEFNI YIYyySNI Il a GKS bwmz

When the Cartesian axes are in moticthe UVW axes start and end together with the
Cartesian axes. The User Velocity input is for the Cartesian axes ONLY.

U,V,W may move sepaiely ¢ without the Cartesian axes. The User velocity in this case is
the rotational velocity for U, V, W (In the user units of the U, V, W).

As opposed to N axes, where the N axes must be defined consecythvelg, we can define U, V or
W.
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Datarecording of the U, V, W axes is now available in this version. Thedbatselector looks as
follows:

& signal Editor | =8| x

Show X Axes Search

| Extended Signals List

Chart #1 = Signals  Analysis

Chart #2 =

Chart 23 @ ] Proﬁler_Posnmn_ _
Chart #4 Des!red Pos!t!on X
Chart #5 frod Des!red Pos!t!an Y
Chart #6 Desired Position Z
Chart #7 Des!red Pos!t!an u
Chart #8 Desired Position V

Desired Position W
Desired Position N1
Desired Paosition N2
Desired Position N3
Desired Position N4
Desired Position N5
Desired Position N6
Desired Position N7
Desired Position N3
Desired Position N9
Desired Position 5

Profiler Velocity

Profiler AC/DC

4 MCS Position

Desired Position X'
Desired Position "
Desired Position Z'
Desired Position U’
Desired Position V'
Desired Position W

MCS Velocity

MCS AC/IDC

ACS Paosition L

ACS Velocity

The parameters are of course available for velocity and AC/DC as well.

The order of calling an MCS motion including the new UVW axes is as follows:

- :
Proffer <P

o W  d 1] W W Ml | &« w s = »| WO 5
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The axes kinematics direction is defined in the SetKinematics API, as follows (From EAS script
manager screeg Group axis consisting of 4 axes XYUV):

Name

al1.Move Absolute
a01.Move Absolute
al1.Move Absolute

BT

F

Set Kinematic Transform
Group Name
Axes Count
Show All Axes
Node

[0]

[1]

[2]

[3]

[4]

[5]

[8]

[7]

[8]

[

[10]

[11]

[12]

[13]

[14]

[15]

Type

[0]

[1]

[2]

[3]

v

ait
a0z
ai3
ai4

NC_X_AXIS_TYPE
NC_Y_AXIS_TYPE
NC_U_AXIS_TYPE
NC_V_AXIS_TYPE

HEIEIE IR IR IR IR IR IR IR IE IR IR IR IR

€ ¢ ¢ ¢
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3.4 New Supported Kinematics
Scara Robot Kinematics

The new firmware version now suppo®earaRobot KinematicsSSCARA acronym stands for
SlectiveComplianceAssemblyRobot.

In general, SCARAs araxXs robot arms. They are designed to imitate the action of a human arm
and commonly used in pigk-place, assembly and packaging applications.

Outer
Joint2  Link | Quill Cover
Joint 1 \
Joint 3 and
Joint 4
(Qull)
Joint 1 _—
nner Lin
e T User Flange
= ‘ Base Encl
- BaseEnclosure
(b)

SCAR robot has 4 joints which are linked to the robot. Joint 3 is a translational joint which can move
along Zaxis while joints 1, 2 and 4 are rotational joints.

First joint is the base joint and it is also called "the shoulder" as its function lookshlikaan
shoulder. In this joint, the rotational movement of the inner link is provided.

Second joint is called "the elbow" as its function looks like a human elbow. In this joint, the outer link
and the inner link are linked. The robot can be programmed dwerlike a human left or right arm

("Lefty" or "Righty").

LEFTY N RIGHTY ——

R o
v '\“_.‘_‘4'1
Joint 2 s
Hardstops L
K )
Lo
Lo Joint 3
t Stroke
o
— _
Joint 4 — -
Rotation
(a) (b)

Third joint is a prismatic joint. It is placed at the end of the outer link.
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Forth joint is also called "the wrist". Its function is similar to a human wrist and it can be rotated to
tighten abolt or unscrew a screw.

LYy 2NRSNJ (2 62N)] 6AGK ff alSaGdNR !'tLQa YR {OFN
Scara Robots:

0 MMC_SetKinTransformEx with thlC  SCARA _ROBOT_TaéRke eKinType

0 MC_SetKinTransformScar&rom C++ Interfaces.

Here are the mechanical parameters which are used for the transformations:

Inner link lengthx

Outer link lengthi

Shoulder offset (column heigh€)

Offset between axis 3 an 4 in Z direction (wrist offs@t)
Elbow sigro Y

=A =4 4 =4 =9
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With the followingstructure of parameters:

typedef  struct
{
double dinnerLinkLength
double dOuterLinkLength
double dShoulderOffset
double dWristOffset  ;
double dWristTheta20OffsetCoef ;
MC_KIN_NODE_DEFsNode[NC_MAX_NUM_AXES IN_NODE];
int  iINumAXxes ;
char  cElbowSign
char  cPaddingl
char  cPadding2
char  cPadding3
} MC_KIN_REF_SCARA

Kinematics consists of forward and inverse kinematics.

,/ Motion Function Block

<=

/
‘ Profiler ‘ X | Y| Z| U| V]| W| N |essss NO| S
| 4
‘ Inverse Kinematic transform
q G
\ | dg di d, d,
p |
/ Direct
Kinematic
‘ Transform

User Sace ¢ Position lock

Ly 2NRSNJ (2 LISNF2NY | Y2(A2ycomeM®stgoltd RV SFHS MNP NP 6 2
w2020Q LRaAAGAZ2YT FyR OFff GKS {SGYAYSYI {GA0a TFdzyc(
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3 Link Robot Kinematics
The new firmware version now supports 3 Link Robot Kinematics

3 Link Robot is a robot that consiststiofee degreeof-freedom planar robot arm. The aroonsists
of one fixed link and three movable links that move within the plane. All the links are connected by
revolute joints whose joint axes are all perpendicular to the plane of the.links

\ 4

Jomt 1

0] 6, X
| Link 0 |

Ly 2NRSNJ (42 62NJ] 6AGK | ff userlmbsicalNBe dédicate@ APl | vy R
for 3 Link Robots:

0 MMC_SetKinTransformEx with thlC  THREE LINK ROBOT_ a¥#iE eKinType

0 MC_SetKinTransform3Ligkrom C++ Interfaces
Kinematics Parameters

0 Link Lengths

0 Shoulder and wrist offsets.

0 Left/ Right robot
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With the following structure of parameters:

typedef  struct

{
double dinnerLinkLength ;
double dMediumLinkLength ;
double dOuterLinkLength
double dShoulderOffset  ;
double dWristOffset
double dWristTheta2OffsetCoef ;
MC_KIN_NODE_DEFsNode [NC_MAX_NUM_AXES_IN_NODE];
int  iNumAXxes ;
char cElbowSign ;
char cPaddingl ;
char cPadding2 ;
char cPadding3 ;

} MC_KIN_REF_THREE_LINK

Release NotesMaestro Rev x 1 7 0 ver 2.docx Page43of 298



¢ |
Elmo

Motion Control

3.5 PCS Transformation Support
lff DNRdzL) Y2(GA2y !t LQa NBOSAGS (KS /2Aa08R{eaiSYy L
MCS, PCSjor instance; the MoveLinearAbsolute function below:

Name 4  Move Linear Absolute
al1_Move Absolute Group Mame w01 b
a01_Move Absolute GocrasisEm [ MC_ACS_COCRD v
a1 _Move Absolute Buifer Mode MC_NCNE_COORD
v(1.Set Kinematic Transform Transition Mode MC_MCS_COORD
vO1_Maove Linear Absolute Transition Parameter MC_PCS COORD
Wt Move LinearAbsolte - ¥T0% s :
4 Position
[0] 1E+10
r41 n

Until now- The Maestro supported the following coordinate systems:

AC&; Axes Coordinate SystenThe system of coordinates related to the physical motors and the
single movementsaused by the single drives

MCS-Machine Coordinate System the system of coordinates that is related to the machine.

We are now introducing

PCS The coordinate system of the producThe PCS is based on the MCS typically by shifting and
rotating the MCS

In order to summarize: .
¥/ Productor Programmer’s

Coordinate System

Cartesian and/or

cylindrical
ACS Axis related transformations
MCS Machine related Machine
PCS Product or Workpiece related MCS oordinate System
Kinematical

(-) transformations

ACS Axes Coordinate

(/ System
| |

When looking at:
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Vector

Profiler <PCS>

N9 s

== 1] ]]]]]]

[ v [2 Juw [ e [uana]ms Joe [ur fus]wa] s [ [ [ Juv [we [an]A2]az JaeTas Jas]

N 1)

We see that the Maestro profiler works in PE&@®rdinate systenfThere was no transformation until
now ¢ or transformation was 1).

We need to define the <PCS> to <MCS> transformation function.The MC_SetCartesianTransform
does exactly thisTheUser needs to define:

o0 3 x Offsets (XYZ).
0 3 x Rotations (XYZ).

0 Rotation Units (Degrees / Radians).

Or...

typedef  struct

{
double dOffset [3]; /I X,Y,Z translation components
double dRotAngle [3]; /' U,V,W rotation angles

double dPadding [5];
PCS_ROTATION_ANGLE_UNITS_ENUFRotANgleUnits
MC_BUFFERED_MODE_ENW@BufferMode ;
MC_EXECUTION_MODe&ExecutionMode
unsigned char ucExecute ;

} MMC_SETCARTESIANTRANSFORM,_IN

An example will look as follows:
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void SetPcs2McsStatic( double dTransX, double dTransY, double dTransZ, double dRotX,
double dRotY, double dRotz)
{
MMC_SETCARTESIANTRANSFORM_IN set_transform_in;
MMC_SETCARTESIANTRANSFORM_OUT set_transform_out;

set_transform_in.eBufferMode = MC_BUFFERED_MODE;
set_transform_in.eExecutionMode = eMMC_EXECUTION_MODE_IMMEDIATE;
set_transform_in.ucExecute = 1;

set_transform_in.eRotAngleUnits = PCS_DEGREE;

set_trans form_in.dOffset[0] = dTransX;

set_transform_in.dOffset[1] = dTransY;

set_transform_in.dOffset[2] = dTransz;

set_transform_in.dRotAngle[0] = dRotX;

set_transform_in.dRotAngle[1] = dRotY;

set_transform_in.dRotAngle[2] = dRotZ;

I
MMC_SetCartesianTransform(g_pHndl|,256,&set_transform_in,&set_transform_out);

}

This function above shall set the PCS offset and rotation to the values defineddirrahsX,
dTransY, dTransZ, dRotX, dRotY, dRotZ.

Once called; All PCS motions will be agive to the 0,0,0 position of the product set in the
SetCartesianTransform  function.

This function MUST be called for EVERY product/part.

Release NotesMaestro Rev x 1 7 0 ver 2.docx Pages6 of 298



¢ |
Elmo

Motion Control

3.6 Track Rotary Table Support
Tracking a Product running on a rotaaple is a PLCopen based function.

This functiorblock offers an abstraction layer for a rotary table, assisting the user with tracking
objects moving on a circle in space.

The pose of the rotary table relative to MCS is given by a dedicated input of the FB. A further input
specifies the initial pose @ object lying on the rotary table. The actual position, velocity, etc. of
the rotary table is given by the position of a single .axis

o A new APl was added:
MMC_TrackRotaryTable

With the following parameters:

typedef struct  mmc_trackrotarytable_in

{
double dRotaryTableOrigin [6]; I XY, Z,UV,W
double dInitialObjectPosition [6]; I XY, Z,UV,W
double dInitialRefAxisPosition
double dRefAxisScaling ;
double dPadding [5];
unsigned short usRefAxis
PCS_REF_AXIS_SRC_ENUMRefAxisSourceType ; /[defines the

reference axis source: dTargetPosUU or dActualPosUU

PCS_ROTATION_ANGLE_UNITS_ENUBRotAngleUnits
MC_BUFFERED_MODE_ENEBufferMode ;
MC_COORD_SYSTEM_ENBNoordSystem ;
MC_EXECUTION_MODeExecutionMode
unsigned char ucExecute ;

} MMC_TRACKROTARYTABLE;IN

The dRotaryTableOrigin parameters are the center of the rotary table in MCS units.

ThedinitialObjectPosition array isthe distance from the center of the table to the 0,0
defined on the table. In order to move to a defined position on the rotary table, the group axis is to

Release NotesMaestro Rev x 1 7 0 ver 2.docx Paged7 of 298



¢ |
Elmo

Motion Control

move to a position, which is PCS based. The PCS pasit@ative to the 0,0 position given ingh
dinitialObjectPosition.

An example for a Scara robot tracking a rotary table:

eKinType = NC_SCARA_ROBOT_TYPE
eCoordSystem = MC_MCS_COQRD
Il

/I Intiialize Group axis
vl.InitAxisData(  "vO01" ,g_pHndl);
Il

/I Scara axes

al.InitAxisData(  "a01" ,g_pHndl);
a2.InitAxisData(  "a02" ,g_pHndl);
a3.InitAxisData(  "a03" ,g_pHndl);
ad.InitAxisData(  "a04" ,g_pHndl);
I

/I Rotary Table

a5.InitAxisData(  "a05" ,g_pHndl);
I

/I Work in MCS
SetGroupParams(eCoordSystem);

I

Il Set SCARA Kinematics

1

/I Arm Lengths

set_kin_transex_ in.stinput.stScara.dIinnerLinkLength = 430;
set_kin_transex_in.stInput.stScara.dOuterLinkLength =370;
set_kin_transex_in.stinput.stScara.dShoulderOffset = 800;
set_kin_transex_in.stInput.stScara.dWristOffset = 200 ;

set_kin_transex_in.stInput.stScara.dWrist Theta20ffsetCoef = 4.0 ;
set_kin_transex_in.stInput.stScara.cElbowSign = ElbowSign ;
set_kin_transex_in.eKinType = NC_SCARA_ROBOT_TYPE

set_kin_transex_in.stInput.stScara.iNumAxes =4 ;

Il

set_kin_transex_in.eBufferMode = MC_BUFFERED_MODE
set_kin_transex _in.ucExecute = 1;

Il

/I Set node axis references:

set_kin_transex_in.stInput.stScara.sNode[0].hNode=0 ; /llaxis a0l
set_kin_transex_in.stinput.stScara.sNode[1].hNode=1 ; Ilaxis a02
set_kin_transex_in.stInput.stScara.sNode[2].hNode=2 ; /laxis a03
set_kin_transex_in.stInput.stScara.sNode[3].hNode=3 ; Ilaxis a04

I

set_kin_transex_in.stInput.stScara.sNode[0].eType = NC_ACS_Al AXIS TYPE
set_kin_transex_in.stinput.stScara.sNode[1].eType = NC_ACS_A2 AXIS TYPE
set_kin_transex_in.stinput.stScara.sNode [2].eType= NC_ACS_A3 AXIS_TYPE
set_kin_transex_in.stInput.stScara.sNode[3].eType = NC_ACS_A4 AXIS TYPE

I

set_kin_transex_in.stInput.stScara.sNode[0].iMcsToAcsFuncID = NC_TR_SHIFT_FUNC
set_kin_transex_in.stInput.stScara.sNode[1].iMcsToAcsFuncID = NC TR_SHIFT_FUNGC
set_kin_transex_in.stinput.stScara.sNode[2].iMcsToAcsFuncID = NC_TR_SHIFT_FUNC
set_kin_transex_in.stInput.stScara.sNode[3].iMcsToAcsFuncID = NC_TR_SHIFT_FUNC
/1

/I Cts/ Rev on axes. 1024 x Gear of x 100.

set_kin_transex_in.stinput.stSc ara.sNode[0].ulTrCoef[0]=102400.0 ;

set_kin_transex_in.stinput.stScara.sNode[0].ulTrCoef[1]=1.0 / 102400.0 ;
set_kin_transex_in.stinput.stScara.sNode[0].ulTrCoef[2]=0.0 ;
set_kin_transex_in.stinput.stScara.sNode[1].ulTrCoef[0]=81920.0 ;
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set_kin_transex_in.  stinput.stScara.sNode[1].ulTrCoef[1]=1.0 / 81920.0;
set_kin_transex_in.stinput.stScara.sNode[1].ulTrCoef[2]=0.0 ;
set_kin_transex_in.stinput.stScara.sNode[2].ulTrCoef[0]=10000.0 / 111.0 ;

set_kin_transex_in.stinput.stScara.sNode[2].ulTrCoef[1]=111.0 / 1000 0.0;
set_kin_transex_in.stInput.stScara.sNode[2].ulTrCoef[2]=0.0 ;
set_kin_transex_in.stInput.stScara.sNode[3].ulTrCoef[0]=1e -9;//30720.0 ;
set_kin_transex_in.stinput.stScara.sNode[3].ulTrCoef[1]=1e9; //1.0/30720.0;

set_kin_transex_in.stInput.stScara.sNode[3].ulTrCoef[2]=0.0 ;

/!
/I Work in MCS
v1.GroupEnable();

v1.GroupReadActualPosition(eCoordSystem,dbActPosition);

dbPosition[0]=795 ; dbPosition[1]=0 ; dbPosition[2]=0 ;dbPosition[5]=0; 11360 ;
vl.MoveLinearAbsolute (1000,dbPosition,10000,10000,100000);
WaitForStandBy(v1.GetRef());

1

/ Move to Init Position on Rotary table. MCS

dbMcslnitPosition[0]=450.0 ;dbMcsInitPosition[1]=450.0 ;dbMcslInitPosition[2]=0;
dbMcslinitPosition[5]=0; 11360 ;

dbPosition[0]=dbMcsInitPosi tion[0]; dbPosition[1]=dbMcsInitPosition[1];
dbPosition[2]=dbMcsInitPosition[2]; dbPosition[5]=dbMcsInitPosition[5];
v1.MovelLinearAbsolute(1000,dbPosition,10000,10000,100000);
WaitForStandBy(v1.GetRef());

1
Il Init Tracking Table

set_rotarytable_in.eBuffe rMode = MC_BUFFERED_MODE
set_rotarytable_in.eExecutionMode = eMMC_EXECUTION_MODE_IMMEDIATE
set_rotarytable_in.ucExecute = 1;

set_rotarytable_in.eRotAngleUnits = PCS_DEGREE

/I Set MCS Coordinates of center of table

set_rotarytable_in.dRotaryTableOrigin[0] = 400.0; 11X
set_rotarytable_in.dRotaryTableOrigin[1] = 400.0; Iy
set_rotarytable_in.dRotaryTableOrigin[2] = 0; Iz
set_rotarytable_in.dRotaryTableOrigin[3] = 0; /u
set_rotarytable_in.dRotaryTableOrigin[4] = 0; IIv
set_rotarytable_in.dRotaryTableOrigin[5] = 0; IIw
set_rotarytable_in.dInitialObjectPosition[0] = 0; //Position relative to center of
object x//dbMcslnitPosition[0] - set_rotarytable_in.dRotaryTableOrigin[O];
set_rotarytable_in.dInitialObjectPosition[1 ]1=0; //Position relative to center of
object y//dbMcslInitPosition[1] - set_rotarytable_in.dRotaryTableOrigin[1];
set_rotarytable_in.dInitialObjectPosition[2] = 0; /[Position relative to center of
object z//dbMcslInitPosition[2] - set_rotarytable_in.dRotaryT ableOrigin[2];
set_rotarytable_in.dInitialObjectPosition[3] = 0; /[Position relative to center of
object u

set_rotarytable_in.dInitialObjectPosition[4] = 0; /[Position relative to center of
object v

set_rotarytable_in.dInitialObjectPosition[5] = 45 /[Position relative to center of
object w;

set_rotarytable_in.usRefAxis = a5.GetRef(); /I axis reference of rotary table
set_rotarytable_in.eRefAxisSourceType = NC_PCS_TARGET_POSC PCS_ACTUAL_POS;
set_rotarytable_in.dInitialRefAxisPosition = ab.GetActualPosition();
set_rotarytable_in.dRefAxisScaling = 6.28318530717959/65536; /12 Pl /| 65536 per rev.
in radians

1
MMC_TrackRotaryTable(g_pHndl,vl.GetRef(),&set_rotarytable_in,&set_rotarytable_out);
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1
/I Set PCS Coordinates
SetGroupParams(MC_PCS @ORP

1
/I Moving the rotary table, will result in the SCARA robot following the rotary table.

1
/I PCS Motions of the SCARA to a part (or position) on the rotary table will result in
/I motion that is performed by the scara robot Z following the rotary table part.
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3.7 Data Logging in Maestro
The user program on the Maestro now has logging capabilies.Maestro, havingeingLinux
based, utilizes the existing syslog servidee following lists the logger capabilities:

- The log file/s may reside volatile or nonvolatile memory

- The log file/s may be uploaded, read and analyzed by a separate software utility

- The logging feature is supported by IPC Maestro programs only:
0 .gexe programs written by the user will have the ability to log.
0 A dedicatel class MMCLogger was created in order to support this feature.
o |EQwill havea dedicated FB/s for supporting the logging feature

- The logging supports severity levels for filtering reasons

- The logging supports a date and time of the log message

- Arrotating file mechanism is supported.

- In addition to the local loggingthe user has the ability to perform remote logging, via UDP,

to a dedicated host IP and port
- The remote logging has a format similar to the local logging format

An example for a remote ld@ver UDP)will look as follovgg-or example; using the Kiwi Syslog
Console

D ate Time Prionity Hostname Message
04-28-201% 18:08:19 User Emor 192.168.1.3 Jan 15 22:45:47 root: Login
04-28-2015% 18:07:59 User.Cnhcal 192.168.1.3 Jan 15 22:45:26 root: System SHUTDOWH
04-28-2015% 18:07:42 User Alert 192.168.1.3 Jan 15 22:45:10 root: System Just Started

A local log:

"
¥
"
¥
£
¥
£
F
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A dedicated class MMCLogger was created. The API is as follows:

- Define the Log file path & filsmame ¢ LogMsgConfigureFilePathAndName
- Remove logging files ¢ LogMsgConfigureRmovelLogFiles

- Normal / Smaller logging output - LogMsgCnfLogMsgSize

- Set Max File size before rotate - LogMsgCnfMaxFileSizeB4Rotate

- Set Number of rotated logs to keep ¢ LogMsgCnfNumRotateFiles

- Set Logging to remote - LogMsgCnfToRemoteHost

- Activate logging server - LogMsgStartLoggerServer

- Stop logging server ¢ LogMsgStopLoggerServer

- /2y FAIANE YR aidl NI (- Ko§MsgCmigteAddStartifofgerSeyver m
- Send logging Message to ServekogMsg

/*  Server Configure function: */

[* Set Server Configure parameters to defaults. */

[* 11 Does NOT affect RUNNING SERVER, affects ONLY ON NEXT SERVER START?*/
void LogMsgConfigureToDefault (void );

[* Server Configure function: */
/* Define s Logging file path & name */
/* Add extention to Base file name (or user deliver name) */
I* (The EAS search/find logging files according to thisexten  sio n).*/
/* If not specify name or its NULL => use the defaults name. */
/* Return 0 when everything ok and as expecting. */
/* If not called using the defaults. */
int LogMsgConfigureFilePathAndName
(char * pcLo gMsgFileName = LOG_MSG_DEF_LOG_FILE_NAME,
enLOG_MSG_LOGGING_FILE_LOCATION_PATEnLogMsgLoggingFileLocation =
enLOG_MSG_FLASH_FILE_PATH

/* Server Configure function: */

I* Remove (Delete) specific (or defaults) logging files. */
/* Add extention to Base file name (or user deliver name) */

/* (The EAS search/find logging files according this extention).*/

/* If not specify name or its NULL => use the defaults name. */

[* Return 0 when everything ok and as e xpecting. */
* If not called using the defaults. */
int LogMsgConfigureRmovelLogFiles ( char * pcLogMsgFileName =

LOG_MSG_DEF_LOG_FILE_NAME,
enLOG_MSG_LOGGING_FILE_LOCATION_PATENnLog MsgLoggingFileLocation =
enLOG_MSG_FLASH_FILE_PATH

/* Server Configure function: */

/* Normal / Smaller logging context - Set logging message size */

/* Return 0 when everything ok and as expecting. */
/* If not called using the defaults. */

int LogMsgConfigureLogMsgSize  (enLOG_MSG_SIZE_ENUMnLogMsgSize =

enLOG_MSG_SIZE_SMALY

Fdzy Ol
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/* Server Configure function: */
/* Define (set) the M ax File size before rotate: */
/* Range: LOG_MSG_MIN_FILE_SIZEKB to LOG_MSG_MAX_FILE_SIZEKB */
/* Default: LOG_MSG_DEF_FILE_SIZEKB */
/* Return 0 when everything ok and as expecting. */
/* 1f not called using the defaults. */
int LogMsgConfigureMaxFileSizeB4Rotate (int iFileSizeB4RotateKB =
LOG_MSG_DEF_FILE_SIZEKB);

/* Server Configure function: */
/* Set Number of rotated logs file to keep: */
/* Range: LOG_MSG_MIN_ROTATE_FILES to LOG_MSG_MAX_ROTATE_FILES */
/* E.gl: Files for iNumRotateFiles=1 LogMsg, LogMsg.0 */
/* E.g2: Files for iNumRotateFiles=2 LogMsg, LogMsg.0 LogMsg.1 */
/* E.g3: LogMsgNumRota teFiles(3); */
/¥ Cause cyclic write to files: */
[* LogMsg, LogMsg.0, LogMsg.1, LogMsg.2 */
/* Return 0 when everything ok and as expecting. */
/* If not called using the defaults. */
int LogMsgConfigureNumRotateFiles (int  iNumRotateFiles =
LOG_MSG_DEF_ROTATE_FILES);

/* Server Configure function: */

/* Set Logging to remote (logging also local y whenlif explicit */
/* request), define remote IP and Port: */

/* If (pcRemoteHostlp == NULL) Configure for NO LOG TO REMOTE */

/* 1 Any Configure take affect only on next servers start !!! */

/* Return 0 when everything ok and as expecting. *
int LogMsgConfigureToRemoteHost  ( char * pcRemoteHostlp,
bool bReportAlsoLocal = false
int iRemoteHostPort = LOG_MSG_DEF_PORT);

/* Configure and Start server daemon, all parameters should existin call
/* If MsgFileName is NULL => use the defaults name.

*/
/* If pcRemoteHostlp is NULL => no log to remote. */
/* The behavior is like all of related config fu nction are call with the
/* relevant parameters and then calling to start server.
*/
int LogMsgConfigureAndStartLoggerServer (char *

pcLogMsgFileName,
enLOG_MSG_LOGGING_FILE_LOCATION_PATH enLogMsgLoggingFileLocation,

enLOG_MSG_SIZE_ENUM enLogMsgSize,

int iFileSizeB4RotateKB,
int iNumRotateFiles,
char * pcRemoteHostlp,
bool bReportAlsoLocal,

int iRemoteHostPort);
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/* Activate Logger Server with configured values (defaults ~ */

/* or from Configure calls). */
/* This call should start the message collector server (daemon) */
/* which stays running also after the application exit. */
/* Call to configure methods (above) after Start has no */
[* effect on the runn ing server!!! */
/* Return 0 when everything ok and as expecting. */
int LogMsgStartLoggerServer 0;
/* Stop logging server: */
/* This call should stop collecting logging message by server */
/* (stop the Server daemon) which stays running also after the */
/* application logout/exit. */
/* Return 0 when everything ok and as expecting. */
int LogMsgStopLoggerServer  ();
/* Send logging Message to server: */

[* if the server already running (started) the message should */
/*r egister in logging file / send to remote or both acording to */
/* server Configure. */
/* Message builds according to format as in printf(forma,...) */
/* Return 0 when everything ok and as expecting. */
I* E.g: */
/* int iSeq=0; */
/* e
[* iSeq++; */
[* LogMsg(LOG_CRIT, "Good Message Number %d", iSeq); */
/*  Call with !l DEFAULT LEVEL !l */
int LogMsg( const char * format, ...);
/* ABOVE FUNCTION FOR call with DEFAULT LEVEL !!! */
/* THIS FU NCTION FOR USER SPECIFIC LEVEL. *
/*
* Legal values for the SendLevel:
* LOG_EMERG LOG_ALERT LOG_CRIT LOG_ERR LOG_WARNING LOG_NOTICE
LOG_INFO LOG_DEBUG
*/
int LogMsg(int SendLevel, const char *format, ...);
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3.8 Beckhoff ADS Protocol Support
Communication between TwinCAT software modules, both located on the same hardware device
and on two remote devices, takes place via a standardized and open protocol called

ADS= Automation Device Secification

Each software module belonging to or interifag directly with TwinCAT has its own ADS Interface
We added the capability in the Maestro to communicate with a Twincat device, over the ADS
protocol.

Windows SCADA TwinCAT TwinCAT TwinCAT
Programs (PLC HMI, ModbusTC OPC PLC
(vB 6.0, HAETE PServer server Control
C4+t. Movicon,
Ads Ads Ads Ads Ads Ads

Ty

]

]

]

]

]

1
TCP/IP

Ams Router

| ] ] ] ]

Ads Ads Ads Ads Ads
EVENT PLC NC CAM
LOGGER Server Server Server
server

Physical I/0 (terminals, fieldbusses, ..)

- Maestro acts as an ADS server.

- Reading parameters from the ADS client (usually a Twincat devicegtsarfsdefining the
parameters within the Twincat program.

- The Maestro supports both UDP and TCP based ADS.
- We added new classes:

o0 CMMCAdsAmsTcpProtocol

o CMMCAdsAmsUdpProtocol
Both including the following methods:
CMMCAdsAmsUdpProtocolinit

CMMCAdsAmsTcpRozolinit ¢ opens the ports and sets callback functions for the ADS state
machines when a Read / Write is called.
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3.9 %- " ,-&lMo Motion Blocks Library
'da LI NG 2F (GKAa al SAGNR NBf S| aepurmmsS ofthdBMBL i§ (| N2 R dzC
to sinplify already existing PLCopen functionalities within the Maestro, by using ready tailored
function blocks.

Inthe near futuregi KSaS 9a.[ Qa gAff 0SS dzaSR Fa LI NI 27F LINZ

This library is divided into categories, agath category includes a list of functions. The function
documentation can be found in the NetHelp.

9a.[ Q& FINB @At oftS Ay L9/ X [/ IyR [ tt

1 SingleAxis Homing
o EM_Homelmmediate
o0 EM_HomeOnBlock
o0 EM_HomeOnHomeAndLimitSwitch
o EM_HomeOnIndex
o EM_HomeOnLimitSwitch
1 Multi-Axis Homing
o EM_MHomelmmediate

o EM_MHomeOnBlock
o EM_MHomeOnHomeAndLimitSwitch
o0 EM_MHomeOnIndex
o EM_MHomeOnLimitSwitch
T PVT

o EM_PVTFile

o EM_PVTMem
1 Joystick

o EM_JoystickPos
EM_JoystickPosAdv
EM_JoystickPosExtParam
EM_JoystickPosPI
EM_JoystickVel
EM_JoystickVeblv
EM_JoystickVelExtParam

o EM_JoystickVelPI
1 ECAM

o EM_CAMMeminit

o EM_CAMMemActive

O O O O O O
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9 Emulation

EM_FbkQuadEmulation
EM_FbkPWMSignalEmulation
EM_FbkPWMSrcSocketEmulation
EM_FbkQuadSignalEmulation
EM_FbkWaveSignalEmulation

1 Output Compare

(0]

O O O O O O

(0]

EM_OCAbsPoslInit
EM_OCAbsPosActivate
EM_OCSngIPIsInit
EM_OCSnglIPIsActivate
EM_OCTimeTablnit
EM_OCTimeTabActivate
EM_OCPosTablnit
EM_OCPosTabActivate

9 Position Force

(0]

EM_POSFORCE

1 Group Motion

(0]
(0]

SimpleXYMotion
SimpleXYZMotion

1 PLCOpen State

(0]

(0]

MultiAxis
A EM_MPLCOpenlisDisabled
A EM_MPLOpenlsError
A EM_MPLCOpenlsinMotion
A EM_MPLCOpenlisStandby
SingleAxis
A EM_SPLCOpenlsDisabled
A EM_SPLCOpenisError
A EM_SPLCOpenisinMotion
A EM_SPLCOpenlIsStandby

i Status Register

EM_RegisterIsFLS
EM_ReqgisterIsRLS
EM_RegisterlIsSWLH
EM_RegisterlsSWLL
EM_RegisterisTargetReached

I Wait Functions

(0]

O O O O ©

EM_WaitinMotionMask
EM_WaitMotionSettled
EM_WaitMotorOn
EM_WaitOperationalMode
EM_WaitSpecificMask
EM_WaitStandSitill
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I Kinematics
o EM_Simple2DKinematics
o EM_Simple3DKinematics
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Release NotesNew Firmware Version foGMAS
Version 1.15.0 and Library Update @0

1. General
¢ K 8lmage_v1.15.0.82 2055 1 27.gms A a | ySg FANNGINBE NBfSFAS 1
Motion Controller, which supports the following new major features:

1. NewError Handlindeature. Ability to define erropolicies at the system / network and axis
level.
2. Hotplug support in the GMAS
0 bSs YSOKFIYyAEAY NBIFNRAYy3I (GKS RSGISOlGAzy 27
runtime.
o0 New validation mechanism.
o0 New notification mechanism and behaut.
3. ECAM support in the GMAS
o CAM based on a file resided in the GMA®ased on an array
Periodic mode CAM.
Non-Periodic mode CAM.
Ability to change the CAM during CAM operation.
Master/Slaveandependentscaling and offsetting
Absolute and Relative bageables.
Auto Offset mode.
Fixed gap and nefixed gap table support.
Online modification of an ECAM table.
APIs to support the above.
4. New Quintic PVT.
5. New Modulo mode.
6. Send command to drive via SendSDO mechanism.
7
8

O OO O0OO0OO0OO0OO0OOo

EoE support in IEC programmignyvironment.
. Send a notification event to the user based on a situation that occurred in the system.
9. Ability to perform data recording on Pl variables.
10. Bulk Read on PI Variables. No need to read the variables one by one.
11. WaitForConditioikxc Now the conditon can be on a Pl variable value as well.
12. WriteGroupOfParameteisxq also for PI variables. Queued amoh-queuedmodes.
13. Ability to acquire the number of Pl variables
14. Get PI By User Alias.
15. Ability to receive multiple Pl variables information
16. Personalityricludes description for data recording parameters.

Compatibility Issues

We, as always, do our best in order to maintain compatibility with previously released GMAS
versions and libraries. However, in order to work with thisI&S firmware version the

network configuration must be configured via tBAS Ethercat ConfiguratarAt least from

EAS Version 2.1.0.10
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1.1 Error Handling policies in GMAS

General

Upon theoccurrence of an error in the GMAS$he user can define a policy regarding the
reaction of the GMA® the error. The reaction to the error is performed in Real Time.

The policies can be one or more of the following (bitwise selection):

- No reaction

- Stop

- Power Off

- Move System to SAFEOP
- Notification Event to User

The different errors and APIs are described below.
Cyclic Errorg§Working Counter) Missed Frames

This error, detected every main cygJehecks for Cyclic Pl Read and Write Errors. The error
counter must be consecutive meaningc only when a number of consecutive errors
occurredc the reaction/policy will take place.

PHY Errors
The Following Error Counters are monitored:

Invalid frame counter of port y

RX error counter of port y
Forwarded RX erracounter of porty
ECAT Processing Unit error counter
PDI Error counter

Lost Link counter of Porty

o gk wnN R

The value of the PHY errors counter is the maximal (and consecutive) value of all of the
above.

AL Error

Once this error is detected, ig reported to theuser immediatelyThe slave will entethe
error stateupon detection, the user will not be able to change this behavior

The user may define a policy that will be enforced towards the group members of this slave.
No policy except ERROR stop will be emdriowards the AL error slave.
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Axis Connect / DisconnectRReconnect
An event will be sent to the user for each of thigoveoccurrences

1. Upon node disconnection it will enter error state

2. When node reconnects it will stay tine error state until reseby the user

3. When the first cable (GMASdrive in) is disconnected, all drives will enter heartbeat
error once and the Ethercat network will be scanned (EEPROMS validation) after
reconnection.

Drive Status Word monitoring

TheDrive Status Word object monitored during Real Time. The following are monitored:

0 Motor off
0 Quick stop reaction
o Fault

An unexpected change in the SW will cause a predefined GMAS policy.

Upon error detection the GMAS will apply the predefined policy on the axis group
members, the plicy will not be invoked towards the axis that caused the error which
will enter ERROR stop immediately.
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ERROR POLICY- Options Affected axes ERROR_STOH
MISSED All axes Accordingo
FRAMES policy
WRONG WC - Do nothing
- Perform

A STOFFB ;

PHY A POWER - If the detected axis belongs tan
EB active vectorg all vector

A SAFEOP members

< Detected axis + all axes

A Event .

Only detected axis
AL YES
Axis Only axis
disconnect Axis is immediately entered t¢ causing the
error stop
error and the

Unexpected - Perform : :
otor -off A STOFFB Policy applied on othegroup group enter

A POWER - members error
SWFAULT FB No effect on entire system

2 EAFEOP If error does not cause the ax
Quick Stop vent to FAULT or motor off, the
FB policy is invoked towards the

Emergency axis

EMERGENCY
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New APls

Name:

MMC_RegErrPolicy

Syntax:

int MMC_RegErrPolicy ( MMC_CONNECT_HNDIConn,

MMC_REGERRPOLICY_IN

plnParam, MMC_REGERRPOLICY_O{fOutParam);

Description

Registers an Error Politiesfor a specific axis.

Parameters
The input structure is afllows

typedef  struct
{

NC_POLICY_ENTRYpPolicies
unsigned short usAxisRef

unsigned char ucNum

unsigned char pSpare [64];

} MMC_REGERRPOLICY_|N

¢ |
Elmo

Motion Control

[MAX_REG_POLICY];

NC_POLICY_ENTRYpPolicies 1 an array of errors and policies to be registered
unsigned short usAxisRef i Axis ref relevant for axis errors
unsigned char ucNum © number of entries in the array to be registered

The NC_POLICY_ENTRY struct is as follows:

typedef  struct  nc_policy_entry
ERRORSeErnType ;
unsigned char ucPolicy
unsigned char ucThreshold

}
NC_POLICY_ENTRY

ERRORSeEnType - Enumerator of error that the policy is to be registered on
unsigned char ucPolicy bitwise value that definethe policy options:

- 0c¢ No reaction
- 0x1c¢ Send notification by event
- 0x2c¢ all drivesperform stop FB

- 0Ox4call drives enter SAFEOP staMove AxisSystem to SAFEOP

- 0x8¢ perform EEPROM scan of the entire network

- 0x80¢ apply policy to thesntire system

The output structure is standard dmeturns the status and error:

typedef  struct
{
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unsigned short usStatus ;
short  sErrorlD
} MMC_REGERRPOLICY_QUT

Code Example

MMC_REGERRPOLICY_INRegIn;
MMC_REGERRPOLICY_OWegOut;
unsigned short usPolicies;

int i=0;
Regln. usAxisRef = UusAXxis;
RegIn. ucNum =3;

printf  ("eNODE_ERROR_ECAT_PHY_ERROR selected x%X n", eNODE_ERROR_ECAT_PHY_ERROR
Regin. pPolicies [0]. eErnrType = eNODE_ERROR_ECAT_PHY_ERROR

printf  ("eSYS_ERROR_MISSED_FRAMES selected 0x%X \ n", eSYS_ERROR_MISSED_FRAMES

Regin. pPolicies [1]. eEnType = eSYS_ERROR_MISSED_FRAMES

printf  ("eNODE_ERROR Unexpexted motorOff selected 0x%X \'n", eNODE_ERROR_UNEXPEC_MP_0
Regin. pPolicies [2]. eErrType = eNODE_ERROR_UNEXPEC_MQ_0

l

/I Set Motor Off + Event policy to all errors.

RegIn. pPolicies [0]. ucPolicy = ePOLICY_POWER_OFF ePOLICY_EVENT
Regin. pPolicies [1]. ucPolicy = ePOLICY_POWER_OFHK ePOLICY_EVENT
Regin. pPolicies [2]. ucPolicy = ePOLICY_POWER_OFHK ePOLICY_EVENT

rc = MMC_RegErrPolicy(ConnHndl,&RegIn,&RegOut);

if(rc)

{
printf("MMC_RegisterErrorPolicy failed, error %d \ n",RegOut.sErrorID);
PrintError(RegOut.sErrorID);
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Name:

MMC_GetErrPolicy

Syntax:
int MMC_GetErrPolicy (MMC_CONNECT_HNDIConn,

MMC_GETERRPOLICY_M\pInParam, MMC_GETERRPOLICY_OUT
pOutParam);

Description
Returnsan Error Policy for a specific axis.

Parameters
The input structure is as follows:

typedef  struct

ERRORSpErType [MAX_REG_POLICY];
unsigned short usAxisRef ;
unsigned char ucNum

} MMC_GETERRPOLICY_IN

ERRORSpENType ¢ an array of errors that their policy should be returned

unsigned short usAxisRef ¢ axis reference of the required axis (if axis related)

should be returned
unsigned char ucNumg¢ number of policies to be returned

The returned output structure ias follows:

typedef  struct

{
NC_GET_POLICY_ENTRYpPolicies [MAX_REG_POLICY];

unsigned short usStatus ;

short  sErrorlD

unsigned char pSpare [64];
} MMC_GETERRPOLICY_OUT

NC_GET_POLICY_ENTRYpPolicies ¢ an array of returned policies data:

typedef struct nc_get policy entry
{

unsigned char ucPolicy ;
unsigned char ucThreshold ;
unsigned char ucCurrentval ;

}
NC_GET_POLICY_ENTRY

unsigned char ucPolicy ¢ current registered policy
unsigned char ucThreshold - current registered threshold
unsigned char ucCurrentval - current value of the error counter
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Code Example

MMC_GETERRPOLICY_IN Getln;
MMC_GETERRPOLICY_OUT GetOut;

GetlIn.usAxisRef = usAxis;

GetIn.pErType[ 0]= eNODE_ERROR_ECAT_PHY_ERROR
GetIn.pErType[ 1]= eSYS_ERROR_MISSED_FRAMES
Getln.pErrType[  2]= eNODE_ERROR_UNEXPEC_MQO_0
GetIn.ucNum = 3;

rc = MMC_GetErrPolicy(ConnHndl,&Getln,&GetOut);

if(rc)

{
printf("MMC_GetErrPolicy failed error %d \ n",GetOut.sErrorID);
PrintError(GetOut.sErrorID);
continue;

}

for(i=0;i< 3;i++)

{
printf("policy = %hhu, Applies = %hhu, threshold = %hhu, current =
%hhu n",(GetOut.pPolicies[i].ucPolicy & (~0x80)),GetOut.pPolicies[i].ucPolicy >>
0x07,GetOut.pPolicies[i].ucThreshold,GetOut.pPolicies]i].ucCurrentVal

}
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Name:

MMC_ResetSystem

Syntax:

int  MMC_ResetSystem( MMC_CONNECT_HNDConn, MMC_RESETSYSTEM_*IN
plnParam, MMC_RESETSYSTEM_CUDutParam);

Description

This API resets the entire system errors, including PHY error counters , cyclic and
missedframes errors, in addition it performs EERPROM scan and changes all nodes to
INIT and then to OPERATIONAL state and therefore results in motor off of all drives.

In addition this API might reset GMAS fatal error and return it to fully operational
status.

Parameters

No data is needed for the input structure:

typedef  struct

{
unsigned char ucDummy
} MMC_RESETSYSTEM_;IN

Result of the operation is returned in a standard output structure;

typedef  struct

{
unsigned short usStatus ;
short  sErrorlD

} MMC_RESETSYSTEM_QUT
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Code Example

MMC_RESETSYSTEM_IN Resetln;
MMC_RESETSYSTEM_OUT ResetOut;
MMC_READBOOLPARAMETER_IN ReadIn;
MMC_READBOOLPARAMETER_OUT ReadOut;
ReadIn.eParameterNumber = MMC_GMAS_INIT_STATE;

rc = MMC_GlobalReadBoolParameter(ConnHndl,&Readln,&ReadOut);
if(rc)

printf("MMC_GlobalReadBoolParameter failed error %d
PrintError(ReadOut.usErrorID);

}
else
printf("GMAS init state is %ld \ n",ReadOut.IValue);
printf("resetting system errors \n");
rc = MMC_ResetSystem(ConnHndl,&ResetIn,&Res etOut);
if(rc)
{
printf("MMC_ResetSystemErrors failed error %d
PrintError(ResetOut.sErrorID);
}

rc = MMC_GlobalReadBoolParameter(ConnHndl,&ReadIn,&ReadOu
if(rc)
{

printf("MMC_GlobalReadBoolParameter failed error %d
PrintError(ReadOut.usErrorID);

else

printf("now GMAS init state is %ld

\ n",ReadOut.IValue);

¢ |
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\ n",ReadOut.usErrorID);

\ n",ResetOut.sErrorID);

t);

\ n",ReadOut.usErrorID);
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1.2 Hotplug support in the GMAS
General

Upon cable disconnection the behaviour of the GMAS Ethercat master was such that it caused
the drive to perform a motor off of all axes currently connected to the netwtirtid not
necessarily need to be a physical disconnectjdrcould also be caused by a faulty cable.

The feedback the user would receive would be as follows:

Emors

w Send/Receive Error w Frame Parse Error w  Connection Lost & Watchdog Timeout
@Wrong Configuration @ Defaultinput values & Slave to slave communication timeout

Send Errors 0 Wrong Working Counter 178200

Receive Errors ] Parse Errors Counter 14310

Old Behaviour

A wrong configuration flag would be set (as the number of axes physicaleaetwork does
not match the intended configuration). As a resubill the inputs received from the slaves /
drivesonthenetwork 4 SNBE aSid G2 WwYnQo

This was the situation until the correct configuration was returned to normal. As a rethat
wholey S 62N)] 61 & WRA&ALFIOESRQ dzyiAf AYyAGALFE O2y FTA3

New Behaviour

A new behaviour designed in the GMAS enabled us to properly detect the disconnectiorr and re
connection of slaves on the network without disabling the latter drivethemetwork. This is
done by reading the EEPROM of reconnected slaves ONLY and not all slaves.

W2 NPy 3 / 2y TAI3dzNI iNansbef of aldvés Scquindbyithe® y &8 BNB R Jis / 2 dzy 1 SN
smaller than thenumber of slaves in th€MAS configuratiofslavesdisconnected)

GMAS | drive |# drive * drive ‘X{ drive ‘x drive ‘

2 KSy GKS Da!{ A& Ay (K&thYGMAB yesks forsayohrdedioaNdthieA 2y a
disconnection point by reading the slave EEPROM.

Port: open closed

|GMAS H drive H drive |—)(
COl

M: established Not

established
|GMAS H drive H drive —+ drive ‘*{ drive *{ drive

Scanning is continued until receiving the correct FULL configuration as appears in the GMAS
configuration file

GMAS [™ drive = drive |-» drive H drive ‘—I-— drive ‘
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Network Topologies

Network topologies similar to the following were tested:

drive F»’ drive F»

drive M drive }.
drive F’ drive F

Segment 1

J drive | drive »

Segment 1|

+’ EK1100 I EK1122 {

Segment 2

’ GMAS F»’ drive

L
Segment 3

GMAS | drive |- EK1100 | EK1122

.
OMRON [
- ) -
Segment2 | junction |
-
> drive || drive »
Segment 3

Segment 1

drive drive

Segment 2

. OMRON Segment 3
e g R

Segment 4
drive drive

Segment 5

- -

Compatibility issues

Theonly one who has knowledge of the FULL network topology is the EAS, during the
configuration phase. At this stagehe EAS builds the topology with all slaves and junctions in
the system. This topology MUST be downloaded to the GMAS, as part of the configuration
phase, and is supported in advanced EAS versions ONLY.

Upgrading to this version without tecanning the system with new EAS will resuEMAS Fatal
Errorat startup.
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1.3 ECAM

General

CAM Definition :Cam creates a link between a master and one or more slaves in a position /
position mode (see figure hereunder).

With motors and drives one can create the same position / position relationship but in this
case via a so call€giam table listing the positions. So the relationship is converted to software
and control.

Postion A

Slave

Master P()"sition
CAM profile illustration
An ECAM example can be found in the graphs below.

Participant axes: master axis a02 (the upper chart), slave axis a03 & slave axis a04 (the lower
chart):

CAM process on a03 (blue) runs as a-shet (non periodic) and a04 as a periodic process.
Master a02 of this example moves from 0460000 then stos for a while and moves back

to zero. One can see that slave a03 is engaged as long as the master passes along the CAM
table and is disengaged when it exits the table for the first time. The other CAM process on
a04 proceeds forever until disengaged by Nbl@mOut or MC_Stop

" Recorder @ @ Y% & | united o0 5
Chart#1 02 Position Profiler Output [ent] (<]

:::::

vvvvvvv
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ECAM runs as a single axis function block in the system. Several axes can share the ECAM table. The
ECAM runs under the fieldbus DS402 Cyclic/Interpolated position motion modes.
The following list specifies the ECAM capabilities.
Yh & X iiléh Periodic Mode

A omplete CAM process in a singla along the rangef master valuesWhen the master
exits the table, the CAM process is aborted automatically.

Cyclicg Periodic Mode

An endless execution of the CAM table. Engagement starts upon ordinary conditions. Master
LR AAGAZ2Y A || NB Waddevedéxit theSaRlQrangdh Rrdef th dicidve a

smooth curve, another range of slave column is addetthésslave calculategosition on

every master cyclésee examples for MC_Camin on the follaws)

Linear mode- Periodic linear Mode

An endless CAM process. Master /slave engagement starts upon ordinary conditions.
Decoupling occurs when master exits the table. CAM procesd tompleted upon
decoupling and proceeds until aborted by MC_Stop (or MC_CamOut ). Master may enter
and exit CAM table in both directions, so that coupling and decoupling may occur many
times as part of this kind of CAM process (see examples for MC_Garthia follows)

Bidirectional motion of master axis

Master may move in both directions using any mode of operation (periodic/periodic
linear/one-shot).

Absolute Tables

Absolute table refers to all values as absolute position. Absskitings of the masr/slave
are independent of each other

Relative Tables

Relative table refers to all values as relative to master/slave axis position at activation time.
Relative settings of the master/slave are independent of each other.

1. Itis recommended to use zero uak in the first table entry in order to avoid jump.

2. If the first phase in table is not zero then the axis may jump. One can use a slave offset to
avoid a jump (negative offset to first phase for instance).
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Auto offset

Auto offset is used to avoid any juropthe slave axis. It means that at the engagement stage,
slave position in table is adjusted to sl&gosition. All slave positions in all other rows are
adjusted by the same offset.

Auto offset parameter overridethe user definition for slave offset.
Software and Hardware Limits

If the slave axis exceeds the lisdluring cam operation, an error occurs.
Loading a CAM

CAM tables can be loaded either from an array or from a file residing on the GMAS FLASH.
CAMresiding onFLASH

CAM table éllows the familiar conventiog ¥ 2 G KSNJ G 6t Sa ©6nkigis®f t +¢ X {
two parts, header and data. The header (see brown below) defines:

1. Version (optional)
2. Table mode (ECAM file on this case)

3. Dimension:number of $aves. Group is not supported at this phase therefore it must be
one for now.

4. Number of points: number of rows within data section.

5. Cyclic: Not in used. It is there for historical reasons.

6. Pasition absolute. Not in used. It is there for historical reasons.

7. Master gap (fixed gap or gap that varies).
NoteY t I NI YSGSNBR W/ 280fSQ yR Wt2aAlA2y | oaz2fdziSQ
0dzi GKS /'!'a f2FRSNI R2SayQi OIFINB 062dzi GKSY®
9FrOK NBg Aa ¢!. RSTEAYAOGSRIX SyRtéentexkank W/ w[ CQ®

numbers and between numbers in header (see brown below). Text must not contain TAB

characters. TAB also separates between columns in the data part. The data part defines the CAM

table as lists of master/slave pairs. If master gap defindikad ECAM fixed gap)then master

O2fdzvYy Aa YAaaAiayadoe hy (GKFdG OFrasS YFadSNI LRaArAdArAz
CamTableSelect) and calculated by MC_Camlin FB for each segment at runtime.
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ECAM version 1 0
ECAM modé

ECAM dimension 1
ECAM num of pts 10

ECAM fixedgap O
ECAM data start
0.0000000 0.000000 2

20000.000000 35000.000000
50000.000000 60000.000000
75000.00000050000.000000
120000.00000@0000.000000
144000.00000@10000.000000
165000.00000@22000.000000
185000.00000@45000.000000
200000.00000a.60000.000000
220000.000000.85000.000003
ECAM data end

Note: If ECAM fixed gap is1 then first column, which is the master column, does not appear

the CAM table.
Loading aCAM Table

Cam loading is done by MC_CamTableSelect APIl. One may either load CAM table from file or use
an array from user program for that matter. In any case a call to MC_CamTableSelect is
mandatory. One cannot run MC_Camin if MC_CamTableSelect waenimusly called.

Loading From array
In order to use an array from user program three APIs should be use by the following order:

1. Call MC_CamTablelnit to allocate memory in GMAS for a certain CAM table.
2. Call MC_CamTableSelect using the table handlechwhas retrieved by the call above
to MC_CamTablelnit.

Call MC_CamTableAdd, using the table handler above, to load data into table.
Loading From File

Call MC_CamTableSelect with table handler setlfpgnd file path set as appropriatdle~
format shouldbe compatible to the definitions for CAM table fornediove.
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Flow for loading a CAM

a. Load CAM table (from user program or file)
b. Call MC_Camlin with input parameters as desired.
c. Call MC_CamOut (or MC_Stop) to end the CAM process.

Example:

_axes[0].CamTablgnload(1); /lclear all tablesif so desired

_CamTable.dbGap = 1000; /Irelevant only on fixed gap(see CAM table header)
_CamTable.dbMasterStartPosition = 0; //relevant only on absolute master and varies gap
_CamTable.eCoordSystem = MC_NONE_COORD,; /ffor future use
_CamTable.iCamTablelD-£ /Imay be retrieved byMC_CamTablelnit

_CamTable.pPathToTableFile[0h=« Yy i k 2 T T & «k; @bl gath lis gghofed>dd Yhemory loading.
_CamTable.eCurveType = eQuinticinterp;/eQuinticinterp is the default interpolation type.
_CamTable.eTableMode = eCAMT_RWModenodifiable table

_uiTablelD = _axes[2].CamTableSelect(_CamTable, 0,/imB%ter absolute, slave/relative

uiMaster = _axes[1].GetRef();
_axes[2].CamIn(uiMaster, MC_BUFFERED_MODE, _uiTablelD, 0, eCAM_PERIODIC);
While (TRUE)
{
If (user programcondition>) {
_axes[2].MC_CamOut();
Break;

}
usleep(50000);
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1.4 New Interpolation Type in PVT

General
The current version supportn additionalPVT interpolation type:
GvdZAyGAO LYGSNLREIFIGAZ2YE D
Untlnowgli KS t +¢ AYGSNLRELFGAZY adZIRNISR 6La 27

The crucial difference betweehe two interpolation methods is that gutic interpolation
guarantees continuity by accelerati while cubic interpolation causes discontinuity by AC at
each usedefinedpoint.

At the same time the cubic interpolation hasignificant advantage: minimal variation by
position, velocity and acceleration that is based on the minimal curvature propéthe
cubic polynomial.

So- the user is advised to make experiments with both methods and choose theitime
better results.

Using the new interpolation method

In order to use the new interpolation methagthe yellow enums below were added to the
NC_MOTION_TABLE_TYPE_ENUM enumeration.

typedef enum

{
eNC_TABLE_NONE,
eNC_TABLE_SPLINE,
eNC_TABLE_PVT FILE,
eNC_TABLE_PVT_ARRAY,
eNC_TABLE_PVT_FILE_QUINTIC
eNC_TABLE_PVT_ARRAY_QUINTIC_CUB
eNC_TABLE_ECAM _FILE,
eNC_TABLE_ECAM_ARRAY,
eNC_ABLE_OLSPLN_ FILE,
eNC_TABLE_OLSPLN_ARRAY,
eNC_TABLE_MAX

}NC_MOTION_TABLE_TYPE_ENUM;

¢tKSe IINB (G2 0SS dzASR Ay (GKS F2ff2gAy3 !t LQAY
- MMC_LoadTableFromFileCmd
- MMC_InitTableCmd
- MMC_AppendPointsToTableCmd
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Method Comparison

As mentioned above users areadvised to conduct experiments with both methods in order
to choose the best results.

The main difference between the methods is the continuity / discontinuity in the
Acceleration.

The graphs below demonstrate the difference in the behaviour of the AR thé identical
table of points.

Cubic Interpolationg Discontinuity in AC

The same table, but using the Quintic Interpolation will result in:

Quintic Interpolation ¢ Continuity in AC
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1.5 Additional Modulo Mode in GMAS

There are now 2 Modulo modes that can be set in the GMAS. If we were to look at the EAS
interface, we would see the following:

Wodulo Options Mo Modulo - Using Position Limits
Mo Modulo - Using Position Limits

Low Modulo [deg] Modulo (GMAS Only)
High Modulo [deg] IModulo (GMAS and Drive)

Modulo GMAS Only, The modulo is performed in the GMAS only. The drive lives in the +/
32 bit position world. The GMAS sentis position to the drive within these limits.

Modulo GMAS and Drive The modulo exists in the GMAS and the drive. The GMAS will
always send the drive values within the Modulo range defined.

The meaning is as follows:

If | have a rotational axis, withtD000 cts/rev. | would like to define user units in degrees:

i G-MAS Axes Configurator | User Units a01
— " Position Units Name | Degrees (deg) w Position Unite Ratio | 27. 7777777777778

wLimits and Protections

w'Motion Limits and Modulus Velocity Units Name |Degrees/sec (deg/sec) ~|  Velocity Units Ratio | 27.77777777777728

A0 dalim e VAL e

The user units will be 10000/360= 27778

Working in Modulo mode we will set the limits to be within the 360 degrees:

[ Motion Limits and Modulus L TR Ty
+Settling Window Modulo Options Madulo (GMAS Only) ~
w'Fast Reference (0x2005)

Low Modulo [deg] 0

High Modulo [deg] 3au|

Release NotesMaestro Rev x 1 7 0 ver 2.docx Page78of 298



¢ |
Elmo

Motion Control

Modulo GMAS Only

In this modec the drive is not set to work in Miulo mode:
: ;:;;L;:;g:;ings Waodulo Options No Modulo - Using Position Limits

» User Units Low Paosition Command VL[3] [cnt] -OE+8
«¥Display User Units

. . High Position Command WH[3] [cnt] QE+8

» Limits and Protections
® Current Limits Low Modulo - XM[1] [cnt] -1E+9
Motion Limits and Modulo High Modulo - XM[2] [cnt] 1E+9

® Protectinns

After performing data recording at the GMAS level, and looking at the Target Position command

Chart#1 a0l Position Command (0x607A) [cnt] E

1630.8

1000 —-

500 —-

0

=271 R -

We can see that the Position command exceeds the Modulo value of the GM&S)(@nd the
command is downloaded to the drive in the drive urfiss). The actual position is of course
received in both user units (degrees) or drive units (cts), depending on the recorded variable:

Chart#4 a01.Actual Position (0x6064) [ent]  a01.Actual position [deg]
B S T U B D DU S D S B R N R
| | | | | | ] | | | | | | ] | | | | |
| | | | | | | | | | | | | | | | |
e e T e s e e e B e e e e e e e
| | | | | | | | | | | | |
oop——L—Ll_ 411441 ol N R P
| | | | | | | | | |
| | | | | | | | | |
TTTTTITTTTTTOTOT aTaTaT T
| | | | | | | | |
a4 -+-+-4+-+—-+—-=4—-—=4- ——=—==
| |
4 4
| |
| |
o= T T T |
| | | | | | | | | | | | | | | | | | |
B T i e i i S A R
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In this mode, both the GMAS, and the drive, work in Modulo mode. They do not necessarily
haveto have the same modulo values (GMAs can be in User units, degB&fsahd drive can

remain in cts)

Setup of Drive Modulo Options:

Modulo Options

Low Position Command VL[3] [cni]
High Position Command WH[3] [cnt]
Low Modulo - XM[1] [cnt]

High Modulo - XM[2] [cni]

Setup of GMAS modulo options:

Modulo Options
Low Modulo [deg]
High WModulo [deg]

Modulo — No Position Limits

10001

10000

EMDduIO (GMAS and Drive)

After performing data recording at the GMAS level, and looking at the Target Pasititnand:

—— b — b ——d——
—— b — b ——

o [
[ [
A—t—t—tgt—t—- ==
oo [
[ [ [
R At I -
[ AN [
[ o [
R R 11
I [ [
I [ I

RN . B (B

I [ A | I
1 [ [ 1
I [ [ I
ST T T a
[ T T A T T B A |
I TR N R R R A A |
I I I I I 1
25 3 35 4 45 5
Time (sec)

The Position command will be in the modulo range (of the drive). The actual position of the drive

and GMAS can be seen below:

Chart#4 a0 Actual Position (0x6064) [cnf] a01_Actual position [deg]

11993~

The drive position rolls at drive units{@000),

and GMAS position rolls at GMAS uni{36(@).
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1.6 SDO Command To Drive z Using Drive Command Reference

General

¢tKS FoAftAlGe G2 O02YYdzyAOl GS

working over Ethercat) only.

02

G§KS RNAGSI Ay

This sometimes caused problems associated with network, masks and gateway definitions.

As thedrive supports communication over the SDO mailQeve simplified the data
O2y@SNEA2YS YR ONBI (SR

IANRdzZL) 2F aAYLX S

This is the preferred method to work in as we experienced factory network issues when

working with EoE.

There is no need talefine / work with IP addressingvhen working with this method.

New APQ a Y

void SendCmdViaSdoDownload (long IData, const
void SendCmdViaSdoDownload ( float fData, const
void SendCmdViaSdoUpload (long & IData, const
void SendCmdViaSdoUpload (float & fData, const

Where:

Examp

pcCmdldx T The command to send.

char * pcCmdldx,
char * pcCmdldx,
char * pcCmdldx,
char * pcCmdldx,

ucSubindex i Optional Parameter of command index. (Default=1)

unsigned
unsign ed
unsigned
unsigned

char
char
char
char

ucSubindex=1)
ucSubindex=1)
ucSubindex=1)
ucSublndex=1)

The data to receive/send may be float or long. The functions are overloaded.

les:

longglData;
float gfData;

/I read px

a01SendCmdViaSdoUpload (glDdtd,JE ¢

/l read iq

a0lSendCmdViaSdoUploadfigta,a A)jj €

/1 ui[5]=100

a0l SendCmdViaSdoDownlod@Q, & dzb)g

1.7 EoE Supportin IEC

The IEC now supports EOE to the drive. Users can now communicate with the drives over
EoE, and set parameters via this channel
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bSg !tLQa
MC_BEConnect

Inputs:
|pAddr (*STRING™)
Execute ("BOOL™)

Add[] (FUSINT®)

Outputs: MC_EoEConnect

sock (*DINT®) IpAddr sock

Dorne ("BOOL™) Execute Dione

Error (*BOOL™) B[] Error

ErrorlD ("INT™) ErrarlD
Purpose

Creates an EoE connection to the drive.
Output Values
Sockg Socket ID which is to be used in further API functions
Donec EoE Connect finished OK
Error¢ If an Error occurred, this bit will leue
ErrorlD¢ Error Number.
Example
Usually called at Startup:

foEoEConnect('10.10.16.16' , true , adder);
dSockt:=fbEoEConnect.sock;

fbEoEConnect1('10.10.16.17", true , adderl);
dSocktl:=fbEoEConnectl.sock;
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MC_EoElose

Inputs:
Execute (*BOOL™)
sock ("DINT™)

ftECECLOSE Outputs:

wc_eoecL..|  Done ("BOOL®)
Exe.. Done Error ("BOOL™)
sock  Emor] ErrorlD {*|NT*:I

Erro. ..

Purpose

Closes an EoE connection.
Output Values
Done¢ EoE @sefinished OK
Error¢ If an Error occurred, this bit will leue
ErrorlD¢ Error Number.

Example
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MC_EoBEetParam

Inputs:

Execute ("BOOL")
sock ("DINT®)

Add[] ("USINT™)
Command (*STRING™)

fbEoESetParam *
MC_EoES=tParam l@"l.l'r-ﬂlLlE l:: ANY*]
Outputs:
ErmariD 0 DDI‘IE {*BOOL*}
Error ("BOOLT)

ErrorlD (*INT™)

Purpose
Sets a parameter in the drive.

Input Parameters
Executeg Data is sent to drive at rising edge of extchit.
Socke Socket returnedrom the EoEConnect function
Add[] ¢ Address structure consisting of the drive IP address. Usually created with the
udpAddrMake function
ValuecW b, Q G@LIS LI NI YSiGSN®

Output Parameters
Done¢ Sending the parametdinished successfully.
Error¢ If an Error occurred, this bit will leue
ErrorlD¢ Error Number.
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MC_EoEetParam

Inputs:

Execute ("BOOL™)
sock (*DINT®)

Add[] (FUSINT™)
Command (*STRING")

4 @Value ("ANY™)
z MC_EcEGetParam z

l:ﬁEx_:l.ta Done D‘Utp uts:

lﬁanck Errﬂr[ﬁl Done {*BOOL*}
I:EA:-:[', ErrarlD?,J Error {*BGDL*}
féll{:-mrnand g ErrorlD (*INT*)
o f

Purpose
Gets a parameter from the drive.

Input Parameters
Executeg Data is sent to drive at rising edge of execute bit.
Sodk ¢ Socket returnedrom the EoEConnect function
Add[] ¢ Address structure consisting of the drive IP address. Usually created with the
udpAddrMake function.
Commandc/ 2YYlF YR (2 A4SYyR (2 RNAGSD® AdSd W{tQa

Output Parameters
Done¢ Sending the parametdinished successfully.
Errorc If an Error occurred, this bit will leue
ErrorlD¢ Error Number.
ValuegW b, Q G@8LIS LI NI YSGSNI gA0K GKS @I dzS G2
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fbECESETARR
MC_EoESetAmr
Executs Conz0
SOC Error g
k(] ErmariD
Command
Indizse
EValue

Purpose
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Inputs:

Execute ("BOOL™)
sock (*DINT™)

Add[] FUSINT™)
Command (*STRING®)
Index (FUINT™)
@Value ("ANY™)

Outputs:

Done ("BOOL™)
Error (*BOOL™)
ErrorlD (*INT™)

Sets an array element in the drive.

Input Parameters

Executeg Data is sent to drive at rising edge of execute bit.
Sockg Socket returnedrom the EoEConnect function
Add[] ¢ Address structure consisting of the drive IP address. Usually created with the

udpAddrMake function.

Command; Commandi 2 a4 Sy R (BRRRNA PSP A dSod W
ValuegW b, Q G&8LIS LI NIYSGSNI gAlGK GKS @I f dzS

Output Parameters

Donec¢ Sending the parameter finished successfully.

Error¢ If an Error occurred, this
ErrorlD¢ Error Number.

bit will heue
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MC _EoEsetArray

fbEQEGETARR

MC_EocEGetAmr

Done

¢ ;
- -
Ea{-:k é]
Audd
; 1 ?,;J
2 ;’
- -
v Z
- -
’ ’:f

Errar
Errarl D 2
Command

T

Purpose
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Inputs:

Execute ("BOOL™)
sock (*DINT™)

Add[] (FUSINT™)
Command (*STRING™)
Indext ("UINT™)
@Walue ("ANY™)

Outputs:

Done (*BOOL®)
Error (*BOOL")
ErrorlD (*INT™)

Returns an array element in the drive.

Input Parameters

Executeg Data is sent to drive at rising edge of execute bit.
Sockg Socket returnedrom the EoEConnect function
Add[] ¢ Address structure consisting of the drive IP address. Usually created with the

udpAddrMake function.
Commandc/ 2 YY Il YR

g2

ASYRPi2 RNAGSP APPSO W

Index¢ Index of array element required.

Output Parameters

Donec¢ Sending the parameter finishesiccessfully.
Errorc If an Error occurred, this bit will leue

ErrorlD¢ Error Number.
ValuecW b, Q

GdeLs L

N} YSGSNI 6A0K GKS @I f dzS
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1.8 Notification Events

General

The notification events feature allows the user to send a B3Pt message based on a
situation in the system.

The event is based on tiedministrative queuenechanismin the system, and can be sent
as follows:

- Based on the end of a Function Block.
- Based on a condition in the system.

= Move Absolute —e= Move Absolute

A
Dwell
v
SendNotification
v

Set Parameter

The new SendNotification maydlude a condition whether to send a natification or not.
ONLY if the condition is fulfilleplan event will be sent.
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MMC_ InsertNotificationFb

MMC_LIB_API int MMC_lInsertNotificationFb (
IN  MMC_CONNECT_HNDIConn,
IN MMC_AXIS_REF_HNDLhAXxisRef,
IN  MMC_INSNOTIFICATIONFB_IN* pInParam,
OUT MMC_INSNOTIFICATIONFB_OUY pOutParam)

Description

Inserts a notification event to the Administrative queue

Parameters

The input structure is afllows

typedef struct ~ mmc_insnotificationfb_in

int iEventCode ;
unsigned short  usNotifyOnCondition ;
unsigned short  usSourceAxisRefernce ;
int iParameterlD ;
int iParameterindex ;
double dbReferenceValue ;
MC_CONDITIONFB_OPERATION_TYPEOperationType ;
long ISpare [2];
} MMC_INSNOTIFICATIONFB_IN;

iEventCode ¢ Code to be sent to user when FB is triggered.
usNotifyOnCondition T Flag whether to trigger on condition or
not

usSourceAxisRefernce I Source Axis reference

iParameterID I Parameter ID to check.
iParameterindex I Parameter index (if an array).
dbReferenceValue I Threshold to check against.
eOperationType I Type of logical operation

Code Example

MMC_INSNOTIFICATIONFB_IN g_stinParams;

printf("NOTIFY ON CONDITION AXIS 1 ACT POSITION (double) LARGE R THAN 100 \ n");

g_stinParams.dbReferenceValue = 1000;

g_stinParams.eOperationType = MC_CONDITIONFB_OP_HIGHER;
g_stinParams.iEventCode = 33;

g_stinParams.iParameterID = MMC_ACT_POSITION_PARAM;
g_stinParams.iParameterindex = 0;

g_stinParams.usNotifyOnCondi tion =1;

g_stinParams.usSourceAxisRefernce = aRef[1].GetRef();
aRef[0].MoveAbsolute(100000,50000,50000,50000,1000000000,MC_BUFFERED_MODE);
aRef[0].InsertNotificationFb(g_stinParams);

printf(" Send Event #34 when axis finishes motion \n");

g_stinParams .iEventCode = 3 4;

g_stinParams.iParameterlD = MMC_ACT_POSITION_PARAM;
g_stinParams.iParameterindex = 0;

g_stinParams.usNotifyOnCondition = 0;
aRef[0].MoveAbsolute(100000,50000,50000,50000,1000000000,MC_BUFFERED_MODE);
aRef[0].InsertNotificationFb(g_stinParams);
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1.9 Data Recording of Pl Variables

Until today the recordable signals are predefined signals that are listed within the personality
file.

All the signals are signals which exist in GMAS static memory. In oraed @ signal, a new
firmware is needed to be created.

The Pl variables are allocated dynamically at the GMAS startup according to the configuration
file that is downloaded by the EAS, to the GMAS, during the Ethercat configuration process.

The new mechasm enables the user to record every Pl variable according to its direction (Input
or Output) and variable offset.

The result i having the following screen within the EAS, that enables us to perform data
recording:

& Signal Editor | =& | x

Show X Axes Search

| Extended Signals List

Chart £1 = Signals  Analysis

Chart #2

Chart #3 m |||~ e05

Chart #4 General
Paosition

Chart #5 T, ;
Chart #6 Welocity
Profiler

Chart #7
Chart #8 PLCopen
DS3-402
Parameters
Current
4 Input Pl
Pasition actual value
Digital Inputs
Status word
4 Cutput Pl
Target Position
Digital Outputs
Control word
Torque Slope
Position Offset
Quick stop deceleration
+ al6
+ al7

+ alé
=« alf

s
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Setting the Recording Variables
After the host (Either EAS or other host software) obtains the Pl list in the system:

- By using the Ethercat Configuration currently used in the GMAS
- By calling th&etPIVarinfo or the GetPIVarinfolAd?|

The host must configure the signal type. A sliglatndde was inserted in the behaviour of the RV
array:

uiRv [i] indicates the relevant axis ref (two MSBs) and the signal number (two LSBSs). For
example:

uiRv [i] = Ox [00][01][00][03]4 signal 3 of axis with axis ref 1

We changed the usage of th&v array.We used the two upper bits of the LSBs of each cell to
indicate the PI direction. The upper two bits will holel aIRECTION _ENUM

The same change will be performed regardimg (1] which indicates which variable will be the
trigger variable in the sameay.

The upper two bits of the LSBs of each cellRn and inuirp [1] hold the direction of the PI
variable according to the existing numerator changed:

typedef enum  PI_dir
{

ePI_INPUT =0,
ePl_OUTPUT = 1,
ePl_NONE = 3,

} PI_DIRECTION_ENUM

In order to define the variable type it is needed to set in the relevant cell in the array (or in the
trigger identifier) the type of the variable:

- Regular signals will have to hold from now alw&aysvoNEe in the relevant cell.
- Inorder to record @1 inputthe relevant cell will be sefi_iNnPUT .
- Inorderto record #I outputthe relevant cell will be sef1_ouTPuT.

When the two upper bits of the LSBsue# [i] (or uirp [1] ) iS Set to a value that is different than
ePI_NONE the recorder willconsider the lower two bytes afrv [cell] oruirp [1] (trigger variable
number)asPI var offse{not including the direction bits) according to the given direction.
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For example:
uiRv [i] = 0x[00][01][80][03] A PI Output number 3 of axis with axis ref 1

uiRv [i] = 0x[00][01][40][03] A PI Input number 3 of axis with axis ref 1
uiRv [i] = 0x[00][01][00][03] A signal 3 of axis with axis ref 1 (same as in the example above)

The rest of the input variables (paranees, signals bit mask, recorder gap and length) are
determined in the same manner as they are today. The Pl variables size can be acquired from
the master xml or from the MMC_GetPIVarinfo API, this size will be used for display purposes

Since the recordedata is uploaded in 4 bytdsocks it is necessary that when recording a large
Pl variable the EAS will also receive the data in consecutive 4lilgtds

Normally when recording a variable of 64 bits, thest software EA$marks two consecutive
signals for recording. Two bits are set in uiRc and two consecutive signal numbers are set in UiRv.

In order to record a large PI variable it is needed that a bit per 4ldgtkwill be set in uiRC and
the same number of entries in uiRV need to hold shene value (Axis_Ref << 16 | PI var Offset
and direction).

Qurrently we do not support recording of variables larger than 64 bits, therefore two
consecutive entries max should be entered in uiRV.

Non Standard Data Types
BOOL

BOOL variables recording anepported as they are often used in 10 devices. The BOOL
variables are stored in the GMAS RAM according to their offaptto 8 consecutive BOOL
variables are stored in 1 byte. When the user reads a BOOL Pl variable, the Read APl masks
the redundant bis and performs the proper shifting so the user receives an unsigned char
with the value of 0 or 1.

In order tospare this processing in RT a whole byte is transferred to thabkAhe EAS
performs the masking and shifting according to the bit offsetdief the variables for display
purposes.

Bitwise and8 multiple variablesof the size < 64 bits
8_multiple variables are variables of the size 3,5,7 bytes.

Bitwise variables are variables of bit size which is not a whole multiply, @f.8 bits, 9..15
bits, etc. Recording of these variablegre not supported.
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Variables larger than 64 bits

Recording of these types are not supported.

Triggering Pl Variables

& Trigger Editor =8| x
Trigger
High g Source |(MNo Trigger)
Low 0 Delay
=ley
Slope Search
Risin
g Extended Signals List
Falling
General
Into Window Position
Outside Window ;’elﬁitf
rofiler
Greater PLCopen
Smaller DS-402
Parameters
Inside a Window Current
. - 4 Input P
OutdeliWindow Position actual value
Digital Inputs
Status word
4 Output Pl

Target Position
Digital Outputs
Control word
Torgue Slope

o

The user is to enter two values of the trigger level in uiRp[4], uiRp[5]. In uiRp[1] the user
enters the identifier of the trigger variable : AxisRef << 16 | signal number.

A trigger on an ePl 8MULTIPLE or an ePl BITWISHBaisanot supported.

NOTES

0 Using the upper two bits of the LSBs limits the range of Pl variables we can record to
maximum Pl var offset of 16,383 instead of maximum offset of 65,535.

Release NotesMaestro Rev x 1 7 0 ver 2.docx Page93 of 298



¢ |
Elmo

Motion Control

1.10 Bulk Read support for PI variables
General

Since there are no global Pl variables, and there is no possibility to create presets for Pl
variables (there is no predefined name for eaetiable, herefore we cannot use the
existing bulk read mechanism.

There was need to create a new Bulk Read meisharfor Pl variables.
Configuring the Bulk Rea#l

A new API for configuring the Bulk Read Pl was created:

int  MMC_ConfigureBulkReadPI(
MMC_CONNECT_HNDIConn,
MMC_PICONFIGBULKREAD_INpInParam,
MMC_PICONFIGBULKREAD OUpOutParam )

Where, the following structure is thieput Structure to the function:
typedef  struct

PI_BULKREAD_ENTRYpVarsArray[ NC_MAX_Pl_BULK_READ_VARIABLES];
NC_BULKREAD_CONFIG_ENU&Configuration  ;
} MMC_PICONFIGBULKREAD N

The user is to supply an arrayraf BULKREAD_ENTRYin order to read the data later on.

typedef  struct
{

unsigned short usindex ;
unsigned short usAxisRef ;

PI_DIRECTIONS eDirection
} Pl_BULKREAD_ENTRY

The useis tosupply an array of structures as input:

- usIndex- The Pivariable offset

- usAxisRef The axis ref the signal is related to

- eDirectiong Indicateswhether this is an input or an outpueP1_NONMill indicate the last
array entry.

Note:

- Pl variables in the same index but in different axesy be different in size (and even do not
exist in some axes) depends on the network configuration and the user selections in the
configuration stage. Therefore the PI bulk read API will perform validatensssvevery axis to
verify that all the Pl variabdeexist and that the space required for reading all the data is not
largerthan 1400 bytes If any error occurs, the user will be notified.

- All variables up to 64 bits are supported except ePl_8Multiple and ePI_BITWISE

Perfarming Bulk Read

Release NotesMaestro Rev x 1 7 0 ver 2.docx Page94 of 298



¢ |
Elmo

Motion Control

The existingPeformBulkRead()with identical input and outputs structs is used.
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1.11 WaitForCondition now supporting PI

General

The WaitForConditidaxC .
continuing the execution of the rest of therfation block. For instance, A MoveAbsolute Function
block will not start until the position of a different axis in the systewatie

Lt f20a

GKS |

£

A a

j dzS dzS
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Sngle Axis Node #1
ngéhon t—»{ Motion FB —3» Motion FB —» Motion FB —3» Motion FB —3» Motion FB ¥ iccionts) Motion i3 j
Same
Condition
Multi Axis Node #2
Cbngétlon Il Motion FB —3»| Motion FB —»{ Motion FB —J‘Vi MD(:IOH
—> ' ne
Sngle Axis Node #3
‘ Chngénon L 45| Motion FB —| Motion FB —| MmionFBj
Same
Condition Multi Axis Node #4
‘ Onngétlon L 5| Motion FB —3! Motion F8 —! MotionFBj

2 WglAGQ ¥

The modification in this version¢ghe condition to be fulfilled may be on aWiriable. The user
will be able to set a condition not only on a parameter from the parameters list, but also on a PI
input or output variableWait for a Pl Input to be set to 1 before continuing.
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Syntax

MMC_LIB_API int MMC_WaitUntilConditionFBEX(IN MMC _ CONNECT_HNDL hConn,
IN MMC_AXIS_REF_HNDL hAxisRef,
IN MMC_WAITUNTILCONDITIONFBEX_IN* pInParam,
OUT MMC_WAITUNTILCONDITIONFBEX_OUT* pOutParam);

Description

Waits for a condition to be fulfilled before continuing on the administrative motion/admin
queue.

Parameters

The following structure waadded

typedef struct mmc_waituntilconditionfb ex_in
{
double dbReferenceValue;
int iParameterID;
int iParameterindex;
MC_CONDITIONFB_OPERATION_TYPE eOperationType;
unsigned long ulDeadlineTimeus;
unsigned short usSourceAxisReference;
unsigned char ucExecute;
unsigned char ucDirection ;
unsigned char ucSpare[20];
IMMC_WAITUNTILCONDITIONEBIN;

In order to distinct between a condition on a parameter or a condition on a Pl varihigles
ucDirection  field is used It indicates the PI direction, 3 possible valuesi_inpuT ¢ Pl input var,
ePI_OUTPUT, Pl output varepi_NONEC condition on a parameter.

When ePI_INPU&PI_OUTPUT $&tt0 ucbirection we will treatiPar ameterid as a Pl var offset
according ¢ the desired direction

iParameterindex; will be ignored
The other fields were used in the same logic (axis ref, operation type and reference val).
Also, there is a possibility to perform WaitUntilCondiixon variables of type BOOL.

NOTE:Make surethe ucDirection is initialized prior to calling this API.
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1.12 WriteGroupOfParameters - now supporting PI
General

The WriteGoupOfParametdEsAPI now supports the Pl interfackhis is supported in the
QueuedandImmediatemodes.

Enhancement

A new AP} WriteGoupOfParameteEsxAPI wasadded This identical to the
WriteGoupOfParameters APbut now also supports writing to PI.

0 Regulaparameterswill have to hold from now alway®i_NoNE in the relevant entry
unsigned short  usDir .
o0 In order to queue write an output the relevant cell will be setouTruT.

= Move Absolute —e= Move Absolute

'

Dwell

Dwell
Y

WriteGroup..Ex
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Syntax
MMC_LIB_API int MMC_WriteGroupOfParametersEX(
IN MMC_CONNECT_HNDL hConn,
IN MMC_AXIS_REF_HNDL hAxisRef,
IN MMC_WRITEGROUPOFPARAMETERSEX_IN* plnParam,
OUT MMC RMEGROUPOFPARAMETERSEX_OUT* pOutParam);

Description
Enables the user to write a group of parameters to the administrative queue

Parameters
The input structure is afollows

typedef struct mmc_writegroupofparametersex_in

MMC_WRITEGROUPOFPARAMETERSMEMBEREX
sParameters{GROUP_OF PARAMETERS_MAXIMUM_SIZE];
MC_EXECUTION_MODE eExecutionMode;
unsigned char ucNumberOfParameters;
unsigned char ucMode;
unsigned char ucExecute;

} MMC_WRITEGROUPOFPARAMETERSEX_IN;

Where:

typedef s truct mmc_writegroupofparametersmemberex

double dbValue;

MMC_PARAMETER_LIST_ENUM eParameterNumber;

int iParameterindex;

unsigned short usAxisRef;

unsigned short usPIVarOffset;

unsigned char  ucPiDirection ;

unsigned char pPadding[3];
IMMC_WRITEGROUPOFPARAMETERSMEMBEREX;

The usage is the same as th@eGroupofParameters  API. ThecPibirecton  is to be modified
to ePI_OUTPUT in case the user wishes to write to a Pl output on the administrative queue.

Release NotesMaestro Rev x 1 7 0 ver 2.docx Page99 of 298



¢ |
Elmo

Motion Control

1.13 Acquiring the number of Pl vari ables
New parameters were added in order to return the number of INPUT and OUTPUT PI variables, per
axis.

See:

PI_INPUTS
- PI_OUTPUTS

In the parameters explorer.

PI_INPUTS_NUM
PI_OUTPUTS_NUM 4

Frofiler
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1.14 GetPI By User Alias
General

Currently the GetPIVarinfo API requires a Pl variable offset as an input in order to return a PI
var entry structure. We added the functionality in order to use the variable alias as a key.

- This meansg the user no longer needs ¥/ NB Y S ¥hé SfdeD
- Adding / modifying the Ethercat configuration may change the offdait not the

Currently we do not limit the user in the Alias selection. The user may choose an identical
name for two Pl variables. In addition we need to match between GMAS lingisedirces to
the user need of understandable alias field:

- Alias string
o (I for inputs or O for outputs)bjectNum.Subindex formgsame as in the previous
PI document)No ability to change. In future, may modify.
- Display Name
0 A new parameter which is toebadded to the XML file, and to the relevant EAS
windows.
0 This parameter is not limited in size. It is downloaded as part of the cfg.xml file, but
is not parsed by the GMAS.
0 EAS must check for duplicates and change according to logic above. At scan time,
and at download time
0 This is the parameter that is to be used by the EAS windows. NOT the ALIAS.

For example:

<glave ID="0">

ias="10x6064.0" VarType="5" Bitsi
s="10x60FD.0" VarType="5"
<Variable 2lias="10x6041.0" VarType="4" Bit.

32" BitOffs="0" Index="24676" Sul
32" BitOffs="32" Index="24829" Su set="1" DisplayN xiliary Actual Position"/>
e="16" BitOffs="64" Index="24641" Su

in Actual Position"/>

"0" VarOffset="2" DisplayNa '‘Machine feadback Actual Position sensor pressurs"/>

</Inputs>
</alave>

New API

The API Input structure:

typedef struct ~mmc_getpivarinfobyalias_in

{
char pAliasing[PI_ALIASING_LENGTH];
} MMC_GETPIVARINFOBYALIASI;
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The user only needs to providee variable alias.

typedef struct mmc_getpivarinfobyalias_out

NC_PI_INFO_BY_ALIASVarinfo;
unsigned short usStatus;
short  usErrorlD;

} MMC_GETPIVARINFOBYALIAS_OUT;

The user receives an output structure simitathe Mmc_GETPIVARINFO_cstructure.

The APis axis related:

MMC_GetPIVarInfoByAlias(
MMC_CONNECT_HNDL hConn,
MMC_AXIS_REF_HNDL hAxisRef,
MMC_GETPIVARINFOBYALIAS_IN *pIlnParam,
MMC_GETPIVARINFOBYALIAS_OUT *pOutParam)

TheNc_PIINFO BY_ALIAS Struct:
typedef struct piinfobyalias
{

unsigned int uiBitSize;

unsigned int uiBitOffset;

unsigned short usCanOpenlindex;

unsigned short usPIVarOffset;

unsigned char ucCanOpenSubindex;

unsigned char ucVarType;
}NC_PI_INFO_BY_ALIAS;

APIExample
[ SGUa areée GKS dzaSNI KFa Fy 2dzillzi OFNARIFIofE S

MMC_GETPIVARINFOBYALIAS_IN Getln;
MMC_GETPIVARINFOBYALIAS_OUT GetOut;
MMC_WRITEPIVARSHORT_IN Writeln;
MMC_WRITEPIVARSHORT_OUT WriteOut;

strcpy(Getln.pAliasing, "CW);
Getln.ucDirection = ePl_OUTPUT;

/[ acquire the PI var offset by the alias field
MMC_GetPIVarinfoByAlias(uiConnHndl, usAxisRef, &Getln, &GetOut);

Writeln.usIndex = GetOut.Varinfo.usPIVarOffset;
Writeln.sData = 6;

/I write the data to the desired variab le
MMC_WritePIVarShort(uiConnHndl,usAxisRef,&Writeln,&WriteOut);
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1.15 Receiving Multiple PI Variables

General

Until now, we only had an interface for receiving one PI variable info. On user program startup
(or EAS) the user may want to upload large nundid?| variables info (or the entire PI
inputs\outputs of a slave).

New API

A new API| was defined:

MMC_LIB_APIint MMC_GetPIVarsRangelnfo(
IN MMC_CONNECT_HNDL hConn,
IN MMC_AXIS_REF_HNDL hAxisRef,
IN MMC_GETPIVARSRANGEINFO_IN* pInParam,
OUT MMC_GEINVARSRANGEINFO_OUT* pOutParam);

The user will supply the following input struct:

typedef struct mmc_getvarsrangeinfo_in

{
unsigned short usFirstindex;
unsigned short usLastindex;
unsigned char ucDirection;

} MMC_GETPIVARSRANGEINFO_IN;

And willreceive an output struct with the info structs of inpubsitputs on the
usFirstindex  to usLastindex Pl var offset according to the desirecbirection.

The output struct:

typedef struct ~mmc_getvarsrangeinfo_out

{
NC_PI_ENTRY Varinfo[MAX_PI_VARIABLES_NUM
unsigned short usStatus;
short usErrorlD;

} MMC_GETPIVARSRANGEINFO_OUT;

The user will be able to receive total ®fAX_PI_VARIABLES _NUMS5O0 Pl variables structs
each Pl variable struct:

typedef struct pientry
{
unsigned int uiBitSize;
unsigned int uiBitOffset;
unsigned short usCanOpenindex;
unsigned char ucCanOpenSublindex;
unsigned char ucVarType;
char pAliasing[PI_ALIASING_LENGTH];
} NC_PI_ENTRY;

This struct occupies 28 data bytes. 50 of these structures will occupy 1400 bytes which is the
maximal packet size with the addition of the status and error fields.
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APl Example

In order to upload the entire inputs of a specific slave (no error checking):

MMC_READBOOLPARAMETER_IN stinParam;
MMC_READBOOLPARAMETER_OUT stOutParam;
MMC_GETPIVARSRANGEINFO_IN Getln;
MMC_GETPIVARSRANGEINFO_OUT GetOut;

stinParam.eParameterNumber = MMC_PI_NUM_OF_INPUTS_PARAM,;
stinParam.ucEnable = 1;

/I use the proper parameter to acquire the number of inputs (assume less than
the maximum)
MMC_ReadBo#larameter(uiConnHndl, usAxisRef, &stinParam, &stOutParam));

Getin.usLastindex = stOutParam.IValue;
Getlin.usFirstindex = 0;
Getln.ucDirection = ePI_INPUT;

/I get the entire inputs info
MMC_GetPIVarsRangelnfo(uiConnHndl, usAxisRef, &Getin, &GetOut));

GetQut[0] contains the first Pl inputs data and the nertastindex -1 cells contain the
remaining Pl variables data.

If the slave has more than 50 inputs the user may perform several iterations of this
operation.
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1.16 G-MASPersonality now includes additional information
The data recording section in the GMAS personality now includes 2 extra changes:

- Whether the parameter is an extended parametdo be viewed in the EAS after setting the
checkbox; Extended Signals Ligthese parameters are for the more adeead users.
- A description of the signal. More for the EAS user to display.
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Release NotesNew Firmware Version for GMAS

Version 1.1.3.0 and Library Update 252

2. General
¢ K 8lma@ge v1.13.0.B10 204 528gmsg A& | ySg FTANNSGI NBE NBfSI &S
Motion Controller, which supports the following new major features:

User Units support
Modulus support
Offset Support
64 bit counters support
MoveTorqueAPI.
Administrative Function Block Support
o0 ChangeOperationMode.
7. Access to the GMAS Ethercat Prodesage
8. Access to the fast reference object in the drive. Support for several working modes.
9. Enhanced Home On Block support
10. Kill Repetitive Support
11. Modbus Client library.
12. User Parameters XML file write support
13. Ability to Start / Stop User applications rungion the GMAS.
14. FULL IEC library
15. Group Stop / Stop modification

ogahrwnNE
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2.9 User Units Support in the GMAS
Until now, the GMAS did not support User Units. Meargige user gave the motion parameters
and received the axis positions in the axis units.

In order to work in degrees, or inchesthe user had to calculate the ratio into counts, and then
perform the motion. Now it is all performed automatically. The drive remains to work in cognts
but when working via the GMAShe GMAS converts everything to usetritsn

User Units Counts

GMAS

I Forward
Flow - RT

Forward
Profiler Drive

Flaw
User Space Backward
) K Flow —
. =
I‘k ‘

[ Motar
4

L

/

= A

There are 2 different user units the user must set:

- Position UU (User unitg)For the Position variables.
- Velocity UU(User Unitg)For the Velocity, AC/DC, Jerk variables.

An axis can work in different units for position and velogifgr exampleg the axispositionis
defined in degrees, and the speed in RPM

Puis_Theta Position Profiler Outpot

Degrees

-z4000— | i i '
0.39307 1 1.5 1.6355
Time(sec)

Axiz_Thots Velocity Profiler Outpat
281267 —

| 200000 —

RPM

100000 —

0.39307 1 15 1.6355

896000 —

After user units were sef everything is now in user units:

- Motion commands.
- Position readings.
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- Error correction

- Limit management
- Modulo

- Set Position

- Axis Link

- Tracking Ermo

User units is supported in all motion modes:
Single Axis:
NC
NONNC
Multi Axis:
ACS
MCS
Special Kinematics
Interface

Via the parameters mechanism

MMC_USER_UNITS_POSIT#®M¢ define the position user units ratio.

MMC_USER_UNITS_VELOGI®5¢ define the velocity user units ratio
(VellAC/DC/Jerk).

0 The ratio is a double precision floating point variable.
0 The ratio can be a positive number only.
0 The ratio must be greater than 1
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Data Recording
Thefollowing data ecording variables were added:

- Actual position UU

- Actual double position CNT
- Target position UU

- Target double position CNT
- Actual HW position UU

- Actual velocity UU

- Target velocity UU

- Target double velocity CNT
- Desired double ACDC CNT
- Target position UU (tal)

For example:

User Units counts

Chartl alll_Target posiion UL 201 Achusl position UL EJ charz 201 Position Command [(6074) 01 Actial Position ((xE5064) B8
A3~ 1 HE+D8~
4000 =

e 1E=08 -
80000
60000

1850~ 40000

20000

-, 1 (] [} (] (] 1 ‘zccca_l 1 (] L] (] (] i
o i 2 3 Ll ] 6,001 o i 2 3 Ll ] &.001
T ool e |
. v
¥ 4
Chari3 201 Target velocity UU B charidt 201 Velosity Command (CP-0xB08 TCV-G0FF) [ ]
14— 1 AE+DB—~
10 1E-08 =
i + + § - + 50000~
-] o
&= 1 i 1 40000 =
10 - + i i i T AE+DE—
=14 = i i 1 [ 1 ] -1AE+DE -,

| I | | | 1
1 2 E 4 B S0 o 1 2 3 4 B S0

1.9 Modulus Support
In order to support an endless motion and in order to support the CANopen RADO (Rotation Axis
Direction option) we introduce the Modulus capability in the GMAS.
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General Characteristicef the Modulus capability

Worksin the User Units of the axis.

Supported for rotational axis only.

- Endless motion of a rotation axis.

- Position Display is within thmodulo range.

- Support for asymmetric range.

- Support for all RADO typéBositive, Negative, Shortest, Current Direction).
- Modulo axiscannot haveSW limits.

- Canchangethdaa/ Yahb5 ]| [ onlylnDikapléd state.

- Can change the low and high range in any PLC state.

- InShortest Waynode - When the path is the same length in both directions, the axis will
move in the negativeidection

- ONLY user unit variables are modulated (For instance the Actual Position is not modulated.
Only the Actual Position UU is modulated).

Definition Interface

The nterface for defining a modulus axis is via the standard parameters mechanism:
- MMC_MODJLO_AXIS = @9Flag whether the axis &rotational axisor not.
- MMC_MODULO_LOW = 10Defines the low modulo value.
- MMC_MODULO_HIGH = 10Defines the high modulo value.

- MMC_ACTUAL_CYCLE =q08unts the number of modulo cycles on axis (actual
position).

- MMC_TARGET_CYCLE =X0©8unts the number of modulo cycles on axis (target
position).

Motion Interface
Every Function blodkas a Direction (or RADO) input:

- Positive.
- Negative.
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- Shortest way.
- Current direction

4 Misc
Name Move Absolute
Axis Name a01
Buffer Mode MC BUFFERED MODE

Pasition MC_NONE_DIRECTION
- MC_POSITIVE_DIRECTION

Velocity MC_SHORTEST_WAY

e T MC_NEGATIVE_DIRECTION

: MC_CURRENT_DIRECTION

Deceleration

Jerk

Execute

Data Recording
Thefollowing recordingvariables were added:

- Target modulated Position UU

- Actual Position UU (Is already modulated)

Chart1 aD1.Target position UU a0l Actual HW position UL

4392
4000 =

3000~

Non-modulated
Position
(user units)

1000~

L i . i : I i
o

430,81~

30— —— L

Chart2 a01.Target modulated position UU a1 Actual position UL

Modulated
Position =
(user units) b !
o I
70 m—, i H | i
0s 15 2
Chart3 a01,Position Command ((x6074) a01 Actual Position ((:x5064)
1.228+05—
s -l L __ 11
Position
(Counts) 50000~

1.10 Position Offset Support
¢tKS Wwh¥FasSaoQ

ddzLJLI2 NI Ay

GKS Da! {

2000 —————— koL L L Ll NG

Elmo

Motion Control

| [
5 55 £.001

<

'
5 55 6.001

Ftt20a

iKS

changing the position in the physicaiwk. An offset is held, and is taken into account when motion

commands are sent or when position reads are requested.

General Characteristicef the Modulus capability

- Allowed Only in nommoving state.
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- Allinputs are in User Units
- There are two modes:

0 Absolute mode.

0 Relative mode

Interfaces

- MMC_TARGET_POS_UU =z 8&ts the target position.
- MMC_ACTUAL_POS_UU = 88ts the actual position.
NOTE:; The new position can be set only in one of the following states:
o Disabled
o StandStill + FB queue is empty

API
- MMC_SetPositioq for one single axis
- MMC_GroupSetPositionfor group of axes

After stting the position 5 x times once axis stopped, a recording will look as follows:

Chart1 al1.Target position UU 201 Actual HW position UL a01 Position Profiler Output m
324 02—
o 7 Y Target
X ; ' T Position
e ; ; ' i f e (user units)

Time (sec)

Chart2 a0, Target modulated position UU 201 Actual position UU
324.02~ Actual

m___/_l/l_/_L/—l/— Position

240035 | [ I | 1 | (l.lser l.II"Ii‘tS)

[
0.85754 2 3 4 5 [ 65827
Time (sec)

£

Chart3 a0l Position Command ((:x607A) a01 Actual Position ((6064) B

45659=

_”_’_/_/____,——/— Position
(counts)

The Position Command to the drive (0x607A) and the Actual Position (0x6064f) cltange, as
they remain in drive units !
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1.11 64 bit counters support

The GMAS until now did not suppgsition commands that were larger than--82bit ¢ whatever
the mode (NC or distributed). Althoughe DS402 communication protdas limited by 32bit
variables, the drive works in an incremental manner and can handle 32bit position rollovers.

The GMAS supports special counters for the 32bit rollovers, and now handles positions in an

incremental manner:

HWF.
a,.fapmm dhctual
(026064 = PosCnt

vActual
Prewv Pos

dactual
Prev Pos

If we were to look at the recording below, we cr2 1 A OS (G KIF G GKS
32 bits:

Chartl a01.Target position UU 201 Actual HW position UU B

1131781 ——— e g e e e 3t s e e
1E+11~ ;

8E+10~-—
SE+10~
4E+10—
2E+10~

0

188618410 | i ' ' ' | ' ' | | '
] 10 20 30 40 50 60 70 80 50 100

Time (sec!
v
Chart2 a01.Target modulated position UU  a01 Actual position UU B
11317411~
1Ee11=
BE+10~
GE+10+
4E«10~ t 3k

| \ '
0 10 20 30 40 50 60 70 82 90 100
Time (sec)
v
M
Chart3 a01.Position Command (0x607A) a01 Actual Posstion (0x6064) m
3.0065E+08—
(232—-1) | 2Ee09-

1E«03~
0
1ES08~

=3.0064E+09-, | | i 1 | ' | | | '
o 10 20 30 40 50 60 70 80 30 100

1.12 MoveTorque Function Block
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As defined in the DS402 protocol and in PLCOpen standard there are two motion types:

1 NC- Distributed¢ where the master calculates the motion profile and downlotus
requested values every cycle.

1 NonDistributed¢ where each device receives the target point and builds the profile by
itself.

When the GMAS works ilNCmode we activate a very complex profiler. The profiler builds a
third order scurve profile thatuses high degree of calculations and obtains very smooth
motions.

SCurve profile is a trajectory where the Jerk parameter is a finite value; it means that the
Acceleration and deceleration are changed by a given slope.

‘1c: Velocity profile 1a: Jerk profile
150 ; ' ' 0.02 ! ! ' ! !
© 100f “ : ;
8 B0f - g [+ PR : P e
2 Ol e _g_ | :]
_50 H H H H ; ~0.02 ; ; ; i i
100 200 300 400 500 600 0 100 200 300 400 500 600
time time
6 10 1d: Position profile 1b: Acceleration profile
T T T T ‘ 2 . . . .
] ™ /
3 L 2 |
a - :- g U .............................................
. =3
: [=9
. -2 : : : : :
0 100 200 300 400 500 600 0 100 200 300 400 500 600

time

When the GMAS works in Cyclic fique mode the user want to build a simple torque profile
that will besufficientto achieve the requested performance.

The simple profile is a trapezoid second order trajectory. In simple profile the jerk value is
infinite and the ACDC is changed immed&y to MAXMIN value.

The simple profiler is more efficient than thegrve profiler but has the following
disadvantages:

1 Lack of smoothness because the BC is not continuous.
1 Each motion shouldnd atzero velocityg no blendingof motions.

In order b get the best performance and usability, we provide the user a new FB MoveTorqgue that
performs the following

1 Uses a nevdimpleProfiler

1 Worksin Current Unitg; User gives the profile values in Mamps , Mamps/sec and
Maps/sec”2.

1 CanCreate a Buffered segace that contains combination of Cyclic Position movement
and Cyclic Torque profile
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Motion FB

Motion FB

Change Op

» Mode A
Torque

Torque
Profile

Change Op
Mode A
Position

—» Motion B
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General Characteristicé Restrictionsof the Cyclic Torque MoveTorque Function Block

1.

arwDN

o

10.

11.

12.
13.
14.
15.
16.
17.
18.

19.

When the axissin Cyclic torque mode, only Moverfipe can build profilesll other motion
FB's will be blocked.
When the axis is not in Cyclic torque mode MoveTorques BBcked.
MoveTorque FB can be inserted only when the axis is not in Error and not in Disabled state.
MoveTorque FB can be insertedly when the axis is not part of an active group.
MoveTorque FB is supported in two buffered modes:

a. Buffered

b. Abortion
In Buffered mode; every motion is finished with velocity = 0
In Abortion mode; the current motion is terminated immediately (even whire torque
derivative is not 0) and the axierformsthe new torque value as fast as possible
The user set the target torque in [mA] units.
The torque range limited by 16bits variable (0X6071).
The ratio between Rated current and UU is set automaticglithb GMAS using the
(Ocx6075) object.
In order to define a torque profile the FB recesvke following parameters:

a. Target torquec positive or negative value.

b. First derivative of torque change (velocity of torque charnggdsitive value.

c. Second derivate of torque change (acceleration of torque changepsitive value.
All kinematic inputs will be in same UU.
When the axiseceivesa stop command, the profiler will move to torque "0" value.
When the axiseceivea halt command, the profiler will move torque "0" value.
When the axis entexthe error state the torque value will be immediately set to "0" value.
The SW torque limis checked when inseiriga new FB.
When changingo torque mode using old API "ChangeMotionModghe start value is "0"
Whenchangingo torque mode using new API "ChangeOpModef®it start value is
defined by the user.
The ACDQ ConstVel bitsit the axis levebre handled asfiit were performed in Position
profiler.
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API

The function declaration is:

I T T
/Il \fnint MMC_MoveTorqueFB(

i IN MMC_CONNECT_HNDL hConn,

I IN MMC_AXIS_REF_HNDL hAxisRef,

I IN MMC_MOVETORQUEFB_IN* pInParam,
I OUT MMC_MOVETORQUEFB_gRIfParam)

/Il \ brief This function send Move torque command to MMC server for specific Axis.
/Il \'param hConn - [IN] Connection handle
/Il \ param hAxisRef - [IN] Axis Reference handle

/Il \ param pInParam - [IN] Pointer to Move Torque input parameters

/Il \ param pOutParam - [OUT] Pointer to Move Torque output parameters
/Il \return return - O if success

1 error_id in case of error

i
MMC_LIB_APIlint MMC_MoveTorqueFB(

IN MMC_CONNECT_HNDL hConn,

IN MMC_AXIS_REF_HNDL hAxisRef,

IN MMC_MOVETORQUEFB_IN* pInParam,

OUT MMC_MOVETORQUEFB_OUT* pOutParam);

This is the definition of input and output structure:

I L T M
/Il \ struct MMC_MOVETORQUE_IN

/Il \ brief Move Torque Command input data structure.

1

/Il (See : "Technical Specification

" PLCopen - Technical Committee 2 Z Task Force

1 Function blocks for motion control")
I T

typedef struct

{
double dbTargetTorque; /lI< Desired Target Torque value
double dbTargetVelocity; /llI< Maximum Target velocity value
double dbTargetAcceleration; /ll< Max imum Target acceleration value
MC_BUFFERED_MODE_ENUM eBufferModé&{< MC_BufferMode
unsigned char ucExecute; /lI< Execution bit

} MMC_MOVETORQUE_IN;

T T T L |

/Il \ struct MMC_MOVETBQUE_OUT

/Il \ brief Move Torque Command output data structure.
T T |
typedef struct

{
unsigned int uiHndl; /l1< Returned function block handle.
unsigned short usStatus; /lI< Retu rned command status.
short usErrorlD; /lI< Returned command error ID.

} MMC_MOVETORQUE_OUT;

The MoveTorque FB is implemented in the CMMCSingleAxis class.
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void MoveTorque(double dbTargetTorque,
MC_BUFFERED_MODE_ENUM eBufferMode = MC_BUFFERED_MODE)
throw (CMMCException);

void MoveTorque(double dbTargetTorque,
double dbTorgeVelocity,
MC_BUFFERED_MODE_ENUM eBufferMode = MC_BUFFERED_MODE)
throw (CMMCException);

void MoveTorque(double dbTargetTorque,
double dbTorgeVelocity,
double dbTorqueAccelera tion,
MC_BUFFERED_MODE_ENUM eBufferMode = MC_BUFFERED_MODE)
throw (CMMCException);

Parameters

1 Maximum torquec mA (symmetric variable)
1 Maximum torque velocity
1 Maximum torgue acceleration

These parameters can be accessed using the regular parannedetsanism.
Data Recording

Target torque "0x6071" (short variable in rated current).
Target torque (double variable in UU).

Target torque velocity (double variable in UU).

Target torque acceleration (double variable in UU)

=A =4 =4 =
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1.13 New ChangeOperationMode
Until this version, the operation mode (0x6060 object) was sent via the SDO mechanism. In time
crucial applications this caused problems. SDOs are sent as mp#io&rtsover the Ethercat
network. It takes at least 2 mailbox cycles to receive a replytcmention the GMAS overhead of
updating variables between cycles.

I yS¢ W/ Q !'tL ¢6Fa&a AYGNRRdAdzZOSR Ay GKAA OSNERAZ2YY
MMC_ChangeOpModeBx(

This operational mode change occurs in the GMAS Realtime, and not in the background. The
mechanism the operational mode changed is different, as the 6060 must be a mapped variable,
and is sent part of the Process Data.

The user can define a motion sequence and push all of the motion function blocks into a queue, such
as:

/ Change Op Torque Change Op
Motion FB » Motion FB » ModeA —» Pron‘iIe » Mode A Motion FB
\\ Torque Position

The operational modé automatically changed to Cyclic Torque after the end of motion. The Torque
profile starts immediately at the end of the Change Operational Mode. The mode is changed back to
Cyclic Position as soon as the torque profile ends.

CAPI
TheAPI for the MMC_ltangeOpModeEX is as follows:

int MMC_ChangeOpModeEx(
IN MMC_CONNECT_HNDL hConn,
IN MMC_AXIS_REF_HNDL hAxisRef,
IN MMC_CHANGEOPMODE_EX_IN* pInParam,
OUT MMC_CHANGEOPMODE_EX_@iifParam)

Release NotesMaestro Rev x 1 7 0 ver 2.docx Pagel190f 298



¢ |
Elmo

Motion Control

The Input structure:

typedef struct

{
doubledblnitModeValue;
MC_EXECUTION_MODE eExecutionMode;
unsigned char ucMotionMode;

unsigned char ucSpare[19];

IMMC_CHANGEOPMODE_EX _IN;

Where:

double dbInitModeValueg is the initial value of a specific parameter in the mode. Currently,
states the initiatorque command when the user chose to move to Cyclic Torque.

MC_EXECUTION_MODE eExecutionMe&&her eMMC_EXECUTION_MODE_IMMEDIATE
or

eMMC_EXECUTION_MODE_QUEUED . If the user chose the immediate option, this
can be done when the axis is not in moti@md the value is sent as an SDO (same as
previous function). If the queued option was choggihe data is sent as process data over
the Ethercat network. Please note: For this option, the user must have mapped the 0x6060
variable.

unsigned char ucMotioMode ¢ The desiredperational modeto move to.
C++ API

void CMMCSingleAxis::SetOpMode(OPM402 eMode, MC_EXECUTION_MODE eExecutionMode,
double dbiInitModeValue) throw (CMMCEXxception)

This is an overloaded function. Calling the currently suppoBetDpModé) function will always call
the previous API.

Restrictions

- Cannotbe called when in Error State

- Not supported for Interpolated position motion mode when using Ethercat,

- All Cyclic motion modes (Position, Velocity, Torque) are supported éndationly.

- Profile Velocity, Profile Position, Homing moddsot supported for virtual axes.

- Profile Torque mode is not yet supported,

- Axismustnot be part ofanenabled Group.

- Operational mode cannot change when the axis is in pending state

- When movingo Torque mode; the desired torque cannot be larger than the maximum
desired torque

- Cannot change operational mode when the axis is in the middle of a previous operational
mode change,

- Queued mode is supported in Ethercat only.

- All variables were properlmapped using the Ethercat configuration tool.
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1.14 Access to the GMAS Process Image Pl
bSg !'tLQa 6SNB AYINRRdAdzZOSR Ay GKA&a OGSNRERAZ2Y Ay 2NF
and change the data. This does not apply of course to variablesvératmapped and are used by
the GMAS (Such as Target Position), but moré“tpaBty 10 vendors, or additional drive parameters
that are used (Such as the Fast Reference Parameter in the drive).

When configuring the network, you are to notice 2 importantumnswithin the process Image
Folder:

Master  Quick Setlings ~ Process Image | Cyclic  Disftributed Clocks

Name Type Bit Size Pl Offset Value
= Input variables { size 30byles, length 30bytes) |

al1 Inputs.Position actual value DINT 32 0 0 0 10x6064.0
al1.Inputs. Digital Inputs DINT 32 32 0 1 10x60FD.0
al1.Inputs.Status word UINT 16 64 1] 2 10x6041.0
aD2.Inputs. Position actual value DINT 32 30 0 0 10:6064.0
al2.Inputs.Digital Inputs DINT 32 112 0 1 10x60FD.0
al2 Inputs.Status word UINT 16 144 0 2 10x6041.0
al3.Inputs. Position actual value DINT 32 160 0 0 10x6064.0
a03.Inputs. Digital Inputs DINT 32 192 1] 1 10x60FD.0
aD3.Inputs.Status word UINT 16 224 0 2 10:6041.0
= Output variables ( size 30bytes, length 30bytes)
al1 Outputs Target Position DINT 32 0 1] 0 O0x607AD
al1.Outputs.Digital Outputs DINT 32 32 0 1 O0x60FE. 1
a01.Cutputs.Control word UINT 16 64 1] 2 O0x6040.0
aD2.Outputs.Target Position DINT 32 30 0 0 00x607A.0
aD2.Outputs.Digital Outputs DINT 32 112 0 1 O0x60FE.1
al2 Outputs Control word UINT 16 144 0 2 00x6040.0
a03.Outputs.Target Position DINT 32 160 0 0 O0x607A.D
a03.Cutputs.Digital Ouiputs DINT 32 192 1] 1 O0=60FE. 1
aD3.0utputs.Control word UINT 16 224 0 2 00x6040.0

- Aliasc The name of the variable being used.
- Var Offset; the Index of the variable being used

After adding a parameter via the FMMU page, the list of parameters will be updated accordingly.
Theuserist! NEYSYO SN GKS AYyRSE «k Icéndl dadinow atéessit fkodh (i & LIS
the user program.

There are mandatory parameters that must be mapped when working with a DS402 device:

A Control word 0x6040_0

A Status word 0x6041_0

A Target position 0x6074 _

A Position actual value 0x6064
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The following APIs were added in order to support this feature:

MMC_GetPIVarinfo

Read

MMC_ReadPIVarBOOL
MMC_ReadPIVarChar
MMC_ReadPIVarUChar
MMC_ReadPIVarShort
MMC_ReadPIVarUShort
MMC_ReadPIVarint
MMC_ReadPIVarUint
MMC_ReadPIVarFloat
MMC_ReadPIVarRaw
MMC_ReadPIVarLonglLong
MMC_ReadPIVarULonglLong
MMC_ReadPIVarDouble

MMC_ReadLargePIVarRaw

MMC_WritePIVarBOOL
MMC_WritePIVarChar
MMC WritePIVarUChar
MMC WritePIVarShort
MMC_ReadPIVarUShort
MMC _WritePIVarint
MMC WritePIVarUInt
MMC WritePIVarFloat

MMC WritePIVarRaw
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= MMC _WritePIVarLongLong
= MMC _WritePIVarULonglLong
= MMC _WritePIVarDouble

= MMC WriteLargePIVarRaw

¢ |
Elmo

Motion Control

C++ API

void EthercatWritePIVar (unsigned short usindex, unsigned char ucBytelLength, unsigned  char
pRawData[PI_REG_VAR_SIZE]) throw ( CMMCException);

void EthercatWritePIVar (unsigned short usindex, unsigned short usByteLength, unsigned
char pRawData[PI_LARGE_VAR_SIZE]) throw ( CMMCException );

void EthercatWritePIVar (unsigned short usindex, bool bData) throw (CMMCException);

void EthercatWritePIVar (unsigned short  usindex, signed char cData) throw (CMMCException);
void EthercatWritePIVar (unsigned short usindex, unsigned char ucData) throw (CMMCException);
void EthercatWritePIVar (unsigned short usindex, unsigned short usData) throw (CMMCException);
void EthercatWritePIVar (unsigned short usindex, short sData) throw (CMMCException );

void EthercatWritePIVar (unsigned short usindex, unsigned int wuiData) throw ( CMMCException);
void EthercatWritePIVar (unsigned short usindex, int iData) throw ( CMMCException);

void EthercatWritePIVar (unsigned short usindex, float fData) throw ( CMMCException);

void EthercatWritePIVar (unsigned short usindex, double dbData) throw (CMMCException);

void EthercatWritePIVar (unsigned short usindex, unsigned long long ullData) throw

void EthercatReadMemoryRange (unsigned short usRegAddr, unsigned char ucLength, unsigned
char pData[ETHERCAT_MEMORY_READ_MAX_SIZE])throw ( CMMCException );

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, unsigned  char
ucByteLength, unsigned char pRawData[PI_REG_VAR_SIZE]) throw ( CMMCException );

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, unsigned  short
usByteLength, unsigned char pRawData[PI_LARGE_VA R_SIZE]) throw ( CMMCException);

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, bool &bData) throw
( CMMCException );

void EthercatReadPIVar  (unsigned short usindex, unsigned char ucDirection, signed char &cData)
throw ( CMMCException );

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, unsigned  char
&ucData) throw ( CMMCException);

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, unsigned  short
&usData) throw ( CMMCException );

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, short &sData) throw
( CMMCException );

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, unsigned int
&uiData) throw ( CMMCException );

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, int &iData) throw
( CMMCException );

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, float  &fData) throw
( CMMCEXxception );

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, double &dbData)
throw ( CMMCException );

void EthercatReadPIVar (unsigned short usindex, unsigned char ucDirection, unsigned long long
&ullData) throw ( CMMCException );

void EthercatReadPIVar  (unsigned short usindex, wunsigned char ucDirection, long long &llData)
void EthercatPIVarinfo (unsigned short usPIVarindex, unsigned char ucDirection, NC_PI_ENTRY

&Varinfo)  throw ( CMMCException );

Release NotesMaestro Rev x 1 7 0 ver 2.docx

Pagel23of 298



¢ |
Elmo

Motion Control

Example

First you need to know the variable offset from the EtherCAT configuration after adding the object:

Variables

Name Index Type Eit Size Bit Ofiset Var Offset Alias
= Input
= 0x1A00
Position actual value 0x6064.0 DINT 32 0 0 10x6064.0
Digital Inputs 0x60FD.0 DINT 32 32 1 10x60FD.0
Status word 0x6041.0 UINT 16 64 2 10x6041.0
0x1A22 Elmo Status Reg 0x1002.0 UDINT 32 80 3 * 10x1002.0
= Output

So in our example it is 3.

The input of theEthercatReadPIVar  are : var offset , direction (is it input or output), variable
that will hold the reading result

unsigned short ilndex = 3; /I -- A the var offset
unsigned int iValue; /- A will hold the value we are reading
aRef. EthercatReadPIVar (ilndex, ePI_INPUT ,iValue); -A ePL_INPUT meaning

this is an input variable.
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1.15 Access to Drive Fast Reference 0x2005 variable
After configuring to work with the drive Fast Reference variablehdd=MMU page within the
GMAS configuration toa] you will see the following:

Qutputs (0x1100, 32, 0x64000100 ) = Input
+ [¥] 0x1600
0x1A00
+ []0x1601 (excluded) = -
+ [ 0x1602 (excluded) Position actual value 0xG064.0
+ [[10x1603 {excluded) Digital Inputs 0x60FD.0
+ gX: ggg EGXC:Ugeg{ Status word 0x6041.0
+ X excluge:
+ []0x1606 (excluded) = (e
+ [l 0x1607 = 01600
+ || 0x1608 Target Position 0x607A.0
gﬂggg ﬁogmlf\'mrd ( QXGMUD'EU'G%IETSET] . Digital Outputs 0XB0FE.1
X ode of operation ( 0x6060.0, 8) Control word 0x6040.0

0x160C Target Torque ( 0x6071.0, INT , 16 )
0x160D Max. Torque { 0x6072.0 , UINT , 16 } 0x1621 Fast Reference 0x2005.0
0x160E Max. Current ( 0x6073.0, UINT , 16}
0x160F Target Position { 0x607A.0 , DINT , 32)
0x1611 Profile Velocity { 0x6081.0 . UDINT , 32 )
0x1612 End velocity { 0x6082.0 , UDINT , 32 }
0x1613 Profile Acceleration ( 0x6083.0 , UDINT |, 32 )
0x1614 Profile Deceleration ( 0x6084.0 , UDINT , 32)
0x1615 Torgue Slope ( 0x6087.0 , UDINT , 32)
0x1616 Position Offset ( 0x60B0.0 , DINT , 32 )
0x1617 Velocity Offset ( 0x60B1.0, DINT , 32)
0x1618 Torque Offset { 0x60B2.0 . INT , 16 )
0x1619 Touch Probe Function { 0x60B8.0 , INT , 16)
0x161A Gain scheduling manual index ( 0x2E00.0 , UINT , 16)
0x161C Target Velocity ( 0x60FF.0 , DINT , 32 )
0x161D Digital Outputs { 0x60FE.1, DINT , 32 )
0x161E Polarity ( 0x607E.0 , USINT , 8 )
0x161F Quick stop deceleration { 0x6085.0 , UDINT , 32 )
0x1620 Extended Outputs ( 0x22A1.1, UDINT , 32 )
¥|0x1621 Fast Reference ( 0x2005.0 , DINT , 32 )
Inputs ( 0x1180, 32, 0x20000100 )

Using this variable allows the user to send an additional parameter to the drives 0x2005 parameter.
Sending this parameter can be done in 2 different modes:

- Mode0¢ The valualefined in the GMAS FAST _REFERENCE reflects what is automatically
downloaded to the drives 0x2005 variable:
0 High 16 bit of the GMAS FAST_REFERENCE variable reflects the AxisReference to be
used.

0 Lower 16 bits of the GMAS FAST_REFERENCE reflects the graiabmesent:
A 0¢ TargetPosition
A 1¢ActualPosition
A 2¢ S Positiorg along the path of a vector axis.

This mode allows us to send a position of a specific axis to an addjpitoysitakxis in the
system. For instance, a virtual axis can be used to gémer profile while its position is sent
to the 0x2005 object which uses it as a pulse/dir axis.

- Model-Whatever is written(manually) to the GMAS FAST_REFERENCE variable, is
downloaded to the drive.
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Interface

Thestandard GMAS parameters mechanisrtoibe used in order to access the following
parameters:

- FAST_REFERENCE
- FAST_REFERENCE_MODE
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1.16 New Home On Block API

The latest Drive versionstroduced a new Home On Block (Methads-2) homing methods.
(Please refer to the drive manual).

In order tosupport the additional requirements, we added a hew API called:

MMC_HomeDS402ExCmd

M i
/Il \fn_ int  MMC_HomeDS402ExCmd(

" IN MMC_CONNECT_HNDL hConn,

7 IN MMC_AXIS_REF_HND. hAxisRef,

" IN MMC_HOMEDS402EX_IN* pInParam,
1 OUT MMC_HOME_OUT* pOutParam)

/Il \ brief This function send Home command to MMC server for specific Axis.
/Il \'param hConn - [IN] Connection handle

/Il \param hAxisRef - [IN] Axis Reference handl e

/Il \'param pInParam - [IN] Pointer to Home input parameters

/Il \'param pOutParam - [OUT] Pointer to Home output parameters
/Il \return return - O if success

" error_id in case of error

T T ] it
int  MMC_HomeDS402ExCrad

IN MMC_CONNECT_HNDIConn,

IN MMC_AXIS_REF_HNDIhAxisRef,

IN MMC_HOMEDS402EX_fInParam,

OUT MMC_HOME_OtjgOutParam)

Where the new parameters (highlighted in yellow) were added to the ISbutcture:

T T T ]

Ml \struct MMC_HOMEDS402EX_IN

/Il \ brief Home DS402EX Command input data structure.
T T T T

typedef  struct mmc_homeds402ex_in

double dbPosition ;

double dbDetectionVelocityLimit ;

float fAcceleration ;

float  fVelocityHi ; /Ispeed search for switch

float  fVelocityLo  ; /Ispeed search for zero

float  fDistanceLimit ;

float fTorqueLimit ;

MC_BUFFERED_MODE_ENEBufferMode

int  uiHomingMethod ;

unsigned int  uiTimeLimit

unsigned int uiDetectionTimeLimit ;

unsigned char ucExecute ;

unsigned char ucSpares [32]; /[future usage
} MMC_HOMEDS402EX_iN

When calling methodsl. -2 (Home on bloclk) Please use the new API. The previous API
(HomeDs402Cmd) is no longer supported for these methods.
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1.17 Kill Repetitive Support
A new API| was introduced in this version release:

MMC_KillRepetitive

The API is responsible for stopping the ongoing repetitiveianait the end of the ongoing
repetitive motion. As opposed to thetopor Haltcommands, the axis will not stop in between
repetitive segments.
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1.18 Modbus Client Library

The current @IAS version release includes a Modbus client library, that enablesstireta
communicate from the user program, to Modbus server devices.

The user may do this Synchronouslyleaning, the library will wait for a reply and will not continue
until a reply returned; or Asynchronously the user code will continue to run befoeereply was
received from the server.

Defining an instance of the Modbus class

I* GMAS / Mbus Async. Services Class */
MbusMasterAsyncServices mbusProtocol;

Opening a Modbus Client session

char *hostlp = "192.168.1.4" ;

result = mbusProtocol. LopenProtocol  (hostlp);
if (result!= FTALK_SUCCESS)

fprintf(stderr, "Error opening protocol: %s! \n",
getBusProtocolErrorText (result));
exit (EXIT_FAILURE);

}

Writing ASYNC data (Multiple Registers)

#define  sNUMREG 10 [*  Short Number of Registers */
short WdataArr[sNUMREG];

WdataArr[1] = 0x1111;
WdataArr[2] = 0x2222;

[* Write to Address 100 from WdataArr SNUMREG registers */

/* No Block operation. */

result = mbusProtocol. LwriteMultipl eRegisters (1, 100, WdataArr, SNUMREG);
if (result == FTALK_SUCCESS)

{
}

else

{

}
Reading ASYNC data (Multiple Registers)

ON_ERR_CODE()

short RdataArr[sNUMREG];
bool ReadyForNewCommand,

/* Read from Add ress 100 to RdataArr SNUMREG registers */
/*No  Block operation. */
result = mbusProtocol. LreadMultipleRegisters (1, 100, RdataArr, SNUMREG);
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if (result == FTALK_SUCCESS)

{
}

else

{
}

ON_ERR_CODE()

Reading ASYNC data (Multiple Registey¥yaiting for Previous Read to finish

bool ReadyForNewCommand = false ;

do
/* No Block operation. */

mbusProtocol. IsReady (&ReadyForNewCommand);
} while (ReadyForNewCommand == false );

/* Read from Add ress 100 to RdataArr sSNUMREG registers */

/* None Block operation. */

result = mbusProtocol. LreadMultipleRegisters (1, 100, RdataArr, SNUMREG);
if (result == FTALK_SUCCESS)

{

}

else
{
}

Block until last ASYNC finished

ON_ERR_CODE()

/* Block till last operation Mbus servic done.  */
mbusProtocol.  WaitForReady ();

Write SYNC

result = mbusProtocol. LwriteMultipleRegisters (1, 100, WdataArr, SNUMREG,
MbusMasterSync );

if (result == FTALK_SUCCESS)

{

}

else

{
}

ON_ERR_CODE()
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Read SYNC

result = mbusProtocol. LreadMultipleRegisters (1, 100, RdataArr, sSNUMREG,
MbusMasterSync );

if (result == FTALK_SUCCESS)

{

}

else

{
}

ON_ERR_CODE()
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1.19 User Parameters XML File Write support
The current version release supports the capabilitgrefiting andwriting to an XML file.

ety
A
w

¢KS F2ft26Ay3 /tt MMCUsBaramfieS | RRSR (2

I* */

/* Update/add XML Tree data */

I* *

/* Functions Write XML file identifier * \

\ * *

/* Create new XML tree in Ram. E.g when no file nore open... */
/* with this function the user start build XML tree from scrach.*/

/* Sh ould be the first write in sequnce of build new TREE. */
I* */
/* Write (null terminated string) to XML file root (xsi ID */
[* values) pAttl & xsi Location (pAtt2), */
/* Eg: *
/* pAttl = "http://www.w3.0rg/2001/XMLSchema - instance" */
/*  pAtt2 = "proposed.xsd" */
/¥ Write XML file lines: */
/¥ <root xmins:xsi="http://www.w3.0rg/2001/XMLSchema - instance" */
/*  xsi:noNamespaceSchemalocation="proposed.xsd"> */

int  PutXmlFileRoot (char * pAtt1=UPXML_DEF_ROOT_ATT1, char * pAtt2=UPXML_DEF_ROOT_ATT2)
throw ( CMMCException );

/* Write (null terminated string) to XML "file description name"*/

/* (pAttl) and XML file ver (pAtt2). */
int  PutXmlFileDescrp  (char * pALtl, char * pAtt2) throw ( CMMCException );

/* Write ONE parameter of type Double */

int  Write (char * pLvilVvalu, char * pLvl2Valu, char * pLvi3Name, double dWrVal) throw ( CMMCException );

I* Write ONE parameter of type Long */
int  Write (char * pLvilValu, char * pLvi2Valu, char * pLvI3Name, long IWrVal) throw ( CMMCException);

/* Write ONE parameter of type bool. */
int  Write (char * pLvilValu, char * pLvI2Valu, char * pLvI3Name, bool bWrVval) throw
( CMMCEXxception );

/* Write ONE parameter of type string */
int  Write (char * LvllValu, char * pLvi2Valu, char * pLvI3Name, char * pStr, long ILen) throw
( CMMCEXxception );

1

/* Functions for Write Array of parameters values * '\
\ *

*/
I
I* Write Array of parameter of type Double */
int  WriteArr  (char * pLvilValu, char *  pLvl2Valu, char* pLvI3Name,

double dWrVal[], unsigned int IACtWrEIm) throw ( CMMCException );

[* Write Array of parameter of type Long */
int  WriteArr  (char * pLvilValu, char * pLvi2Valu, char * pLvI3Name, long IWrVal[], unsigned int
IACtWrEIm) throw ( CMMCException );
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After writing the desired parameters, the user must save the file by sendin§atiecommand

/* Be aware: 1. Default file name for read is different from defaul t*
/* name for save. 2. File is open for update but not save on exit */
I* (or close) but with explicit save command. */

int Save (char * cFileName=DEFAULT_XML_WFILE_NAME, char * cFilePath=DEFAULT_XML_WFILE_PATH) throw
( CMMCException );
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1.20 Ability to Start / Stop User applications running on the

GMAS
A new API was added that supports thality to perform actions on the GMAS file system:

- Start a *.gexe application (User application).

- Stop a User application

- Returns whether an application is currently running or not.

- Returns whether an application exists on the file system, or not.
- Removes file from the file system.

A few notes:

- Applications that are started are run in user context.
- If no path is stated in the path parameter, the default is the /mnt/jffs location.

API
[T § T i
/Il \fn int  MMC_UserCommandControl(
mn IN MMC_CONNECT_HNDL hConn,
mn IN MMC_MOVETORQUE_IN* pInParam,
i OUT MMC_MOVETORQUE_OUT* pOutParam)
/Il \ brief This function send Move torque command to MMC server for specific Axis.
/Il \'param hConn - [IN] Connection handle
/Il \param hAxisRef - [IN] Axis Reference handle
/Il \'param pIinParam - [IN] Pointer to Move Torque input parameters
/Il \'param pOutParam - [OUT] Pointer to Move Torque output parameters
/Il \'return return - O0if  success
7 error_id in case of error
i
MMC_LIB_API int MMC_UserCommandControl (
IN MMC_CONNECT_HNDIConn,
IN MMC_USRCOMMAND* fithParam,
OUT MMC_USRCOMMAND_DpDutParam)
Where
typedef struct

MC_COMMAND_OPERATION eUsrCommandOp;
char cUserCommand[256];
unsigned char ucSpare[20];

} MMC_USRCOMMAND _IN;

The operations enabled are:

typedef enum command_operatioin

eMMC_COMMAND_OPERATION_START =0,
eMMC_COMAND_OPERATION_STOP =1,
eMMC_COMMAND_OPERATION_ISRUNNING =2,
eMMC_COMMAND_OPERATION_ISEXIST =3,
eMMC_COMMAND_OPERATION_REMOVE =4,
IMC_COMMAND_OPERATION;
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1.21 FULL IEC Support
FULL IEC implementation was implemented in this GMAS version, includfotidivng commands:

- MC_RESETASY{NEQuivalent to MC_ResetAsync API.

- MC_MOVETORQUEquivalent to MC_MoveTorque API.

- MC_HOMEDS402EEquivalent to MC_HomeDS402Ex API.

- MC_CHANGEOPMODEREquivalent to MC_ChangeOPModeEx API.
- MC_READPIVARUINHquivdent to MC_ReadPIVarUint API.

- MC_READPIBYINEEquivalent to MC_ReadPIBylndex API.

- MC_WRITEPIBYINEEquivalent to MC_WritePIBylndex API.

- MC_WRITEPIRAWBYINEYuivalent to MC_WritePIRAWBYIndex API.
- MC_GETPIINF&quivalent to MC_GetPlIinfo API.

- MC_READPIRAWBY INIE(uivalent to MC_ReadPIRawByIndex API.

The ReadPIByIndex and the WritePIByIndex are the only Read/Write Pls in the set of APIs as the
Fdzy OllA2ya NBOSADS Igyoréddive anpparaiheldt typ& 1 SNI Sy of Ay

A
a2
-
g 1

MC_ReadP|Bylnd:x
1IN

@Puds lib-AXIS_REF|
Enable:BOOL
Index:UINT

@Data:ANY

Done:BOOL
Ermor:BOOL
EmorlDAINT
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Release NotesNew Firmware Version for GMAS

Version 1.12.0 and Library Update 25

1. General
¢ K 8lma@ge v1.1.2.0.B4 2013 7.n A& | yYSg TFANNXGI NBE NBfSIFasS 7
Motion Controller, which supports the following new major features:

16. Administrative Function BEk Support
0 WriteGroupParameters
o Dwell
o WaitUntilCondition Function Block
17. Superimposed motions
18. VxWorks library interfaces
19. Polynomial Function Block
20. Additional Ethercat drive and IO support . Sanyo Denki, Omron, Beckhoff 10 devices
21. AdditionalTransition type for Blended ACS motion
22. PVT at GMAS level. Unlimited number of paints
23. CAN configuration interfaces enabling PDO ,SDO configuration via resource file
24. Ethernet/IP CPP libraries
25. TCP/IP and UDEPP libraries
26. Enhanced Ethercat supporEnaliing up to 8axes at00us
27. More events in GMAS for asynchronous operations. User is notified at end of operation. No
need to poll
28. Enhanced personality file
29. Enhanced Error Correction Support
30. Additional event once an axis finished its initialization process.
31. Enhanced (we changed API) PDO{feturning more information regarding a mapped
PDO.
32. GeneralPDOConfigurati@now supported for DS406 devices.
33. Ability to Load User Application Parameters from dedicated XML file.
34. IEC Full implementation.
35. Enhanced Versn Read.
36. New Kinematics in GMAS
0 Delta Robot Support.
0 Additional Kinematic Transformation Function definitions
37. Ethernet/IP support in IEC.
38. Async Reset Command.
39. Additional Parameters
o SW
CwW
Operation Mode
Digital Outputs
Digital Inputs
Speed Override
Last Nale Init Error
Last SDO Abortion Error
Last System Error

O O O0OO0OO0OO0OO0o0OOo
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40. Fast Reference Support to drive
41. Bug Fixes in this version.
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1.1 New Administrative Function Blocks

New Administritive Function Bloclgere introduced in this version. These function blocks operate in
parallel to the ongoing motion blocks.

PLCopen introduced a new parameter in the WriteParameter Function block stating the FB execution
mode:

MC WriteParameter
AXIS REF Ads - Axis| AXIS REF
BOOL _| Execute Done | BOOL
INT __ | ParameterNumber Busy |  BOOL
REAL _ | Value Emor |  BOOL
MC_EXECUTION_MODE _ | ExecutionMode EworlD [ WORD

= |mmediately¢ Will occur as soon as the Function Block is called.
= Queuedc Will occur when the previous function block ended.
= Until now, the function block execution was alwadysnediate.This meant; it was difficult
to synchronize the function call to the ongoin@tion.
= Nowc¢ User can precisely change parameters (Also parameters that are mapped to
O2YYdzyAOI iA2y 0 LhQ&aX alEAYdzZY ¢2NJdsSs 4 GKS

The following newAdministrative Function Blockgere added in this version
= WriteGroupOfParameterSB¢ Ability to write up to 5 parameters in 1 function block
call, between 2 motion blocksThis allows the user to accurately modify GMAS
LI N» YSGSNE 0SG6SSy Y2iAaz2y aS3aySyidao ob2i
SO X upawanteterS do$iot necessarily have to belong to the axis in motion.
We can precisely modify an IO of axis#2, as soon as axis #1 blends its motion to an
ongoing Function Block.

= DwellFB¢ the ability to a precise wait between ongoing function blocks added
in this version

In the following example, the"2 MoveAbsolute will not be calleantil the 2 dwells and
SetParameter finished
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defined sequence where we
ant ta set high current to an

¥is performing a 20 mation at

precise location.

1) - 20 linear move.

@ - 5et high max current value.
4@ - 2D linear move.

{41 - Set low max current value, &)
{5 - 2D linear move,

6 - 20 lingar move,

The mation sequence performed
[with blending transitions

between function blocks, all the

&

equence is performed without
topping. n
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IO Change at precise location

Motion sequence where we
want to turn light an, using
digital output at a specific
location.

{1J - 2D Circle motion,
(2] - Set digital output,
(3] - 2D Circle motion,
(4] - 2D linear move.

(5] - Clear digital output,

The motion sequence is
parfarmed with blending
transitions between function
blocks, all the sequence is
parfarmed without stapping.

= WaitUntilConditionFB Similar to theDwell Function Block, but waits until a condition is
fulfilled. The conditions are based on the list of the parameters supported by the GMAS
parameters list. The user can perform any of the following conditions on the parameters, on
any parameter type:

EQUAL,
LOWER

HIGHER
LOWER_EQUAL
HIGHER_EQUAL
MASK_AND

TheCondition does not necessarily need to belong to the axis queue it is operated on.

This gives us the ability to synchronise numerous axes that are not part of a group, to
begin motion together. Itlgo gives us the ability to synchronise numerous G{ Qa 2 Yy
the network by starting motion once a specific bit on a shared 10 is raised.
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For instance:

If we need to synchronize the Motion Start between 30 axes, we can insert a condition FB to each
axisand then insert some requested motion in the next Function Block.

Once the condition is fulfilled, all motions will start together.

Node #1

Cb";';'”” H—3»| Motion P8 —| Motion FB —3| Motion FB j
Node #2

Gjns‘lsllon r—>| Motion FB — Motion FB —/ Motion FB ]
Node #3

o:mgg.un H—>| Motion FB — Motion FB —/ Motion FB j

Same O

Gondition

Node #28

Omgg'un F—>| Motion FB — Motion FB —/ Motion FB ]
Node #29

Q)nngllon H3( Motion /B —¥» Motion FB —»| Motion FB j
Node #30

mnggmn H—»( Motion /B —» Motion FB —» Motion FB ]
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We can synchronize the axes / groups whilst the synchronization point defined using awy type
parameter and any type of logical comparison. The compared parameters can be referred to any
desired node (Single/Multi) you select:

— Node A

' NodeBReach | iti ]

| Sandsill ‘ - Cong‘l_ﬂtmn J » Motion FB » Motion FB > MotionFB]
R — ——

S — Node A

- Actual position of | ot ]

i Node Bhigher than — — — nH;tlon » Motion FB » Motion FB » Motion FB

3 1000 counts | J

R —

Node A

| UI[2] of the Node B | iti ]

| [ ]7&(555?: ‘ Cbnlc:iglon J » Motion BB ¥» Motion B » Motion BB ]
R — a——

Node A

| Trackingerror of | p—— ]

! Node Blower than +— — — anlon » Motion FB » Motion FB » Motion FB

3 50 counts 3 J

R — a——

Node A

. FBdepthofthe | g ]

! NodeBisequalto +— — — Canétlon » Motion FB »| Motion FB » Motion FB

| A J

R — —

— Node A

" Digitalinput, bit | it ]

i ng'oé\lcgéiéééj = Cbnl(:iglon J » Motion FB »| Motion B » Motion FB ]
R — ——
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API's:

MMC_LIB_API int MMC_WriteGroupOfParameters  (
IN MMC_CONNECT_HNIConn,
IN MMC_AXIS_REF_HNDLhAXisRef,
IN MMC_WRITEGROUPOFPARAMETERSpIhParam,
OUT MMC_WRITEGROUPOFPARAMETERS* pQidtParam)

= This API, writes a group of up to 5 parameters to the GMAS memory.

= ' yEA1S GKS 2NRGS. 22ft | NI YSG S NtHs fagnMidnieSdivesNI YS G S
double precision floating point values, irrelevant to the parameter type, and writes it to the
appropriate memory space. The user does not need to know the memory type. This function
is to be used in all new applications.

®  TheucMode parameter defines whether the function is to be inserted as a buffered function
block (will take affect when the previous function block ends) or immediately (may affect the
ongoing motion as the Function Block is inserted immediately).

= Please refer tdhe user manual for extra information.

MMC_LIB_API int MMC_ReadGroupOfParameters (
IN MMC_CONNECT_HNDIConn,
IN MMC_READGROUPOFPARAMETERSpIMParam,
OUT MMC_READGROUPOFPARAMETERS gdiifParam)

= This API does not actually belong to the administrative FB's, as it returns parameter values to
the user, but was inserted here together with its siblid¢rite GroupOfParameters

MMC_LIB_API int MMC_DwellCmd (IN MMC_CONNECT_HNDIConn,
IN MMC_AXIS_REFHNDL hAxisRef,
IN MMC_DWELL_INpInParam,
OUT MMC_DWELL_O#®pOutParam)

®  This API performs a precise wait, according to the time defined.
B Can be inserted only to a motion that ends at velocity 0.
¥ Please refer to the user manual for additioi#brmation
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MMC_LIB_API int MMC_WaitUntilConditonFB ~ (IN  MMC_CONNECT_HNIConn,
IN MMC_AXIS_REF_HNDLhAXxisRef,
IN MMC_WAITUNTILCONDITIONFB_IX pInParam,
OUT MMC_WAITUNTILCONDITIONFB_OWPpOutParam)

®=  This API precise wait until a conditiefulfilled.For instance: Wait until position > 10000 on

FEA&E W' Q 0SF2NB &l NIAy3a || ySg Y22GA2y 2y | EA
B Can be inserted only to a motion that ends at velocity 0.
B Please refer to the user manual for additional information

Of course, all of the neadministrative Function Blocks are available from within the EAS script
manager:

4 Misc
Bl LW Hodz Mame al2
al2 Write Group Parameters Execute 1
4 Wait Condition Parameters
Reference fuds Name alil
Parameter MMC_ACT_POSITION_PARAM
Parameterindex 0
Operation Type MC_CONDITIONFB_OP_HIGHER
Walue 52
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1.2  Super Imposed Motions

Super Imposing a motion is the ability to impose an additional profiler to the ongoing
motion. It is very useful when the target position is chang®n the fly.

This is widely used in cases where the end position is unknown and needs changes
during the motion, without crossing the initial locatioie can change the target

position without changing the current FB-or instance; when a camera provas new
target coordinates whilst the axis is already in motion.

= The imposed Position, Velocity, ACC/DC is added to the ongoing motion

Velocity &

5000 6000 Position

The Super Imposed functionality is providedibiting a master axis to a slave axis.

" LinkedMastegc¢ KA a4 A& GKS FEAA (KIFIG WNBOSAQYSaQ (KS L

" linkedSlave¢ KA & Aada (KS FEA& GKFG WwWadzZlLX ASaQ GKS L3k
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API's:

MMC_LIB_API int  MMC_AXxisLink (
IN MMC_CONNECT_HNDMConn,
IN MMC_AXIS REF_HNDLhAXxisRef,
IN MMC_AXISLINK_IN* pInParam,
OUT MMC_AXISLINK_OUT pOutParam)

AxisLink
= Axis Link link between master and slave.
= Each axis can be linked only once.
= Both axesnustbe in StandStill state.
= Slave aximustbe avirtual as (currently).

= ¢KS 2FFaSG LRAAGAZY Ay (KS atl @S aKz2dZ R 0o

MMC_LIB_API int MMC_AxisUnLink (
IN MMC_CONNECT_HNIDiConn,
IN MMC_AXIS_REF_HNDLhAXisRef,
IN MMC_AXISUNLINK_IN pInParam,
OUT MMC_AXISUNLINK_OUTpOutParam)

Axis UnLink unlink themasterslave relation.
= Can be activated from any axis, master, slave.
= Automatically performed in power on procedure.
= Slave axis should be in nomotion state.
= ¢KS 2FFasSid FTNRY GKS afl @S aK2dzZ R 6S ané o

TheAbility to perform Superimposed motions is also parthe script manager.

= Misc
M1.PowerOn )
M2.PawerOn fuis Name M1
M3.PowerOn Slave fuis M2
W1 Wait State Mode -

2 Watt State
W3 Wait State

vector.Group Enable
vector Wait State

vector. MoveLinearAbsolute
vector Wait State

Watt Time

vector MoveLinearfbsolute
vector Wait State

Watt Time

There is anfaility to record Before / After Super Imposed is:set
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The StatusRegister variable also reflects whether an axis is in a 'Lqrskgerimposed state, or not.

= Qutputsc Status register

®  bjt 16¢ The axis is linkeds master.

B bit 17- The axis is linked as slave

Topology
Gou
Ri t1 P
Axis 1 Axis 2 Axis3 Axis4

Axis Link
assignment

Ri ti1

Axis5
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1.3 VxWorks library interfaces
In addition to the following host interfaces to the GMAS:

1 .NET API
1 'C'and CPP library interfaces.

We released aradditional ability to communicate via VxWorks Host operating systems
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1.4 Polynomial Function Block
Polynomial Function Blocks were introduced in order to improve the ability to build motion
sequences with smooth velocity and ADC while performingransitions between motion blocks

9 Linear
M Circula
The motion shape that is received iss8forder polynomial order. - J,-"'?rjc""\;

The Polynomial crosses 3 given points:

9 Start position
1 Auxiliary Position
9 End Position

Notes Regarding the Polynomial Function Block:

1 The auxiliary point can be any point in the 2D plane or 3D shape edimansional
coordinate.
1 The polynomial function block can change the vector velocity during the execution, as
defined in the blended mode:
o If the polynomial FB is first EBstart vdocity and ATDC is "0".

V=0 V=0
AQDC=0 AQDC=0
N/ e N
— Polynom FB Motion FB
/| Buffered | Buffered
VN
V=0 V=Vblend
AQDC=0 i AQDC=ACQDCBlend
| /
— Polynom B Motion FB
B Buffered | Blended

o If the polynomial FB is last ERnd velocity and ADC is "0".
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Motion FB Buffered
[ |
V=Vblend
AQDC=AQDCBlend
- Motion EB Polynom FB
otion Blended

o If the polynomial FB is in the middle of FB sequence

Motion Control

A Start kinematics defined by blended mode of théymmmial FB.
A End kinematics defined by blended mode of the next FB.

Motion FB
Buffered

Polynom FB
Buffered

V=Vblend
ACDC=ACQDCBlend

— Motion FB

Blended

Polynom B
Buffered

Motion FB

{
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V=VWblend V=0
ACQDC=ACDCBlend AQDC=0
Motion FB Polynom FB Motion FB
otion | Blended — Buffered

V=\Vblend V=Vblend
ACQDC=ACDCBlend AQ DC=AQDCBlend

N N N/

Motion FB E fbionie

| Blended

Motion /B
Blended

We support the case when only one Polynom FB is entered on queue.

]

Polynom FB
|

9 Currently, we danot support two consecutive polynoial FB'sIn this case, the user will
get an error.

)

j>/ ) %m N ‘
Motion FB Polynom FB Polynom FB Motion FB ‘
d dj /I

1 Polynomial FB does not support any transition modes.
1 Polynomial FB supports all possible buffer modes.
o Abortion.
0 Buffered.
0 Blended (4 modes).
1 Polynomial FB is be supported in both coordinate systems, ACS and MCS.
Polynomial FB can be inserted with execute bit "1" or "0".
1 If we enter the polynom FB with execute bit "1", the next motion fb can be inserted only
with buffered mode (no blendings).

=
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1  When we insert polynom FB the following limitations are checked:
0 SW limitsg for aux and end points.
o Velocity.
o AC.
o DC.
o Jerk.

1 Currently, As in all other motion FB's, we cannot add Polynom FB to table related FB's

06S R2y Qi 1y2¢ GKS tidalong)ii 2F GKS (F6fS 6SF2N

o Spline.
o PVT.
o ECAM.

1 Allowed PLC state:
o Group not in Error.
Group not in stopping when current FB inserted in Abortion mode.
Group not in disabled.
Group is Valid.
All axes in group are valid:
A Not disabled.
A Not error.
1 Currently, We do not providéhe ability to insert Table related FB (Spline, PVT,ECAM)
when the last inserted FB is polynom with execute bit "0".
1 When the polynom fb is the last fb in queue we act as in other motion fb's:
0 Manage the Target Reached bit.
A Target Radius.
A Target Time.
0 When target is reached and the user enables the MotionEndedEvent, event will
be sent to the user.
1 We do not make validations of point closeness:
o Starta A Aux.
o Starta A End.
o Enda A Aux.
0 Starta A Auxa A End.

o O O ©°
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Using a the Polynomial function block promises sthoess throughout the path as far as Position,
Velocity, AC/Dc are concerned.

For instance: - F R EmT e
- e o s S
Start : 0,0 ‘ \ eSS ?ﬁ’/‘_,_ EEEEE
Line: 10k,10k - i <
Polynom:  Aux(14k,19k) End(20k,18k) -~
Circle (angle)Aux(30k,18k) Angle180) SeeECen
= —/ : /f_“/x\” ; *;xﬁj SeagRERERES N
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API'sc C library:

MMC_LIB_APIlint MMC_MovePolynomAbsoluteCmd(
IN MMC_CONNECT_HNDL hConn,
IN MMC_AXIS_REF_HNDL hAxisRef,
IN MMC_MOVEPOLYNOMABSOLUTE_IN* pInParam,
OUT MMC_MOVEPOLYNOMABSOLUTE_OUT* pOutParam);

typedef struct
{
double dAuxPointiNC_MAX_NW_AXES_IN_NODE];
double dEndPointfNC_MAX_NUM_AXES IN_NODE];
double dVelocity;
double dAcceleration;
double dDeceleration;
double dJerk;
MC_COORD_SYSTEM_ENUM eCoordSystem;
MC_BUFFERED_MODE_ENUM eBufferMode;
unsigned char ucSuperimposed;
unsigned char ucExecute;
IMMC_MOVEPOLYNOMABSOLUTE_IN;

typedef struct

{
unsigned int uiHndl; /lI< Function Block Handle.
unsigned short usStatus; /lI< Returned command status.
short usErroriD; /lI< Returned command error ID.

IMMC_MOVEPOLYNOMABSOLUTE_OUT;

API- CPP Library

As in other group's motion related functions, we created several types of overloaded functions.

All move polynonal functions are implemented in the "CMMCGroupAXxis" Class.

int  MovePolynomAbsolute(MC_BUFFERED_MODE_ENUM eBufferMode = MC_ABORTING_MODE)

int  MovePolynomAbsolute ( float fVelocity,
MC_BUFFERED_MODE_ENUM eBufferMode = MC_ABORTING_MODE)

int  MovePolynomAbsolute ( float fVelocity,
double dbAuxPosition[NC_MAX_NUM_AXES_IN_NODE],
double dbEndPosition[NC_MAX_NUM_AXES_IN_NODE],
MC_BUFFERED_MODE_ENUM eBufferMode = MC_ABORTING_MODE)

int  MovePolynomAbsolute ( float fVelocity,
double dbAuxPosition [NC_MAX_NUM_AXES_IN_NODE],
double dbEndPositi on [NC_MAX_NUM_AXES_IN_NODE],
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float fAcceleration,
float fDeceleration,
MC_BUFFERED_MODE_ENUM eBufferMode = MC_ABORTING_MODE)

int  MovePolynomAbsolute ( float fVelocity,
double dbAuxPosition [NC_MAX_NUM_AXES_IN_NODE],
double dbEndPosition [NC_MAX_NUM_AES_IN_NODE],
float  fAcceleration,
float fDeceleration,
float fJerk,
MC_BUFFERED_MODE_ENUM eBufferMode = MC_ABORTING_MODE)
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1.5 Additional Ethercat drive and 10 support
Extensive work was performed in order to support additional Slave dewith the G/1AS Ethercat
master.Thefollowing slaves are supported:

1 Beckhoff Digital 10:
0 Input: EL1004
0 Output: EL2004
1 Beckhoff Analogue 10O:
0 Output: EL4031
0 Input: EL3104
9 Sanyo Denki Drives
1 Omron Drives.

These devices are of course supported by the EImo Applic8tiatio (EAS).

£2 Gmas - Elmo Application Studio v.13.0

= B’ = ﬁ' &
Updates h.g System §% Drive Setup a Drive User @ GMAS
& News ~¥ Configuration - &Motion Programming Setup&Motion
8 '-1; EtherCAT Corfiguration Slave | FMMU/SM | Maibox | Int Commands Distributed Clocks Memory
= 24 Master GO7 31
e Z
@243 c0| )
& 23 a02 <01
@ 243 a03 131
- 243 a0¢ Deve/h
@243 205 Dav
@ 243 a06
& 243 207
& 243 a8 =
@243 a09 s
0
0
Ethemet frame max size (Byte) 0
» Watchdog False. 0

1.6  Additional Transition type for Blended ACS motion s
Until now, in order to perform blended motions, they had to be part of afizXCartesian system.
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In order to blend the motion, the user had to work in MCS, and select the Kinemaiitialir for
each axisSystems with no Kinematic direction, (as we ¢&llaxes), we could not perform blended
motions, and all motions had to be buffered.

For instance, the following robot, does not represent a Cartesian System, but we would like to
perform blended motions in ACS.

A new transition type was introduced: MC_TM_CORNER_DIST_CV_POLYNOM5_NAXES =10

This mode is a Corner Distance, fifth order polynomial transition mode for ACS
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All the user needs to do is define thbove transition as padf an ACS motion, and the transition
will be performed:

Here we can see 12 axes in blended motion, before the implementation (had to be buffered
Velocity reached zero between segments), and after:

| at scope o | ) i Scope o | )
|[ Zoom Anaiyze Tools Zoom Anshae Tools
|aaliesaesorHa | aAabsme s oHa
I b1 Position Command 502 Pesition Command  b03 Posticn Command b5 Passtion Command 07, Position ( 101 Position Command  b02 Position Command  b03 Passtion Commard B05 Position Command bO7 Posstion {
193000 = | 189619~
el sl
000 —
] 100001
— 0000
— v
0000 - 0000 =
| soca-
e soca-
s ]
000, | . | ; |
0 1 2 3 4 5 7 8 ) w " [] 1 2 3 4 5 3 8 3 10 n
Time{sec) Timeises) }
b0 Velocity Command  b02 Vielocity Command _biI} Vidocity Command 05 Velocsty Command BO7Veloclty €| b0 Melocity Command bOZ Velocity Command 03 Melocly Command BOS Volocity Command b07.Velocity (|
ooee = 80000~ |
|
L +
| = | 1 |- f e
P a0 r i
1 e !
=
L | - a= 1
. 20000+
coosn-| B —— —soo0
raee sy i 1 ] i 1 i 1 1 Il Il 1 231405 ' i i ' 1
o 1 2 3 4 L] L] 7 L3 L] w n [] 1 2 3 4 8 9 10
Tira{sec) Time{sec)
oK | Carsel ox | [ coca
L L

The following should be taken into account:

)l
)l
)l

When dl axes move to same directiarthe transition betweerthe FB is in blended mode.
When dl axes move tdhe opposite directiong the FB wilisinserted in Buffered mode.

High value of transition parameterthe parameter will be saturated by 40%the shortest
segment
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1.7 PVT at GMAS level

Feature highlights:

Usess can specify a prepared or on the fly path, up to 16 axedth discrete position, velocity and
time. The GMAS will interpolate (5th order) to create a smooth and contiguous path

9 Single andsroup axes supported.
1 Absolute / Relative positions and timing.
9 Large cyclic (option) PVT memory
o Single axis > 40K points.
0 3 Axes > 17K points.
0 16 Axes > 3K points.
1 Modes
0 Static mode; Based on a file or table points.

o Dynamic mod€On the fly mode) Basedon table points, sent on the fly to GMAS.
Buffer underflow event mechanism is available in this mode.

1150
1160 4
1140
1im} Poemn
1100

100 2.'

1050 4 k"-b .
10 // e /
SN

llﬂ][

PVT describes the path given by positi@locity pairs per axis, and aptional time interval given per system
(expressing as time per axis is unnecessary), and is applicable both for single arakisuatition.

The input datdor PVI motionis stored as a table ithe GMAS RAMising a functionThePVT
motion canoperatein "normal” or cyclic modes. In cyclic mode, the profiler reache®nd of table
andreturns to the beginning.

Generally, PVT motion is defined by a set of points, and if a number of points are provided in advance of the
present position, the profileran build a 3rd degree polynomial by which to calculate the next position to be
downloaded to the drive (Dynamic Mode). The path is calculatetheily, and therefore all polynomial
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coefficient calculations occur in the re@ine module. The PVT motion ds not require full data to execute,
and only requires a minimal number of points.

Similar to splines, the input table is stored in the shared memory, but unlike splines, only the
coordinates are stored, whereas the polynomial coefficients are calculateéuirealtime module.
The tables can be loaded via file, or via an N x M-ps&rided array. Optionally, a row or a few rows
can be appended to the tables, but within reasonable constraints; for example, data cannot be
appended to the currently segmerihe profiler is operating on. The PVT function blocks are only
applicable in NC cyclic/interpolated modes.

Each row of input data stored as a table in shared memory, represents the time, position, velocity and vector
position. For example, if we have anares setup, the firow in the table will be generated according to the
following format:

Th Pii Vi P2 Vi € R Vim

As shown, T is similar for all axes, and therefore can be used only once.
The user can provide the data in several ways:

1 Provide a filawith a table containing the data points

1 Provide an array containing data pointghich can also be appendéa an existing path within a given
index

When the user decides to append points to an existing path, he has to be aware that:

1 The table size is lited, and its maximum size should be known

1 For dynamic Append only, when the number of points exceeds the table upper limit, the points will be
appended to the beginning of the table.

9 Itis not possible to append to the current segmémtesently, if the current index is X, the user can only
append from X + 3).

During data loading, the points are read from the file. However, unlike splines, they are inserted into shared
memory without precalculations.

Appending data to a table load#&from file is forbidden.

Every cycle the next segment is calculated forward. The function block includes a pointer to the
current selected path data start, and includes all patimstant data, i.e. dimension, number of
points, etc. In addition, the funan block contains the current working index, so that if the user
wishes to append points, the system will avoid appending the points at the current working index.
When the PVT function block is in motiara other function block can be insertéa any bufér

mode, only vidhe STOP command (similar to spline behavior).

On The Fly Mode

The GMAS also supports loading data to theMAS onthe-fly, i.e. the user can start the motion based on
existing data, and the remaining data can be appended later. Theepballows the user to change the path
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on-the-fly, taking the software constraints into consideration. At this moment, there are two appending
submodes implemented; automatic and manual.

In automatic mode, the SAS will remember the last index wheretdavas appended, and will append to
this index next time.

In the manual mode, the usevill have to provide the indexyhere he wishes to append points.

The number of points calculated is used in the {tak module to check that the end of path has reen

reached, i.e. if 2000 points is allocated, and the user inserts just 1000 points, the 1000 points limit should not
be traversed. In addition, in dynamic mode only, an underflow event can be sent when the index is close to the
end of path.

Initializi ng The Data Table

Before appending points to a table, the user should initialize it. This can be achievd in two ways; by loading a
table from file, or invoke a dedicated function, which will initialize the "constant" path parameters, like
dimensions, maxia number of points, etc.

In addition, the user should select whether the appending is to be done statically or dynamically. If
dynamic appending is selected, the user should choose an underflow threshold.

Loading Data

There are two modes of load data froarray¢ Static and Dynamic. Static mode is loading the data from file
mode, the table is loaded and no appending is allowed. Dynamic mode is cyclic by default, dimdereal
events will be generated upon crossing the underflow threshold. Each time tiédeof inserted points
drops below the predefined thresholtlan event is generated. Using the existing events mechaqisra user
handles the overflow as necessaythe user can add points once an event occurred.

The user has control of two parametataring appending data to table; Whether appending in automatic
mode? If no, then the second parameter is the index to append from. Based on these two parameters, the
algorithm inserts the data safely.

If the axis/vector is in motion, an index delta is dapglto maintain the calculated path (index delta = 3). If the
difference between the current index and the start index to append is less than the delta, insertion is
forbidden.

In cyclic mode the data is appended to the given index (automatically or nign@eldd when the
data reaches the end of PVT segment, it is automatically appended to the beginning-dyction
mode, where the data reaches the end of PVT segment, an error is returned.

Cyclic Mode

In order to support cyclic mode, a cyclic buffer ismaged. The main constraint is that the size of the buffer
appended must not exceed the table size, as then the end will run over the beginning. In addition, if the
appending index is after the current index, the user should maintain a minimal delta:
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Abs(arrent ¢ start) < 3
If the index of appending is prior to the current index, the following should be maintained:

start + block size < current
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API's
Please refer to User Manual for further information.
CcAPI's

MMC_LIB_API int  MMC_InitTableCmd (IN MMC_CONNECT_HNDConn,
IN MMC_INITTABLE_IN* pInParam,
IN MMC_INITTABLE_OUT pOutParam)

MMC_LIB_API int MMC_LoadTableFromFileCmd (IN MMC_CONNECT_HNDConn,
IN MMC_LOADTABLEFROMFILE_tNbInParam,
OUT MMC_LOADTABLE_OWHTpOutParam)

MMC_LIB_API int  MMC_AppendPointsToTableCmd ( MMC_CONNECT_HNMDConn,
MMC_APPENDPOINTSTOTABLE_*NInParam,

MMC_APPENDPOINTSTOTABLE_OGDutParam)

MMC_LIB_API int MMC_GetTablelndexCmd (IN MMC_CONNECT_HNMiConn,
IN MMC_GETTABLEINDEX_INpInParam,
OUT MMC_GETTABLEINDEX_OWFOutParam)

MMC_LIB_API int MMC_MoveTableCmdIN MMC_CONNECT_HNDConn,
IN MMC_AXIS_REF_HNDLhAXxisRef,
IN MMC_MOVETABLE_tN\pInParam,
OUT MMC_MOVETABLE_OWOutParam)

MMC_LIB_API int MMC_UnloadTableCmd( MMC_CONNECT_HNMDConn,
MMC_UNLOADTABLE_f\wInParam,
MMC_UNLOADTABLE_O{JOutParam)

CPP API's

MC_PATH_REF CMMCMotionAxis:: InitPVTTable (unsigned long ulMaxPoints,
unsigned long ulUnderflowThreshold,
unsigned char uclsCyclic,
unsigned char uclsPosAbsolute,
unsigned short usDimension,MC_COORD_SYSTEM_ENUM eCoordSystem) throw

(CMMCEXxception)

MC_PATH_REH.oadPVTTableFromFile (char* pFileName,MC_COORD_SYSTEM_ENUM
eCoordSystem)  throw (CMMCEXxception);

virtual void MovePVTIMC_PATH_REF hMemHandle, MC_COORD_SYSTEM_ENUM
eCoordSystem) throw (CMMCEXxception);

void UnloadPVTTable (MC_PATH_REF hMemHandle) throw (CMMCException);
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AppendPVTPoints ( MC_PATH_REFhMemHandle,

double dTable[NC_PVT_ECAM_MAX_ARRAY_SIZE],

unsigned long ulNumberOfPoints,

unsigned char uclsTimeAbsolute = 0) throw ( CMMCException );
AppendPVTPoints ( MC_PATH_REFhMemHandle, double

dTable[NC_PVT_ECAM_MAX_ARRAY_SIZE],

unsigned long ulNumberOfPoints,

unsigned long ulStartindex,

unsigned char uclsTimeAbsolute = 0) throw ( CMMCException );

unsigned int GetPVTTablelndex (MC_PATH REFhMemHandle) throw
( CMMCEXxception );
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1.8 CAN configuration interfaces enabling PDO and SDO
configuration via resource file

Ly 2NRSNJ G2 O2yFA3Adz2NBE /!b t5hQasx GKS dzaSNJ ySSRa

MMC_CfgRegParamEvPDO3Cmd
MMC_CfgRegParamEvPDO4Cmd
MMC_SetSyncTimeCmd
MMC_CfgEventModePDO3Cmd
MMC_CfgEventModePDO4Cmd

=A =4 =4 4 =4

In order to EAS the usage of these func§ahe GMAS now supports these functions as part of the
resource file. (Not yet supported in EAS).

LY FTRRAGAZ2Y G2 t5h aStGdidAy3az GKS Da!{ NB&2dz2NOS 7
(DS301, DS402, DS406).

¢tKSaS {5hQa Ol y iovabor Gpératidnal ngdest NB 2 LIS NI i
XML Format
The XML resource fileastwo sections located in the node section:

= PDQ¢ one for each PDO mapping. Up to two TPDOs and two RPDOs.
= SDOseach node may have a maximum number of 8 SDO sections (some in operational and
some in pre operational mode)

A NAME element for SYM@sadded in the global parameters section

The fields in the PDO paragraph and theilues are:

PDO NUM -two possible values "3" or "4"

DIRECTIONi 62 LI2&aaA0tS @FfdzSaYy anda F2NI wt5h 2N ama 7Tz

CommPARAMLI2Z 34 A0t S @I fdzSaY ama F2NI {,b/ X dauppd F2NJ
GHpnda F2NJ 9+x9b¢ oaHpné A& LRaaArAoftsS 2yfte F2NJ ¢t 5h

TIMER possible values are-85,536. For values larger than O the
/2YYt!w!la FASEtR aK2dzZ R 06S !'{, b/ O0aGHppE

DRIVE_EVENBitwise hex value aceding to the drive events specified in MAAN301IG object
0x2F20c will be entered in decimal format

EVENT_GROUpossible values are-17, values need to match the GMAS APl documentation
chapter 7.4.3 PDO mapping

Note: for RPDO in the EVENT_GROUPtfieldossible values are only7l
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SUB_IDXpossible values are-24, relevant only forTPDO EVENT_GROUP-99,71217 and for all
RPDO EVENT_GROUP values. For other groups the value will be O

UDP_MOD#Epossible values are: "2" for immediate UDP nadificn, 1" for notification after next
cycle
"0" no UDP notification

Additionally there is a variable in the global parameters section:

SYNEwhen choosing "SYNC" it is recommended to provide a value different than zero in this field
(otherwise no TPDOsleged to thismapping will be sent when all the axes are NQ®)). The values
range is 0 (no SYNC messages) to 255/(cycle time[ms]), this field value indicates how many GMAS
cycles will pass between SYNC to SYNC.

Note: All the fieldsMUSTbe entered in alecimal format even if inserted in hex form@atia UI)!

=%xml wersion="1.0" encoding="UTF-16"72>
<RESOURCES

HAME="MMCRescurces”

TYDE="CMAS">

<ELOBAL_FRRAMS>

<MAME
SYNC="500" />

</ GLOBAL FRRAMS>
<MOTION_DEVICES>
<MODE

~/MOTION_ DEVICES>
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INDEX; the user will enter four digits hexadecimal number, this number will be written in the XML

in a decimal format.

SUB_INDEXwo digits hexadecimal number, will be stored in decimal format

DATA 1,2 or 4 byte decimal data.

LENGTHbhe length of the data ("1","2" or "4")

OR 0 for precg operational SDOs, 1 for operational SDOs

In this example an SDO will be sent to objegb60& subindex 0x0 in axis b01, the message

will hold the data 1234 and will be sent before the node becomes operational.

Note: all the fielddMlUSTbe entered in a decimal format even if inserted in hex forgvaa UlY!

<?xml version="1.0" encoding="UTF-16"7>

<RESCURCES
HNAME="MMCResources"
TYPE="GMAS">
<GLOBAL_PRRAMS>

</GLOBAL_PRRRMS>
<MOTICN_DEVICES>
<HCDE
HAME="b0O1"
n

</NODE>
<HCDE

5T _SUPBORT="0"
DOUT_SUPBORT="O" >
</NODE>

</MOTTON DEVICES>

<IO_DEVICES />
<GENERAL DEVICES />
<VIRTUAL OBJECTS />
<SUBGATEWAY>

TYPE="SimplIQ"
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1.9 Ethernet/IP CPP libraries

Wereleased the libraries for supporting Ethernet/IP under CPP. This truly eases the usage when
working with Ethernet/IP devices.

There are two classes that work in conjunction, when working with Ethernet/IP:

-  MMCEIPSessianiass The clasd#MCEIPSessiomraps the network communication
functions as far as opening an Ethernet/IP session, creating tags and ending a session. The
class includes the following methods:

API's

Error! Reference source not foundCloses an EthernetlP session

Error! Reference soce not found- Creates a new E#mnetIP session

Error! Reference source not foundKills the presenEtheNETP session

Error! Reference source not foundOpens a new EIP session and defines an EIP
allback function.

O O O O

-  CMMCEIPDataTymtass The class MMCEIPDataType is responsible for holding the data,
setting, and retaining data associated with a tag/variable defined on the Ethernet/IP
network.
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[ DataType<T> ®) EIPP_TAGTYPE ENUM : _unnamed_enum_00ed_2 EIPP_DEVWAIT_STAUS_ENUM : _unnamed enum 00e4 1
Template Class Typedet Typedet
& Methods
@ ~DataType
@ DataType
protected _unnamed _enum_00ed_2 & _unnamed enum_00e4_1 &
4 =) E Ei
CMMCEPDataType<T> ¥ — _—
Template Class
L ADAPTOR_TAG EIPP_RESPONSE_OK
L <DEVICE TAG EIPP_RESPONSE_ WAL

eASSEMBLY_TAG

EIPP_READADPTAG_OUT : EIPP_READDEVTAG_QUT
Typedet

EIPP_READDEVTAG_QUT : _unnamed struct_00ed 4
e f&—————— HPP_GETSYNC_OUT : HPP_READDEVTAG_OUT
I Typedet

mmmmm d struct_00ed_4

&
Struct
= Fields
@ buffer
@ dummy FIPP_GETASSEMBLY_OUT : FIPP_READDEVTAG_OUT
@ usErodD Typedef
@ usStatus

EIPP_SETASSEMBLY IN : EPP_ WRITEADPTAG IN

Typedef
EIPP_WRITEADPTAG IN : _unnamed struct 00ed_3 __unnamed struct_00e4_3 ®
Typedef Struct
= Fields
@ buffer
@ dummy
@ usTagRef

EIPP_SETDEVTAG IN : FIPP_WRITEADPTAG_IN
Typedef

API's

- EipTaglnit Obtains aag setting by namészNam@ or by instancgilnstancg and initidizes
this object with tag properties

- EipSetTagWrites data to adapter memory

- EipGetTagObtairs data fromthe adapter memory into given tDaiar tVarbuffer

- EipCheckReplAnswers whether or not data fahe last request has arrived

- EipGetData Obtain data which has arrived asynchronously framequest

Please refer to manual for further information.
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1.10 TCP/IP and UDP CPP libraries

Historically, in order for the user to communicate to theMAS, only the following interfaces could be used:
A Modbus
A Ethernet/IP

If the user wished to define a propriety protocol, then managing socket experience was required. In addition,
the maximum packet size, for instance, in Modbus is 256 bytes (128 registers). This was found to be limiting.

Elmo is therefore introdcing two additional classes to the CPP library:
A CMMCUDP
A CMMCTCP

The user can select to use either Class, as both Classes operate in both the WIn32-BMAaSP@&gramming
environments. The user can also select to be a client or Server and operateshevitla or without callbacks.
More importantly, no socket experience is required.

The UDP includes the following methods:

¥

( cMmcuDP
Class

= Fields

o m_iSock

gﬁ’ m_sockAddrn
= Methods
~CMMCUDP
Close
CMMCUDP
Create
GetlP
ReceiveFrom
SendTo
SetSocketTimeout

L o0 o 04

[
<

A int Create(unsigned short usPort, SOCK_CLBK fnClbk=NULL, int iMsgMaxSize=512);

A int Create (unsigned short usPort, SOCK_ CLBKfnClb k=NULL, int
iMsgMaxSize=512);

A int SendTo(char *msg, short sLength)
int Send (void *pData, unsigned short usSize, sockaddr_in *
pSockaddr=NULL);

A int ReceiveFrom (char *msg, short sLength, short sTimeout);

A int Receive (void * pData, unsigned short usSize, long IDelay=0L,
sockaddr_in  * pSockaddr=NULL);

A in_addr  GetlP () ;

A int  Close ();

A int  Connect ( char * szAddr, unsigned short usPort, bool & bWait, int

iMsgMaxSize=512);
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In addition to the UDP and TCPIP classes, we also added ardbfiageasy senihg/ receiving of datato the

drive via EoEThis is defined with the

The following C+functions were added (similar to Binary interpreter):

A ElImoGetSetSyncParam (Floatinteger)

A ElmoGetSetSyncArray (Float + integer)

A ElmoGetSetASyncParam (Float + integer)
A

ElImoGetSetASyncArray (Float + integer)

The clas€MMQJDP wraps UDO implementation within the designated Operating System. The EoE
class is derived from theMMCUDP class and uses EoE communication over UDP. This section

describes the public interface for CMMCUDP class.

Working with theMMCTCRlass is similar, and has almost identical interfaces. This means, that

transferring from one to another is simple.

The MMCTCP class includes the following methods:

9 int Create (unsigned int uiPort, SOCK_CLBKfnClbk=NULL,

iMsgMaxSize=512);

1 int Accept ();

i int Receive (int iSock, unsigned short
bFalil, long [Delay=0);

I int Send (int iSock, unsigned short

bFail);

I int Connect (char * szAddr, unsigned  short
bWait);

I int Close (int iSock);

1 int Close ();

1 bool IsWritable (int iSock);

int

*pData, bool &

bool &

int &iSocket, bool &
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1.11 Enhanced Ethercat support

Major work was done in order to improve tliealTime of the Ethercat on the-BAS system.
We

are down to jitters of 57us after vast intervention in the Linux Kernel.

Of course, there are limitations as far as the number of axes are concerned per cycle time.
The following guidelines apply:

- Minimum Cycle time is 500us. 8 axes can be defined to work at this rate.
- 16 axes at 1ms. 32 axes at 2ms.
- The minimum Mailbox time is 2ms. Mailbox time must be at least twice the cycle time.
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1.12 More events in GMAS for Asynchronous Operations

GAYS O2yv&EWSY A tILIQAQE NS 26 ! {

meaning, they return to the user immediately, and occur in the backgroviebn the sequence is
finished, the user is notified.

Specific functions:

The user shall receive an ASYNC reply stating which operation was over. The user can choose to

ReseEx (The Reset function remained unchanfmdackward compatibility).

ChangeOperationMode
ConfigPDO.

receive these callbacks by setting bit 18 (Zero Based) in the event mask which is set / cldared in
following connection related functions:

MMC_OpenUdpChannelCmd
MMC_OpenUdpChannelCmdEx
MMC_SetEventsMaskCmd
MMC_ClearEventsMaskCmd

b/ 1

The MMC_CAN_REPLY_DATA_OUT structure was modified, and now returns information regarding
the ASYNC event type.

typedef gruct

{

unsigned short usFunctionID ;
unsigned short usNumerator;
unsigned short usDatasize;
unsigned short usPadding ;
unsigned short usStatus ;

short usErrorid ;

unsigned short usCOB_ID;
unsigned short usAxisRef;
unsigned char can_data_length;
unsigned char data[8] ;
unsigned char ucAsyncEventType

IMMC_CAN_REPLY_DATA_OUT;

The following enum can be returned as part of th\syncEventType

eASYNC_EVENT_SDO_DOWNLOAD =1,
eASYNC_EVENT_SDO_UPLOAD,
eASYNC_EVENT_CHANGE_MOTION_MODE,
eASYNC_EVENT_INTERP_CMD_GET,
eASYNC_EVENT_READ_DI_GROUP,
eASYNC_EVENT_WRITE_DO_GROUP,
eASYNC_EVENT_CONFIG_REG_PARAM_EVENT_PDO3,
eASYNC_EVENT_CONFIG_REG_PARAM_EVENT_PDO4,
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eASYNC_EVENT_CONFIG_USER_PARAM_EVENT_PDO3,
eASYNC_EVENT_CONFIG_USER_PARAM_EVENT_PDO4,
eASYNC_EVENT_CANCEL_PARAM_EVENT_PDOS3,
eASYNC_EVENT_CANCEL_PARAM_EVENT_PDO4,
eASYNC_EVENT_RESET,
eASYNC_EVENT_INTERP_CMD_SET,
eASYNC_EVENT_SEND_RAW_DATA,
eASYNC_EVENT_EXECUTE_LABEL,
eASYNC_EVENT_CONFIG_PDO_COMM_PARAM,
eASYNC_EVENT_CONFIG_VIRTUAL_ENC,
eASYNCEVENT_BULK_UPLOAD,
eASYNC_EVENT_SDO_DOWNLOAD_MOTION_PROCESS,
eASYNC_EVENT_SDO_UPLOAD_MOTION_PROCESS,
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1.13 Enhanced Personality File
The personality now includes information regarding SDO abort rea$besnformation can now be
read from the standardMMC_GetErrorCodeDescriptionBy\PI

A new ENUM for thabortion code (3) was added MMC_GET_ERROR_DESCRIPTION.ENUM
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1.14 Enhanced Error Correction Support

Thecurrent implementation for the Error Correction support lacked the following:

Only 4 ErroCorrection tables.

No ability to superimpose an error correction value, for a specific axis. For ing#raas X
was corrected as a 1D Error Correction, and it was also corrected as a 2D error correction,
we would not superimpose the corrections.

Theresolution (gap) must be a power of 2.

Limited gap up to 2.

The implementation changedlyI THOU Dackward compatibility:

1. Superimposed management of the error correctidviore than one table can fix a target
axis.
2. Unlimited gap. Can be not only power oftfut any floating point variable.
3. 2 Additional tables. Support up to 6 tables, nofAB,C,D,E,F tables).
4. No limitation of which axis is fixing another.
5. Start point can be double
6. No need to handle the table offseflhe GMAS now handles the search far flree memory.
7. API Change Referenceand Target axes are now not part of the API. They are part of the
file.
8. Support for Auto Load of the Error CorrectenGOMAS startup.
File example
Old format:
Table size 64
start offset 0
Error table dimension 2
start position 0O 0
Axis grid size 7 7
Table dimensions 8 8
Table #1 Start Data
0 -7 -4 0 0 0 0 4
0 0 0 -1 _4 1 1 b
-1 0 0 0 0 -6 0 0
0 0 -5 1 0 -2 -1 0
0 0 0 -6 -2 0 0 -1
-2 -4 0 3 0 -20 -2 0
0 -1 0] 0 -10 0 0 -2
-5 0 0 0 0 0 0 0
Table #1 End Data
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New format:

[header]

Table size 64

Error table dimension 2

Target Axis a0l

reference Axes a02 a03

start position O 0

Axis grid size 128 128

Table dimensions 8 8

[header /]

[table]

Table #1 start Data
10 -70 -40 10 20 30 40 44
30 20 10 -31 -44 -51 -61 7
-14 50 a0 40 330 -56 a0 120
560 540 -565 321 230 -432 -143 130
0 0 0 -6 -2 0 0 -1
-2 -4 0 -3 0 -20 -2 0
0 -1 0 0 -10 0 0 -2
-5 0 0 0 0 0 0 0

Table #1 End Data

[table/]|
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1.15 Additional Events to User Program
A new event was added to the GMAS. This event is called once an axis finished its initialization
processNode initialization finished event indicates whether a successful or unsuccessful node
initialization has occurred.

This event supplies the esthe ending state of the initialization and if an error occurred it indicates
the error number.

This event will occun the following scenarios

- A node sent a NMT boatp message after power on
- A node sent a heartbeat message after it was in "heartleeedr state"¢ a heartbeat error
event occurred prior to this event.

In both cases node will be initialized by GMAS. When a node reconnects (second scenario) it will
enter to error state.

The Callback Data received is as follows:

Event Event ConstanDefinition Comment
[\[oX
Type Length
(bytes)
18 NODE_CONNECTED_EVT Event No. | Unsigned 0 2
short
Axis Ref | Unsigned 12 2
short

In addition, thefollowing GLOBAL ASYNC everas added:

This event is received when an asynchronoperation that is not related to a specific node ends.
This event indicates the result of this operation, on error the GMAS error code is returned and status
field is different than zero, on success status and error fields are zero.

The Callback Data rewed is as follows:

Event Event Constant Definition Comment
No.

Type

19 GLOBAL_ASYNC_REPLY_EVT | Event No. | Unsigned | O 2
short

Status Unsigned | 8 2
short

Error ID Short 10 2
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Function Unsigned | 12 1
ID char

Theglobal operations that are indicated by this event are:

- Setsync time
- Set heartbeat consumer command

The enumerators of these events can be found at MMC_events_API.h header file.

Node initialization finished evenindicates whether a successful or unsuccessful node initialization
has occurred.

This event supplies the user the ending state of the initialization and if an error occurred it indicates
the error number.

Node initialization is performed only after a rmdends boot, up message (see DS301
documentation for further details) not after every node connection on the bus. Node connected
event will always take place before this event, but node initialization finished event will not always
occur after node conneted event.

The Callback Data received is as follows:

Event Event Constant Definition Comment
[\[oX

Type

20 NODE_INIT_FINISHED EVT Event No. | Unsigned 0 2
short
Axis Ref Unsigned 12 2
short
Error id short 10 0-indicates
successful
initialization

1.16 Enhanced PDOInfo API
TheMMC_GetPDOInfoCmubw returns the following datéor TPDO and RPDO

- Event group

- Communication type (sync, async, event)
- Drive event

- User array Sub index
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- Timer value
- Callback mode

The structure oMMC_GETPDOINFO_OuAS modified:

typedef struct mmc_getpdoinfo_out
{
int iPDOEventMode;
unsigned int uiCommParamEventPDO;
unsigned short usStatus;
short usErrorID;
unsigned short usEventTimerPDO;
unsigned char ucRRICommType;
unsigned char ucTPDOCommType;
unsigned char ucTPDOCommEventGroup;
unsigned char ucRPDOCommEventGroup;
unsigned char ucSubindexRPDO;
unsigned char ucSublndexTPDO;
IMMC_GETPDOINFO_OUT;
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1.17 GeneralPDOConfiguration z now supported for DS406

devices
Users using a DS406 device, can now configure the device to return additional data via PDO 3 and
PDO4ia the standard GeneralConfigPDO3/4 MMC API.

In addition, the user can receive a callback as well on this device.
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1.18 User Application Parameters Support
Today, in order to modify a specific parameter within a GMAS User Application program, the user
needs to modify the code, compile and create a hew executable.

For instance:

1. Default axis motion parameters

2. Communication timeouts.

3. ProgpamB Kl GA2NE® Cfl 3azx SGO0d X
4. ' YR a2 2y X

Instead of having to read hard coded constants, we want to give the user the ability to read
parameters, of all types, via a dedicated API. (In the fugutee user will be able to create / write to
such a file).

The  APlis to give the ability to users to read parameters from a textual based file and copy the
values to local program variables.

The API is supported in the CPP Library only, currently only when working with IPC only.
An example for an XML file:

<?xm version="1.0" encoding="u"?>
<root xmlins:xsi="http://www.w3.0rg/2001/XMLSchenirstance"
xsi:noNamespaceSchemal.ocation="proposed.xsd">
<FILE_DESCRIPTION NAME="Parameters" VERSION="NovaScan 1236" />
<CATEGORY NAME="Profiler">
<RESOURCESW&="a01">
<AC>10000000</AC>
<DC>10000000</DC>
<JERK>1073742336</JERK>
<DRIVE_ID>'81'</DRIVE_ID>
</RESOURCES>
<RESOURCES NAME="a02">
<AXIS_MODE>0</AXIS_MODE>
<OP_MODE>8</OP_MODE>
<KUKU>'1073742336'</KUKU>
<DRIVE_ID>0</DRIVE_ID>
</RESOURCES>
</CATEGORY >
<CATEGORY NAME="Communication">
<RESOURCES NAME="a01">
<TIMEOUT>0</TIMEOUT>
<NUM_VARS>8</NUM_VARS>
<KUKU>'1073742336'</[KUKU>
</RESOURCES>
<RESOURCES NAME="a02">
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<TIMEOUT>0</TIMEOUT>
<NUM_VARS>8</NUM_VARS>
<KUKU>'1073742336'</KUKU>
</RESOURCES>
</CATEGORY >
<CATEGORY NAME="Misc">
<RESOURCES NAME="Global">
<DOHOMEALWAY S>0</DOHOMEALWAYS>
<SETPOSATTARGET>8</SETPOSEATP?ARG
<DONOTHINGATALL>'1073742336'</[DONOTHINGATALL>
</RESOURCES>
</CATEGORY >

We added theCUserParams cla$isat includes the following methods:

Openc¢ Opens the XML file, with specific attributesuch as:
o0 How to behave in case abt found variables,
o Open file for read/write purposes.
0 Print to console
A Warnings
A Full read / write log.
Closeg Closes the file pointed to the XML file and release resource used for parsing the file.
ReadHeader, Function that retrieves the version andefidescription.
Readc List of overloaded function that retrieves data to given variable. In some cases also
ensures that the data is not corrupt in the file by giving limitations to the read data.

Read double:

int Read ( char* pCtgryVal, char* pRsrc@air* pTagName,
double &dVal,
double  dDefault,
double  dMin=DBL_MIN, double dMax=DBL_MAX);

Read long:
int Read ( char* pCtgrVal, char* pRsrcVal, char* pTagName,
long &lVal,
long |Default,
long IMin=LONG_MIN, long IMax=LONG_MAX);

Read Boolean:

int Read ( char* pCtgryVal, char* pRsrcVal, char* pTagName,
bool &bVval, bool bDefault=0);

Readstring :

int Read ( char* pCtgrVal, char* pRsrc@adr* pTagName,
char* pStr, long ILen);
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An example for code that reads a file is as follows:
char * ctgrVal, rsrcVal, tagName;
ctgrval ="Profiler"; /* Refer to tag <CATEGORY> has value "Profiler" */
rsrcVal  ="a0l1"; /* Refer to tag <KRESOURCES> has value "a01" */
tagName = "SP"; [* Refer to tag <SP> into context define by ctgrVal & rsrcVat/
hlLISyoaidzl dzbEYE S FEIF3a0T
/* Look for Tag Name CATEGORY has value "Profiler", */
1* under it look for Tag Name RESOURCES havalue "a01" */
1* under it look for Tag Name SP and read its value */

ReadctgrVal,rsrcVal,tagName,a01.m_dVelocity,100000) ;

tagName = "AC";
/* Read the value of tag <AC>; in CATEGORY="Profiler"/ RESOURCES="a01"

*/
ReadctgrVal,rsrcVal,tagName,a0h_dAcceleration,100000) ;
tagName = "DC"; /* Look for tag <DC>; CATEGORY="Profiler"/ RESOURCES="a01" */
ReadctgrVal,rsrcVal,tagName,a01.m_dDeceleration,100000) ;
tagName = "SP"; /* Look for tag <SP> */
ReadctgrVal,rsrcVal,tagName,a01.m_dVelocity,100000) ;
tagName = "AC";
Readd ¢ OGANELF f SNENDxFf ZGF3IAbl YSZIIFamMmdYPR! OOSEt SNI i
tagName = "DC";
ReadctgrVal,rsrcVal,tagName,a01.m_dDeceleration,100000) ;

Alsog ReadAr for reading comma delimited arrays.aBkerefer to documentation for further
information.
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1.19 IECz Full Implementation of G -MAS API
The following new functions were added to the IEC, and are now available in this version release:

MMC_ConfigGeneralRPDO3
MMC_ConfigGeneralRPDO4
MMC_CancelGeneralRPDO3
MMC_CancelGeneralRPDO4
MMC_ConfigGeneralTPDO3
MMC_ConfigGeneralTPDO4
MMC_CancelGeneralTPDO3
MMC_CancelGeneralTPDO4
MMC_NetworkinfoCmd
MMC_GetErrorTableStatusCmd
MMC_MovePolynomAbsoluteCmd
MMC_MovePathCmd
MMC_MoveLinearAdditiveCmd
MMC_GetGroupMembersinfo
MMC_GetTotalFbDepthCmd
MMC_AxisLink

MMC_AxisUnLink
MMC_InitTableCmd
MMC_LoadTableFromFileCmd
MMC_AppendPointsToTableCmd
MMC_GetTablelndexCmd
MMC_MoveTableCmd
MMC_UnloadTableCmd
MMC_GetLibVersion
MMC_GetLastError
MMC_GetPDOInfoCmd
MMC_SendSdoAsyncCmd
MMC_PDOGeneralReadCmd
MMC_PDOGeneralWriteCmd
MMC_GetVersionExCmd
MMC_GetErrorCodeDescriptionByID
MMC_WriteGroupOfParameters
MMC_GetStatusRegisterCmd
MMC_GetEthercatCommStatistics
MMC_DwellCmd

1.20 Enhanced Version Read

Sy2dzakK FSI Gdz2NB
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We now return a string of up to 120 characters long, defining@HdAS Version, build and date.
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1.21 New Kinematics in GMAS
This section describes special robot transformations of which currently EImo supports the Delta

Robot. The special transformation converts the MCS kinematic directions to ACS kinematic directions
as fiown below:

Profiler <PCS=
X i Zz U v W Ml [ ## e e« MO 5
I I | I N I I | I
| [ LT
! -
— .
X L z U L W
| :
— =
\ ¢ i
T I I
"/ <MCS> To <ACS> Transfomm
Al | A2 | A3 | AL | AS | AR
T T T
»
= | | |
l\\_ [w v e Julw [ [uafwz]ma]ma]nusse [nzfua=a] s [o v [z Ju]v [w [a]a]as]ae]as Jas]

The Delta Robot is a type of Parallel Robot, with three parallel serial chains providing three degrees of freedom
to the end effector. The benefits of the robot are:

A High accuracy
A High speed dynamics
A Low inertia

The Special Kinematic can &gt in the GMAS, for both MCS and PCS coordinate systems, and all types of

MultiAxis motions and transitions are supported. The Limit handling mechanism also supports ACS and MCS
limits.

The GMAS can run a single Delta Robot in each vector, in up t@d®rs, meaning that up to 16 Delta Robots
can be operated at one time. Any mix of kinematic directions are supported. The units of the target position
(only in the A1AG directions) is the same as the units of the mechanic inputs of the robot.
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The kinenatic transformations on the ®AS convert the position and other kinematics from Cartesian space
to Joint space and vice versa. The transformations can then be defined as:

A Inverse Kinematic

A Direct Kinematic

In order to clearly define the Inverse abBdrect kinematics, it is necessary to define the Cartesian and Joint
spaces, the origin and orientation of the Cartesian space, and the direction of the Theta in the joint space.

z

Theta2
Positive i
Negat
Thetal Angle\Count A:gle\“(,:zunt
Direction Direction
N\
"

Defining Inverse and Direct Kinematics
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Vector
Profiler <PCS=
X A Z u W W M1 ww s w | NI 5
T T T T T 171 T
=PCS> To <MCS> Transform
X L z u v W
| L
T I
<MCS> To <ACS> Transform
AL | A2 | a3 | aa | s | ae 0 - QX A G@FH G
i — om T I'wm
L
\\- [ [ [& Ju [ [ ha ] [uz]rea]ns e [z Jus [wa] s Joc o [ Ju' [v Jwe [ a0 [A2] Az [aa]as [ae ] (I)O rl I'o

DefiningCartesian and Joint spaces
Inverse Kinematis

Inverse kinematic can convert the target position in Cartesian space to position in Joint space of the Delta
Robot. The inverse kinematic is performed in each real time cycle, during motion.

7 a Cartesian

) Joint Coordinat
Coordinate System Qint ~oordinate

Xo Yo, Zo|
Wa Yo, 20 System

a1

s :

Y

v™©

¥

k J

Direct Kinematis

Direct kinematics converts the target position in joint Delta Robot space to a position in Cartesian space. The
transformation is performed when the actual position of the end effector is read.
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(¥o Yo, Zo)

Joint Coordinate
System

Cartesian
Coordinate System

v

P

oz

L

v <

63

v
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Interfaces
In order © use the Delta Robot transformatiaghe user should define the following parameters

A Mechanical inputs of the robot; Arm length (a), ForeArm length (b), Base
Radius (Ra), and End Effector Radius (Rb)

A Teachingthe@ ! { (GKS al 2YAy3¢ LIRaAAGAZ2Y 2F (KS RNARAGS Syo?2
parametersCount to Angle ratio. The number of counts per one Arm
NE@2tdziAz2y o6H 0d ¢KS O2dzyd 2FFasSa G TSN Fy3ftSo

2alrad]

——— 0[rad]

-
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't LQa
C:
int  MMC_SetKinTransformEx (
IN MMC_CONNECT_HNDMConn,
IN MMC_AXIS_REF_HNDLhAXxisRef,
IN MMC_SETKINTRANSFORMEX *IpinParam,
OUT MMC_SETKINTRANSFORMEX_®gDutParam)
C++:

| CMMCEXxception |
typedef  struct
{

double dbArm;

double dbForeArm ;

double dbBaseRadius ;

double dbEndEffectorRadius ;
MC_KIN_NODE_DEFsNode[NC_MAX_ NUM_AXES_IN_NODE];
int  iINumAXxes ;

}MC_KIN_REF_DELTA

Transformation between spacesexample 1

Cartesian - space

200
150
100

50

-50

-100

-150
-200

-300

0

-250 +

Joint - space

60

40

20

——

o

VAYAVA' NS
W

Thetal

-20

Theta2

-60

A TA AT TAYELE
\ f \

-A0 |

Theta3

Jﬁ\lﬁvLAt

-80

Transformation between spacesexample 2
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This example shows the same motion in two different spaces, one in operational space (Cartesian) and the
other in joint space (angle displacement of each leg).

Operational space

Joint space

Thetad

Theta2 Thetat
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Example 1 Set kinematic of delta robot (only 3 delta robot axes)
MC_¥IN REF DELTA DeltaRobotHin;

ff Set Mechanic parameters (in mm)
DeltaRobotKin.dbArm = 160;
DeltaRobotKin.dbForefAym = 320;
DeltaRobotKin.dbBaseRadius = 50;
DeltaRobotKin.dbEndEffectorRadius = 40;

/f Bet the number of axes
DeltaRobotKin. iNumfxes = 3;

Sf Lesign the axes to kinematic directions

S Theta 1

DeltaRobotEin. sHode [0] .eType NC ACE Al AXIS TYFPE;
DeltaRobotKin, siode[0] .h¥ode = Axisk.GetRef():
DeltaRobotKin.sMode[0] .iMcsToAcsFuncID = NO TR SHIFT FUNC:

ff Theta 2

DeltaRobotEin.sHNode[1] .eType NG ACE A2 AXTS TYPE;
DeltaRobotKin. sNode [1] .hNode = AxisB.GetRef ()
DeltaRobotKin.sNode[1].iMesTokcsFuncID = NC TR SHIFT FUNC:

S Theta 3

DeltaRobotKin.sMode[2].eType = NC ACS A7 AXIS TYPE:
DeltaRobotKin, siode[2] .h¥ode = AxisC.GetRef ()
DeltaRobotKin.sMode[2] .iMcsToAcsFuncID = NO TR SHIFT FUNC:

Ff Set the encoder inputs

J/ Encoder to Angle ratio

Jf (encoder with 17 bits per one revolution)
DeltaRobotKin.sNode [0] .ulTrCoef[0] = 131072.0;
DeltaRobotKin. sHode [0] .ulTrCoef[1] 1.0/(131072.0);

DeltaRobotKin.sHode[1] .ulTrCoef[0] = 131072.0;
DeltaRobotKin.sHode[1] .ulTrCoef[1] = 1.0/(131072.0);
DeltaRobotKin.sHode [2] .ulTrCoef[0] = 131072.0;

DeltaRobotKin. sHode[2] .ulTrCoef[1] 1.0/(131072.0);
// Encoder offset - the caounts walue at 0 angle

DeltaRobotKin.sNode [0] .ulTrCoef[2] = ThetalOff=setCnt;
DeltaRobotKin.sMNode [1] .ulTxrCoef[2] = Theta2Off=etCnt;
DeltaRobotKin.sHode[2] .ulTrCoef[2] = Theta30ffsetCnt:;

GROUP. SetDeltaRobotKinematic (DeltaRobotKin) ;

Results are:

v01 Desired Position X v01 Desired Position Y 01 Desired Position 2

1596592 — T T T T 0 0 T T T T T T T

100000

-100000
A e s e A At it s Cartesian space

—200000

—400000

—426245—; | | | ! 1 | | ! | ! | I L
20837 4 [ 2 10 12 14 15.468
Time(sec)
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v01.Desired Position A3

v01.Desired Position A2

Joint space

15.468

14

0,133

v01.Desired Position Al
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Example 2 Set kinematic of delta robot with one service axis

MC KIN REF DELTA DeltaRobotKin;

J/ Set Mechanic parameters (in mm)

DeltaRobotKin
DeltaRobotEin
DeltaRobotEin
DeltaRobotEin

JdbArm =

160;

LdbForedrm = 320;
.dbBaseRadiu=s = 50;
LdbEndEffectorRadius

Jf Set the numker of axes

DeltaRobotKEin. iNunixes

S/ Lssign the

f/ Theta 1

DeltaRobotEin
DeltaRobotEin
DeltaRobotEin

f/ Theta 2

DeltaRobotEin
DeltaRobotEin
DeltaRobotEin

f/ Theta 3

DeltaRobotEin
DeltaRobotEin
DeltaRobotEin

= 4;:

40;

axes to kinematic directions

.2lode [0]

.=HNade [O] .
.=lade [O] .

.=sHaode [1].

.sHode[1]

.zlHade[1].

.sHade[2].

.zsHaode[2]

.sHade[2].

.eType
hifode

NC ACS A1 AXIS TYPE;
Axish.GetRef():
iMceToAcsFuncID = NC TR SHIFT FUNC:

eType = NC_ACS A2 AXIS TYPE;

hifode = AxisE.GetRef ()

iMesToAcsFuncID = NC TR SHIFT FUNC:

eType = NC_ACS A3 AXIS TYPE;

hllode = AxisC.GetRef () :

iMesToAcsFuncID = NT TR SHIFT FUNC:

f/ W axis - with linear transformation

DeltaRobotKin.sHaode[2] .eType =

NC PROFILER N1 AXIS TYPE;

DeltaRobotKin.=sMNode[2] .hNode = AxisD.GetBRef():

DeltaRobotKin.sHode[2] . iMcsToAcsFuncID = NC TR SHIFT FUNC:

// Set the encoder inputs

ff Encoder to Angle ratioc
ff lencoder with 17 bits per one revolution)

DeltaRobotEin. sNode [0] .ulTxrCoef[0] = 131072.0;
DeltaRobotKin. sNode[0] .ulTrCoef[1] = 1.0/ (131072.0);
DeltaRobotKin. sMode [1] .ulTrCoef[0] = 131072.0;
DeltaRobotKin. sHode[1] .ulTrCoef[1] = 1.0/(131072.0);
DeltaRobotEin. sMode [2] .ulTxCoef[0] = 131072.0;
DeltaRobotKin. sNode[2] .ulTrCoef[1] = 1.0/ (131072.0);
// Encoder offset - the cacunts value at 0 angle
DeltaRobotKin. sHode [0] .ulTrCoef[2] = ThetalOffsetCnt;
DeltaRobotKin. sHode [1] .ulTrCoef[2] = Theta2lffsetCnt;
DeltaRobotEin., sMode[2] .ulTxrCosef[2] = Theta30ff=etCnt;

ff Set parameters of the linear transformation of the

ff W amis

DeltaRobotKin. sHode [3] .ulTrCoef[0]
DeltaRobotKin. sHode [3] .ulTrCoef[1]
DeltaRobotEin. sNode [3] .ulTxrCoef[2]

= 10.0; ff A
1.0/(10.0):// B
5 ffc

FROUP. SetDeltaRobotKinematic (DeltaRobotKin) ;

Elmo

Motion

Control
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Resultsare:

v01.Desired Position Y w01 Desired Position Z w01_Desired Position N1

w01_Desired Position X

Cartesian

Joint space

]
e e et et e e T E

B i i it at e

Time(sec)

w01 Desired Position A3

w01 Desired Position A2

e —

1
& 82532

| | | | | | |
I I i I
5 6 7

161400

0.88104

w01 _Desired Position Al

478400 -

0.88104

-1.174

Time(sec)
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1.22 Ethernet/IP support in IEC

This version includes Ethernet/IP support in IEC. In addition to the profiles support (Not yet
supported with EA§ Basically gives the ability to map a specific tag to a paranmetsezad of
KFEgAay3a G2 OFrftf 1tLQa G2 R2 GKS ¢g2NjJuvz ¢S KI @S |
¢CKS fAal 2F 'tLQa Aa la Ftft2gpay

- ELMOEIipOpenSessiqQpens an EIP session according to XML file supplied.

- ELMOEipGetTagReReturns a reference ttag ((Either assembly, device or adapter tag).

-  ELMOEipTagRead / Write tag (Either assembly, device or adapter tag).

- ELMOEipTagArrag Read / Write tag Array(Either assembly, device or adapter tag).
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1.23 Async Reset Command
In addition to the MC_Reset ARkt already exists in the-BIAS, we added a new function by the
name of:MMC_ResetAsyncThis function is asynchronous, and returns immediately. Once the axis
is initialized, the NODE_INIT event is sent to the user. This is important for systems thia fast
responses whilst one of the nodes in the system is being initialized.
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1.24 Additional Parameters Support in the G -MAS
The following parameters were added to theMAS Parameters list:

Enum Value | Meaning

MMC_ETHERCAT_DRV_OUTPUT 78 | Ethercat DriveDigital Output Parameter. Can b
used instead of the MMC_WriteDigitalOutputs
API. Can be used with the
WriteGroupOfParameters API together with th
FRYAYAAUGNI GADPS C. Qao
MMC_DIGITAL_INPUT_LOGIC 79 | Ability to modify the Digital Inputs logic receive
by the GMAS. Mainly for 3rd party drives with
no ability to change on target.

MMC_IS_FATAL_ERROR 80 | Flag stating whether the GIAS is in fatal Error.
MMC_LAST_SYSTEM_ERROR 81 | Returns the last system Error
MMC_LAST_NODE_INIT_ERROR 82 | Returns the last nodmitialization error.
MMC_LAST_SDO_ABORT_RAW_DAT 83 Returns the last SDO abort error, if it occurred
MMC_SPEED_OVERRIDE 84 | Ability to change the speed override of an axis

via the parameters interface, without having tg
call the SetSpeedOverride AWlainly used with
the WriteGroupOfParameters API together wit
GKS FTRYAYAAGNY GABS C.
MMC_FAST_REFERENCE 85 | Ability to download the position (S, Actual or
target) to a different drive on the network.
Please refer to the Fast Reference chapter.
MMC_SETACDC_PARAM 86 Current AC/DC

MMC_DIGITAL_INPUT_PARAM 87 | Returns theDrives Digital Input. This gives the
ability to use the WaitOnConditionFB with this
parameter, and mask specific bits.

MMC_CAN_DRV_OUTPUT 88 | Same as/MC_ETHERCAT_DRV_OUTPRUt for
CAN.

MMC_DS402_CONTROL_WORD 89 | Read only Control Word value

MMC_DS402_STATUS_WORD 90 | Read only Status Word value

MMC_STATUS_REGISTER 91 | Read Only Status Register. Value returned in
MMC_GetStatusRegisterCmd API.

MMC_MCS_LIMIT_REGISTER 92 | ReadOnly Limit Register. Value returned in the

MMC_GetStatusRegisterCmd API.
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1.25 Fast Reference Support to Drive
A new capability in the ®IAS, is the ability to send the position of an axis to a different axis on the
Ethercat Network. One of the following che sent:

- Actual Position.

- Target Position

- W Position along the path (Group axis can send the position along the path to a specific
axis, used mainly for >2D compare abilities).

The data is inserted to the FAST REFERENCE 0x2005 in the drivdnaathatdrive do with it ? it
all depends on the implementation. It can be mapped to a socket, and then used in a gain scheduling
GroftSeo LG Oy 0SS dz&ASR a |y [dzEAEfALFINE LRAAGAZY N

In order to work with the FAST_REFERENCE, it must be of coursedmapthe Ethercat
Configurator.

The User must define how he wishes to work: Which axis Reference to download the data to and
which parameter to map. This behavior is changed by accessingNtte FAST REFERENCE
parameterin the parameters list, where:

The 16 MSb of the parameter hold the AxisReference of the target. The LSb can hold one of the
following:

1- TargetPos
2 - ActualPos

3 - SPosition along the path.
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1.26 Bug Fixes in this Version
The following lists the bug fixes in this versi&or moreinformation, please contact us

2693 1.1.1.8B1
2692 1.1.1.8B1
2127 1117
1975 1116
144 1117
148 1116
215 1115
214 1115
202 1116
747 1115
786 1116
1249 1117
1329 1.1.1.8B1
1324 1.1.1.8B1
1459 1117
1490 1.1.16
1495 1117
1499 1.1.16
1531 1.1.16
1652 1117
1654 1116
1674 1117
1753 1116
1752 1116
1751 1117
1744 1.1.1.8B1
1728 1.1.16
1798 1.1.16
1794 1.1.16
1787 1117
1765 1115
1762 1115
1820 1116
1828 1116
1834 1117
1839 1117
1840 1115
1843 1117
1844 1117
1845 1117
1846 1117
1874 1.1.16
1873 1.1.16
1871 1116
1870 1116
1924 1115
1920 1115
1919 1.1.1.8B1
1916 1115
1915 1115
1912 1115
1925 1115
1938 1115
1940 1115
1942 1115
1943 1116
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1944 1115
1952 1116
1958 1116
1965 1116
1967 1116
1970 1116
1971 1117
1972 1116
1977 1116
1978 1116
1983 1116
1984 1116
2012 1116
2017 1116
2022 1116
2024 1117
2033 1116
2034 1116
2035 1116
2109 1117
2134 1117
2150 1117
2265 1.1.1.7
2352 1117
2354 1.1.1.7
2357 1.1.1.7
2469 1.1.1.7
2470 1117
2471 1117
2473 1117
2482 1117
2512 1.1.1.8B1
2569 1.1.1.8B1
2700 1.1.1.8B1
2703 1.1.1.8B1
2782 1.1.1.8B1
1930 1115
1909 1115
1913 1115
1869 1116
1726 1116
1534 1115
1212 1117
234 1115
231 1115
141 1115
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Release NotesNew Firmware Version for GMAS

Versionl.1.1.4 and Library Update 232

1. General
¢ K 8lma@ge v1.1.1.4 2012 10 02.gé1s A& | yYS@ FANNXGI NBE NBfSIasS 7;
Motion Controller, which supports the following new major features:

1. NetworkInfo shall be updated once heartbeat on axis is thrownsiadl reflect the true
state of the device.
2. Event once an axis returns to network (once boot up is sent from deviser will receive
notification).
Error State cancellation for DS401, DS406, DS301 option as per parameter that must be set.
Enhanced FULEmergency message including the Vendor, Error Code, Error ID.
Event to user once Bin Interpreter or SDO reply arrived.
Spline support for zero speed segments, on PT Splines.
Modulus support for Virtual Encoder following a virtual axis with positions >.32bi
t5h YR {5h AYyAGALFLtATIGA2y&a Oy 6S R2yS FTNRY
in devices preoperational mode.
9. Updated functions for setting and reading the digital output parameter in the CPP library.
10. Ability to bind a specific port inNOIMCUDP CPP class to listen / send messages on in able to
promise that the GMAS will always use the same port in the user program.

©ONOoO AW
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1.1 Networkinfo Reflecting true status of CANopen device

The Networkinfo structure that is returned as part of & C_NetworkhfoCmdfunction
now updates whether the axis 'disappeared’ from the network. This feature, is of course
available only in conjunction with the Heartbeat mechaniffthe GMAS ceased to receive
the heartbeat from the device, the Networkinfo structure sheflect this. If the Heartbeat
mechanism is not initialized, the NetworklInfo structure will not be updated.

1.2 New Notification when device is powered on
A new event type is now defined:

#define NODE_CONNECTED_EVT 18

This event is called once the user configureddkent bit (bit 18, 0 based) to return an
event. Once this bit is set (in thdMC_OpenUdpChannelCrnod MMC_SetEventsMaskCmd
functions) an event is triggered to the usPtease refer to User manual for sdecbyte
definition.

1.3 Error State cancellation for DS401, DS406, DSBf/ces

There are CANopen devices (DS401, DS406, DS301) thansergEncy warningnessages.

In this case, the GMAS enters the ERROR_ST&INEL0 be exited by calling the
MMC_Resefunction. In order not to enter the ERROR state when an emergency is sent by
the device, a parameter can be set. This parameter can be called via the user program, or
can be saved to flash.

The enumeration of the parameter BMCY_SET_E&MI can be foundih the
MMC_PARAMETER_LIST_ENtédp (MMC_general_APh

The parameter can be read/set by calling M&C_ReadBoolParametér
MMC_WriteBoolParametefunctions.

Setting the parameter to 0 will cancel the entrance to Error State. the default value is 1.
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1.4 Enhanced FULL emergency message

There is now support for additional information in the emergency callback. Now the callback
also includes the error register and theanufacturer specific error code. Please refer to

User manual for specific byte definition

Notes:

- Please follow the size of the callback message returned in order to determine if
supported in the version you are using.
- This is not yet supported for Ethercat.

1.5Event to user once Bin Interpreter or SDO reply arrived
Users who wish to work in aventdriven environment can now send SDO's &iadary
interpreter (CAN Only) and receive an event once a reply arrived to the GMAS.

This event is called once the user configured the event bit (bit 19, 0 based) to return an
event. Once this bit is set (the MMC_OpenUdpChannelCrnod MMC_SetEventsMaskCmd
functions) an event is triggered to the usBtease refer to User manual for specific byte
definition.

1.6 Spline Support for Zero Length Segments
There is now support for spline files including Zero lengtineents. This is supported for
Paosition + Time (PT) based Spline files such as the following Spline file:

Spline Mode: 1
Spline dimension: 3

Number of spline points: 991

Spline data start
0.03333 76.200 76.200 0.000
0.03333 76.200 76.200 0.000
0.03333 76.200 76.200 0.000
0.03333 76.200 76.200 0.000
0.03333 76.200 76.200 0.000
0.03333 76.200 76.200 0.000
0.03333 76.200 76.200 0.000
0.03333 76.200 76.200 0.000
0.03333 76.200 76.200 0.000
X
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1.7 FULL Modulus support for Virtual Encoders

The virtual encoders now support the following of a virtual axis where the position of the virtual
axis

> 32bit (MAX_LONG).

The user can now define a modulus value on the virtual encoder, while following a virtual axis
whose value is larger than MAX_LONG.

1.8 GMASResource fileg now a CAN initialization resource file

The resource file of the GMAS now includes CAN POOiditializations, SDO downloadsll in
the

CANopen preoperational mode.

This is exceptionally good for novices who find it diffiasing the GMAS APIs for initializing
PDO and SDO's. There is still no EAS support for this feature yet.

1.9New overloaded CPP functions for Digital Output handling
There are new CPP functions for handling digital outputs (irrelevant if it is CAN or Ethercat)

1.1Binding of UDP Ports to specific GMAS port in MMCUDP CPP Class.

The UDP class we have today, is more for EOE support, and was designed as such. Modifications
were made on this class, where the user can define the port the GMAS is to listen on / send data
from.

The Create function now includes an additional, optional, parameteGMASUDPPort. The
default is 0.

m_udp.Create("192.168.1.33",6006666) ;

So, in the line above a socket is created to send data to 192.168.1.3. Data will be sent to port
6000 fom port 6666 (or / and will listen for data on port 6666).

In future versions, there is to be support for FULL TCPIP/UDP client/server functionalities.

Release NotesNew Firmware Version for GMAS
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Version 1.1.1.1 and Library Update 229

1. General
¢ K 8lmage_v1.1.1.1 2012 07 22.gévs A a | ySg FANXSGI NBE NBfSIFasS 7F:
Motion Controller, which supports the following new major features:

1. Numerous bug fixes around closingppening the Multiaxis proces#/aiting for the LPT
before exiting.

2. PVT budixes.

3. 0x6071 is downloade¢k O)via SDO only in case we exit from CYCLIC_TORQUE during DS402
change mode.

4. CPP support for PVT.
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Release NotesNew Firmware Version for GMAS

Version 1.11.0 and Library Update 228

2. General
¢ K 8Ima@ge_v1.11.0_ .gmstis a new firmware release for the GMAS Master Motion
Controller, which supports the following new major features:

5. New Ethercat Supported Features
0 Cyclic Velocity Support
0 Cyclic Torque Debug support.
o New Real Time PDO variables were added
6. Motion LimitsHandling Support in GMAS
7. CAN Bulk Uploakiandling.
8. SSpatialpath.
9. 6" order Polynomial Support for Corner Deviation Transitions
10. New List of parameters that can be read
11. New Personality.
o Additional recording parameters.
o Recording parameters as per group.
o Drive emergencies.
12. PVT Support in GMAS.
13. Ability to read emergenciegasonfrom driveAPI

14. Improved functions:
0 mmc_enablemotionendedevent.
o mmc_disablemotionendedevent
15. Changes related to Parameters file
0 When theuser setaparameter out of limitg the default value is set.
o Parameter is inserted to the file according to type.
0 Version is added to the parameters file.
0 RAM Snapshot creationThe user may now upload a memory snapshot of the
GMAS parameters.
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16. New error codes related to
o SW/HW limits
0 BulkUpload
o PVT
17. New variable + API tead the newStatusRegistevariable andata recordingupport for
the new status register
18. ACStoMCS and MCStoACS improvements.
19. Special Assign and Special retrieve functionality parameters
20. Give FB's additional properties:
0 Check Limits,
o Allowmotionwhen in limit

21. Reducd cycle in Ethercatlata recordingdue tocode optimizations.
22. IEC programming enhancements.
23. GMAS Home on block support
24. Enhanced and New 'C' and CPP API's
o0 CPP library

A New CPP overloaded functions for SirgB&roup motions

A Default constructor value fogDirectionparameter in the
MC_MOTIONPARAMS_SINGLE class.

A NewCMMCMotionAxis class for mutual Single and Group motion activities
such as EAM PVT.

A NewCMMCPVT classipporting PVT functionalitySuch as Loadble,

InitTable, AppndPoints.
A Bug fix I"CMMCPPGIobalass; the Singleton class did not properly release
the instance. The deallocation of the instance caused a stack overflow.
A CMMCMessages not a member o€EMMCPPGIobalass in case of win32.
This meas that currently, obtaining the reason for the last error is not
available via win32.
o Cllibrary

A All new Error codes were updated in the MMC_ Definitions.h file.
#defineNC_HIGH_LOW_SW_LIMIT_CONTRADICTION (-211)
#defineNC_MOTION_FORBIDDEN_ON_HW_LIMIT (-212)
#defineNC_MOTION_FORBIDDEN_ON_ACS_SW_LIMIT(-213)
#defineNC_MA_FORBIDDEN_DIRECTION_ON_ACS_LIN{T14)
#defineNC_MOTION_FORBIDDEN_ON_MCS_SW_LIMIT(-215)
#defineNC_SA_MOTION_TOWARD_SW_LIMIT_FORBIDEEN)
#defineNC_MA_MOTION_TOWARD_SW_LIMIT_FOERIX-217)
#defineNC_SA_FORBIDDEN_DIRECTION_ON_LIMIT  (-218)
#defineNC_MA_FORBIDDEN_DIRECTION_ON_MCS_LINP1L9)
#defineNC_BULK_UPLOAD_SIZE_DOES_NOT_MATCH (-220)
#defineNC_BULK_UPLOAD_SEND_ACK_FAILED (-221)
#defineNC_PVT_ECAM_FAILED_TO_OPEN_FILE (-222)
#defineNC_PVT_ECAM_FAILED_TO_PARSE_HEADER (-223)
#defineNC_PVT_ECAM_UNCOMPATIBLE_TABLE_MODE224)
#defineNC_PVT_ECAM_FAILED_TO_PARSE_DATA  (-225)
#defineNC_PVT_ECAM_TABLE_ALLOC_FAILED (-226)
#defineNC_PVT_ECAM_DIMENSION_DOES_NOT_MATGER7)
#defineNC_PVT_ECAM_MEM_HANDLE_OUT_OF_RANGE28)
#defineNC_PVT_ECAM_UNALLOCATED_SEGMENT_ERROR
#defineNC_PVT_ECAM_NUM_OF_PTS_DOES_NOT_MATA3H)
#defineNC_PVT_ECAM_PATH_FOR_ANOTHER_AXIS (-231)
#defineNC_PVT_ECAM_AT_LEAST 2 PTS_REQUIRED(-232)
#defineNC_PVT_ECAM_JOURNAL_HANDLE_OUT_OF_R238}E

#defineNC_PVT_ECAM_INVALID_FILE_NAME (-234)
#defineNC_BUFFER_INSERTION_FORBIDRENMDT  (-235)
#defineNC_TORQUE_OUT_OF RANGE (-236)

#defineNC_PARAMETER_INDEX_OUT_OF RANGE  (-237)
#defineNC_CANNOT_DEFINE_SAME_NODE_TWICE  (-238)
#defineNC_PVT_ECAM_INDEX_RETRIEVE_FAIL (-239)
#defineNC_PVT_ECAM_INDEX_IS_CLOSE_TO_CURRENI40)
#define NC_PVT_ECAM_TABLE_IS_NOT_INITIALIZED (-241)
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#defineNC_PVT_ECAM_OVERFLOW_TABLE_ERROR (-242)
#defineNC_PVT_ECAM_START_INDEX_OUT_OF_RANG243)
#defineNC_PVT_ECAM_END_INDEX_OUT_OF_RANGE(-244)
#defineNC_PVT_ECAM_NO_POINTS_IN_TABLE (-245)
#defineNC PVT_ECAM_NOT_ADJACENT_APPEND  (-246)
#defineNC_PVT_ECAM_UNDERFLOW_THRESHOLD_TO4BIG

A Updated recording parameterslC_REC_PARAM_NAMES_ENUM
A New parameters were updated in tHdMC_PARAMETER_LIST_ENUM

MC_MAX_CURRENT_PARAM =56,
MMC_LIMIT_STOP_DECELERATION =57,
MMC_LIMIT_STOP_JERK =58,
MMC_SET_VECTOR_VELOCITY_PARAM =59,
MMC_MCS_SW_LIMIT_LOW_POS_ARRAY =60,
MMC_MCS_SW_LIMIT_HIGH_POS_ARRAY =61,
MMC_MCS_S_DIRECTION =62

A New functions:

1
1
1
1
1
1
1
1
1
1
1
25. Bug Fixes:

o]

o]

o]

o]

necessary.

o O

GetErrorCodeDescriptionByIA nav function that returns a

textual description and resolution for an error or drive emergency.
GetGroupMembersinfa; A new function that returns information
(ID, name, axis references) for all physical axes within a Group axis.
GetStatusRegisterCmglA newfunction that returns the Status
register of the axis. The Status register currently holds information
regarding the HW and SW limits of the Single / Group axis.
StartBulkUploadCmad Starts the CAN Bulk upload sequence.
GetBulkUploadStatusCmg Retrieves he CAN Bulk Upload status.
GetBulkUploadDataCmd Retrieves the Bulk Upload data.
LoadTableFromFileCmglLoads a PVT / ECAM file.
AppendPointsToTableCmglAppend user points to array.
InitTableCmd- Initialize PVT / ECAM table.

MoveTableCmd;, Start a PVTECAM motion based on the points
loaded.

UnloadTableCmd Unload PVT ECAMable.

Wrong place of parameter updating "uclsArcinserted"

Ability to work with N axes move linear relative function

Ability to work with N axes using Circle mddengle".

XQ binary interpreter bug fix. Additional UDP message was sent even though not

Referencing released pointer in reactor bug fix.
The rounding of number(iPos) caused an offset of 1 in case of negative number.

o Triggering Actual Currentim®w available (but its units are in mAmps when being

triggered ).
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The GMAS now also support the Cyclic Velocity and Cyclic Torque DS402 operation modes.

M

(B07Ty) (B07T7R)
Welocity actual valus ‘felocity actual valus
(B06C, ) (B06C:)
Position actual value
(E084.)

Position actual valus

Cyclic synchronous torque mode overview Cyclic synchronous velocity mode overview

New Ethercat Supported Features

0 Cyclic Velocity Support. This mode is obtainable by changing the Operation mode to
Cyclic VelocityThe relevant map able DS402 objects must beiitalized(Object
60FF Target velocity CommandsyVhen calling thévloveVelocityAPI and the axis
is incyclic velocitpperation mode, the 60ff object is updated according to speed
sent in motion profile.

0 Cyclic Torque Debug supportThis is not the full feature to be supported by the
GMAS, but only a debug mode. This mode is obtainable by changing ¢natiop
mode toCyclic TorqueThe relevant map able DS402 objects must beiqitalized
(Object 607% Target torque Commands). The modetusrentlysupported by calling
the MoveAbsolute / Relative / Additive function blocks. The rated toligsent,so
it is under the user's responsibility to keep the rated current within permitted limits.

o New Real Time PDO variables were add#inject 60BL, Velocity Offset: With this
new object mapping, the user can now benefit from better motion interpolation
algorithm within the drive when working in Cyclic Position Mode. This allows
smoother motions, and clean acceleration (current) féedvard gains to be used
inside the drive for ultimate servo and motion performances.

0 Object 60BZ; Torque Offset: Using th object mapping, the user can now-tive-fly
change max torque limitations within the drive. This can be used forlvdgraling
applications for example, where at certain motion segments, limited torque motion
is required. Object 6074 Target Torque an@®bject 60FF Target velocity
Commands: These objects are used for the Cyclic Velocity and Torque modes
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2.2 Motion Limits Handling Support in GMAS

The GMAS now fully handles both Software and Hardware Motion limits. This important new
feature, further improes the application protection capabilities when working with the

GMAS as a Mulhxes controller.

The Limits Handling mechanism is implemented in atval/can prevent illegal motion
insertion. This means thdtthe user tries to command a motion (in ledr position or

velocity modes), which is beyond the allowed motion limits, the motion will be rejected with
an appropriate error code.

This new important feature applies to:

- Single Axi$/otions: NC and Distributed motions.
- Group AxeMotions:
0 ACSK; Axis oordinate system.
0 MCS Machine coordinate system (CartesiatY% X 0 &

NewAXxis statusesvere added, forSingleaxis andGroups, to report to the user the exact
axis limits status.

All limits statuses are available inttie. dzf { w S | R éto alfodzfa antl nghediata &
information upload of around 30 axes in a single-T’CPacket (less than OrBillisecond$.
User can registeEvensto user programnswhenan axisis stopped due to limit.

Please refer to full documentation regarding this featu

1.1 CAN Bulk Upload Support

An improved bulkmode upload data recording format has been developed and added to the
Gold Drives and GMAS CANOpen protocol.

This is an enhancement to the standard 38 Segmented SDO upload. The CAN Upload
mode acceleratedata uploading from the gold drive by factor of ~x10 compared to the
standard Segmented SDO upload mechanism. This is mainly used for fast Data Recording
upload process (used by the recorder), and in the future will also support theSkoyee
capability n Drive level.
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The following benchmark table describes the expected uploading time of a 64 kB buffer from the
drive to the PC using the GMAS CAN Bulk Upload mechanism

CANBaud rate Bus Bus Total
load load Communication
(CAN (TCPIP Time
125 Kbit/s 31% 55% 28.47 sec
250 Kbit/s 44% 38% 10.4 sec
500 Kbit/s 56% 25% 4.3 sec
1 Mbit/s 76% 12% 1.443 sec

Please refer to full documentation regarding this feature.

1.12D and 3[Cxpatial Trigger Generation

The GMAS can now export its internal spatial 2D opréflle position and velocity

information to a drive on the network, using the standard Target Position (607A) and
Velocity Offset (60B1) objects.

The spatial position profile, designated as "S" group member within the GMAS, represents
the distance alonghte path of 2D and 3D spatial motions. It starts from "0" at the beginning
of any new Groupyector motions, and is accumulated over the spatial motion profile (over
all motion segments or function blocks). The 'S’ member must be 'mapped’ (using the
SetKinenatic function), and an MCS motion function is to be called.

Specific new Reset function is available to clear the value of "S" if needed. This is called by a
standard Group Parameter assignment (SetParameter CPP function) to the
MMC_MCS_S_DIRECTIiad¢x(62) within theMMC_PARAMETER_LIST_EN&tM
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The main usage this feature is to support spatial 2D or 3D position based triggers to laser or
other measuring equipment

In the example below, the 'S direction is mapped to'b01' axis. Full correlatiobectound
between the S desired position and b01 desired position.

The same applies to Velocity and AC/DC parameters.

bOY.Desued Position 602 Desied Postion 403 Desied Postion  v01 Desired Position §
720000~ 09969

wwwww

Tesefsec] Tene{sec)

339882 —

03 Desired Volocity  vO1 Desired Velocty 5
0

300000

Voloc
200
100 \
o
0 2 ‘ 6 8 10 X

“160997 -, i P 1 1 i | i | i i e ~60000,
Tewe{sac) mesec)

BOTACADE 02 AC\DC BUJACADE 01 Desised AC_DC S
1189508 ~

1330000~
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1600000~

$00000 $00000~ A

o o

o000 ~£00000 = v
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-1000000 =

~1109500 -, | i i | | | | | | J— =1330000 = i [ | i }

2 ‘ " 1% 1 2 2 u 5 0 2 ‘ 5 8 10 1

" e 1 2

oirarl

1.2 GMAS Personality Data Base Support

The GMAS can now export its own Personality Data Base file to users. The EAS (EImo
Application Studio) is using products Personality Data Base to match tools behavior to

specific target versions.

Users, in addition can now benefit from the advanced ehamdling and diagnostic

reports that are also included, to trap and report system, network and drive error codes
and descriptions.

The following information is now coded in the GMAS personality Data Base:

- Recording vectors per category.

- FULL GMAS parametiést and description.

- GMAS Error codes with descriptions and resolutions.
- Drive Emergency Codes
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1.36™M order Polynomial Spline Support for Corner Deviation
Transitions

In orderTo thereach variety of 2D and 3D motion options supported by the GMASawe
now added a 8 order polynomial "Corner Deviation" Transition mode that allows
completely smooth motion over line to line and Circle to line motion segments.

The new mode of operation is a completion to the already availdbler&er spline

algorithm that is used for other transition modes. With this new option, all GMAS motion
and transition mode options guarantee smooth velocities and acceleration over all motion
profiles, for better overall motion
performances.

. Transition Parameter
End point of FB1

Start point of FB2

End point of FB2

kgtm point of FB1 \

1.4 New Motion Modes for PVT

The GMAS now fully supports both Spline (arbitrary Position Table Points), and PVT
(Position/Velocity/Time) motion profiles.

0 Splines can be used when a position motion profile is known in advance, but without
any velocity or time information. The GMASIwalculate motion speeds with the
given system constraints, and will execute a smooth motion profile (position /
velocity / acceleration are continuous), with a cubic polynomial interpolation
method.

A Spline motion is supported for groups, with up toa¢és.

o PVT motion can be used when the user has on the fly motion profiles changes, and
when both position and velocity are specified. The GMAS will interpolate a cubic
polynomial motion profile for each 3 input segments. All The PVT profile information
canbe given in full double precision floating point formats.

A PVT is supported for both Single and Group aixelsath ACS and MCS

modes.

Both Absoluteand Relative positions and timing can be defined.

Large cyclic (option) PVT memasclic buffers:

1 SingleaxisPVT motion buffer > 40K points (of motion segments!)

1 3 AxesPVT buffer size 17Kmotion segments.

1 16 AxeVT buffer size 3Kmotion segments.

PVT Motion Modes:

i Static mode; Based on a file or table points.

1 Dynamic mode, Based on table points, sent on the fly to GMAS.
Head / Tail event mechanism is availalalethis operationmode,
for practically infinite motion profiles execution.

>~ >~

>~

Please refer to the full PVT documentation for further reference onntude.
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1.51EC Features andodifications

The following new enhancements are now included within the GMAS IEC programming
tools:

- Ability to compile the IEC to Releasedd/ Q : O2 RS
0 Much faster execution for release code.
0 This feature will be supported by théE IEC environment in the near future
- Profileg! 6AfAGeE (2 WYIFLIQ Iy L9/ @FINARIofS (2 ¥F2ff?2
o0 10¢ (DS401, DrivelO).
0 Modbus parameters.
- On the flychange of image:
o0 This powerful feature allows the user to change their code while system is running,
maintan global variable values and code flow.
0 This feature will be supported by the EAS IEC environment in the near future.
- BothColdandWarm Startsare now supported

Changes were performed to the existing Function blocks. There should be no issue of
backwardcompatibilities here.

DONE bit was removed, and instead a valid bit was added (in the location of the previously
existing DONE bit) from the following Function Blocks / Functions:

0 MC_ECATIOReadAnaloglinput
0 MC_ECATIOReadDigitallnput
0 MC_GetReactorStatistics

DONE bit was removed, and instead a valid bit was added to the end of the Outputs list, in
the following Function Blocks / Functions:

0 MC_GlobalReadBoolParameter
0 MC_GlobalReadParameter

New Valid bit added to the following functio block:
0 GetOpMode

New Function Blocks

o MC_PathSelect
o MC_MovePath
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ElmoTypes Modifications and additions:

NC_ARC_SHORT_LONG_ENUM: Add MC_NONE_ARC_CHOICE
NC_AXIS_IN_GROUP_TYPE_ENUMMajor modification
NC_PATH_CHOICE_ENUM: Add MC_NONE_PATH_CHOICE
NC_TRANSITION_MODE_ENUM: Added:
MC_TM_CORNER_DIST_TC_POLYNOM
MC_TM_CORNER_DIST_CV_POLYNOM3
MC_TM_CORNER_DIST_CV_POLYNOM5

New Enable bit instead of Execute bit were added to the following functibocks:

ElmoGetFloatArr
ElmoGetFloatParam
ElmoGetintAr
ElmoGetIntParam:

O O oo

In the MC_ReadStatus new Pending bit was addéal the end of output list

The following API's were removed:

0 MC_ReadDigital32BitOutputs
o0 MC_ReadDigitalOutputs

PLC Open adjustments

Smalladjustments were made to the inner stateachine of the function blocks, in order to
be 100% compatible with PLCpen standard.

With Execute¢ KS d52y S¢€3 GONNBNESX G9NNRBNL5¢ | yR
NEaSli sAGK GKS FrHfftAy3d SR3IS 2F G9ESOdziSé o
not stop or even influence the execution of the actual FB. It must be guaranteed that

the corresponding outputs are set for at least one cycle if the situation occurs, even

if execute was reset before the FB completed.

If an instance of a FB receives a new exetgfore it finished (as a series of

O2YYlIyRa 2y GKS alyYS AyaiulyoOSosz G4KS C. ¢2
W/ 2YYlFYR!I02NISRQS F2NJ GKS LINB@Az2dza | OGAz2Y

WithEnable ¢ KS a+F f ARES a9yl 6f SREST a. dzaeé s 9 NN
withtheF I f t Ay3 SR3IS 2F a9yl o6tSé +a az22y | & Lk
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1.6 GMAS Home oBlock Qupport

This new additional Homing method allows users executing aibuiftboming method on
mechanical Hard Stop, when no limits or index is available. The method is defined by the
PLCOpen Standard. Users can define the homing speeds, Max Torque limitation for the
hard-stop, travel limit, and timeout for the process.
The new function is also supported by the underplayinglD&at drive level as well.

HomeSteplnstance

MC_StepBlock
CarriageDrive J a i F (-) E (+)
UserStartinput - esecute Done - HomeOK Cutput
MC_Negative - Direction Error - HomeErrorQutput
0.5mis o velosity Busy |
L Command
0. 1Nm < TorgueLimit e VELOCITY
205 o TimeLimit ErrorlD |- TORQUE _ Limit level
200mm 4 pistanceLimit Condition for Y forqueLimit leve
Time g Gl S0 e s 5% of velocity
0 The standard GMAS API Home[Si#Qused.

0 The homing methods to be sent are as follows:
A Reverse Home On Blo€k -1
A Forward Home On Blogk -2

0 The torque limit should be always positive.

0 The distance limit should be always positive.

Release NotesMaestro Rev x 1 7 0 ver 2.docx Page2200f 298



'd
Elm5

Motion Control

Release NotesNew Firmware Version for GMAS
Version 1.1.0.6
And Library Update 226

1. General
¢ K 8lma@ge v1.1.06 2012 @ 14gms A& | yYSg FANNGI NBE NBfSIasS 7T;
Motion Controller, which supports the following new major features:

1. Addition of the following API's to 'C' and CPP librgja@sl of course support in GMAS):
MMC_GetErrorDescriptionByIBThis function receives an error / warning code and returns
the description and resolution for this error/warning.(taken from the Personality file)
MMC_GetGroupMembersinfe The function returns informationegardingthe members of
a desiredgroup:

0 Number of axes in group (members).
0 Axisnames.

0 Axisreferences.

0 Device ID's.

2. CPP Error HandlingNew functionality was added to the error handling in CRRen we
register the RTERinction callback we should define whether we want to close the program
in case of error or not.

3. New functionalities were added to th&eétKinTransforrhfunction:

a. New error €203).

We currently do not support the following axis direction types:
Polar type (U,V,W).
S type.

In case the user tried to configure an axis to one of the unsupported types an error
will

be generated (NC_KINEMATIC_DIRECTION_NOT_SUPP@RIEFD (
b. New error (-204)

When you work witlthe 'N' axestype, the user musinake sure thathey were
defined consecutively. If the user chooses to use 3 N axes, the w®uld choose
the N1,N2,N3 axes.

The order of the Kinematic definitiadobesnot have to be in the order of "N" axes
definition.
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So you can define the Kinematis N3,N2,N(as long as there are no 'holes'

Example:
Good: (N1,N2,N3), (N1,N2,N1), (N1,N3,N2)
Bad (N1,N5,N6), (N2,N3,N4), (N3,N2,N3)

If the N axesvere notdefined consecutivelyan errorwill be generated
(NC_N_AXES_ARE_NOT_CONSECQUWE (

C. New error (-207)

Currently, wedo not support the case when thmumber of axes that participate in
the kinematic group is smalléhan number of axes in the group.

If the usertriesto defineaKinematic (using SetKinTransform function)
where the number of axes in the kinematic graggmaller than number ahe

members in the groupthe following error will be generated
(NC_ALL_AXES_SHOULD_BE_IN_KINERAT)XC (

d. New error (-208)
The GMAS does netipporta definition of only oneCartesian direction.

The GMAS doa®mt supporta Cartesian coordinate system with only one
direction(X,Y or Z).

If the usertriesto definea Kinematic with Only one Cartesian directitime
following error will be generatedNC_NOT_SUPPORT_ONE_CARTESISN
208)).

In this case you can simply run the linear FB's in ACS mode.

The disadvantage of using ACS is that you cannot use the transformation
mechanism.

Another solution for this case is to use this axiaad' axis.
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e. New error (-209)
Currently, we support only the following coordinate systems:
* ACS.
* MCS.

If the usertriesto anyother coordinated system (PC8je following error will be
generated( NC_NOT_SUPPORTED_COORDINATE_SX08TEM(

f. New error (210)

No Blendingsupport in ACS mode.W&h insering aFunctionBlockin ACS modgeo
blendings can be set

Please set all ACS FB's:
* In buffered or abortion mode.

* Without any Transition mode, with the exception of
MC_TM_NONE_MODE.

If the usertriesto set any bkndingmodein ACS modehe following error will be
generated: NC_NOT_SUPPORT_BLEND_TRANS_OR1LAELS(

g. SetKinTransformlmprovement
This improvemenisrelated to zeroing of parameters in the beginning of the
function, to avoid some trash fromhe "Previous" SetKinTransform call.
This change is very important when you define two different kinematics
to the sane group withasmaller number of members.
Example:
* Define group with 5 axes.
* Set Kinematic (for 5 axes).

* Remove one asifrom group (dynamically, using MMC_RemoveAxisFromGroup
function).

* Set Kinematic (for 4 axes).

h. Updateof the NC_AXIS_IN_GROUP_TYPE_ENUM.enum

Add new enumerators
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typedef enum

{
NC_X_AXIS TYPE =0,
NC_Y_AXIS_TYPE,

NC_zZ_AXIS_TYPE,

NC_N1_AXIS_TYPE,
NC_N2_AXIS_TYPE,
NC_N3_AXIS_TYPE,
NC_N4_AXIS_TYPE,
NC_N5_AXIS_TYPE,
NC_N6_AXIS_TYPE,
NC_N7_AXIS_TYPE,

NC_N8_AXIS_TYPE,

NC_LAST_AXIS_TYPE

INC_AXIS_IN_GROUP_TYPE_ENUM;

4. Bug Fix. When working in mu#txis with transition mode 7 or 8 and your system has one of
the
following axes, NN9 and & Unexpected profile creatipwas detected. This was fixed.
5. Profiler Changes:
a. 'N'axes supportin MCS.
b. Code optimization and improvement
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c. Stop using transition mode 6 (even in 3D case)
6. Migration to Revision 2.1 of uProcessor from Revision.1lls version supports both
revisions For further information, please contact Elmo.
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Release NotesNew Firmware Version for GMAS

Version 1.1.0.5

2. General
¢ K 8lma@ge v1.1.06 2012 @ 14gms A& | yYS8 FANNGI NBE NBfSIasS 7T;
Motion Controller, which supports the following new joafeatures:

7. Stopping the ongoing Spline FB DC and Jerk is now taken frddtagpeinction block and
not the default DC and Jerk parameters.

8. Profiler fixes. In some profiles that, in the endad¥B thatis blended by another FB, the AC /
DCis not conthuous and hagmall jumg. This was fixed.

9. The Circle Angle mode can be operated only in 2D. @aseverification of the number of
Cartesian axewas fixed and improved.

For example, 6 axes agroup, 1 as "X" 2 as "Z" 1 as N1 and 2 asThik {s & allowed
case)

10. In case when we try to Enable the Group, all the axes should be in StandSitill state. If one of
them is not in Stand Still state we will return the following error:
NC_ONE_GRP_MEMBER_IS_DISABLED! émel former- NC_UNSUITABLE_NODE_STATE
error.

11. SetPositiorfunction willreturn the following error: NC_MODE_NOT_SUPPORTED

12. In function "Remove Axis From Group" when you try to remanvaxis thatwasnot
included
in the group (a particular case is when you try to remove axis fmempty growp) the
following error will be returnedNC_NODE_NOT_FOUND (instead of
NC_MAX_MEMBERS_IN_VECTOR).

13. Profiler bug fix in Single Axis case. When you work in Single Axis with blended buffer mode,
sometimes the profilesvere built wrongy. We get position anflor velccity overshoots.

This was fixed.
14. Newerror code- NC_WRONG_EVENT_MODEL87)

This erroris generated from the following functions:

ConfigPDO3EventMode
ConfigPDO4EventMode

Meaning:
An incorrect event mode input wasrgeto the function

15. New error code- NC_SUPPORTED_ONLY_ON_3D_88E (

This erroris generated in case whethere was an attempt toun afunction that can be
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executed only in 3D case hilite system is not in 3D configuration.
For instanceMoveCircularAbsoluteCmn in éRas mode.
16. Bug Fix Wrong axis referencevas senon the Emergency callback, on EtherCAT.
17. EoE timeouts when downloading files to slaves bug fix.
18. Automated Dstributed ClockDC)calculations DC is now automatic and all cycle times, from
500us untillOms (Intervals of 250us) were tested and work properly.
19. USB related problems
a. Now there is ngprintout when disconnecting and connecting gadget serial. This
caused latencies on other processes / threads in the system.
b. When disconnecting the gadget seridle child processes are no longer killed. Only
the gadget serial udev process is killed.
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Release NotesNew Firmware Version for GMAS
Version 1.1.04
And LibraryUpdate 225

3. General
¢ K 8ima@ge v1.1.0.4 2012 02 15.gé1s A& | Y S8 FANGCHAN®steNEt S &S T
Motion Controller, which supports the following new major features:

New axis (Single and Group) staRending bit
Updated Personality
Ability to download files to GMAS via tftp to usr directory
Newbehavioron FB insertion mechanism
New APk GetActiveVectorsNum
New initial maximum jerk values.
SetKinTransforrfunction protections.
Working withcoefficientsbug fix.
PathChoice data verificatian MoveCircular functions
. SendSDQ@IDatalLengtlparameter validation.
. Splines; ACS support.
. TargePosition and DesiredPosition are now synchronized.
. New method of releasing FB's in GMAS and related APls
. Garbage Collection mechanism when working via IEC.
. Additional VelocityOffset parameter can be mapped to work with new drive versions via
CyclicPositiomperational mode.
16. Even more stabilized profiler.
17. New error codes related to MCS
18. Bug fixes related to end motion with non empty function block queues.
19. PDO mappingodifications sequenci CAN.

© o N Ok E
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Release NotesMaestro Rev x 1 7 0 ver 2.docx Page2280f 298



¢ |
Elmo

Motion Control

3.1 New axis (Single and Group) status Pending bit
This bitindicates that the last Profiler related F®#asentered with execute bit "0" (relevant
only in NC and Virtual modéelJhe bit mask is :

#define NC_AXIS_PENDING_MASKO0x10000000 //I< Axis/Group Pending Bit Mask

It appears in MMC_definitions.h header file.

3.2 Updated GMAS Personality

- AGDC record parametervas removedrom Group
- AGDC record parametervas removedrom Axis

3.3 Ability to download files (tftp) to GMAS to usr directory
An additional ENUM was added to tvtMIC_DOWNLOAD_TYPE_ENyjhs:

typedef enum

{
MMC_PARAMETER_FILE_DOWNLOAD =0, /ll< Down load parameter file.
MMC_RESOURCE_FILE_DOWNLOAD, /lI< Down load resource file.
MMC_SNAPSHOT_RESOURCE_FILE_DOWNLOAI;, Down load resource snapshot file
MMC_ETHERCAT_CFG_FILE_DOWNLOAD, /lI< Down load resourcesthercat file
MMC_PERSONALITY_FILE_DOWNLOAD, /ll< Down load GMAS personality file
MMC_USER_FILE_DOWNLOAD, /ll< Down load GMAS user file

IMMC_DOWNLOAD_TYPE_ENUM;

This enales the user, to download files, via tMMC_ResimportFileCmAP| function,

drSOdGte 2 GKS kYyldkeFFakdzaN F2f{ RSNWP ¢KAa

incorporated within the EAS.
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3.4 New behavior on FB insertion mechanism
- New behaviofor PendingBlended Function block (Multiaxis ontyyWhen trying to
insert a FB with execute bit "0" after a FB with execute bit "1" (we call this situation
pending, the GMAS enables the user to insert the second FB in blended mode with a
transition only in caséhe global parameter "MMC_SUPPORT_BLENDED FB_PENDING"
(53)quals to "1" (true) otherwise we will insert the second FB in
"MC_BUFFERED_MODE" mode.

The global parameter "MMC_SUPPORT_BLENDED_FB_PENDING" is initialized to "0" and
can be changed using onétbe following API functions:

a. MMC_WriteParameter.

b. MMC_GroupWriteParameter.

- New behavior whemnsering aBlending FB to active Bt is not possible to insert a FB

with blended mode (with transition arc) when the last FB in queue is&a(BMAS executes

the last FB). In this case we will change the BufferMode to "MC_BUFFERED_MODE" and the
TransitionMode to "MC_TM_NONE_MODE" and not insert the arc but only the original FB. If
the user wants to persist that the FB is inserted with anaauat avoid this situation, insert

the previous FB with execute bit "0". An additional way to know the status of the FB list is to
use "MMC_GetFBDepth" API function. If you receive a number greater than one it means
that the last FB is not during execution.

3.5 New API z GetActiveVectorsNum
This function returns the actual number of Vectors (Groups) in the GMAS

3.6 New Initial Maximum jerk values
Theinitial value of maximum jerlwas modifiedrom 1E12 to 1E15

3.7 SetKinTransform Function Protections
- SetKinTransform fution can be called in the following states only:
a. GROUP_STANDBY.
b. GROUP_DISABLED.
An appropriate error is returned82).
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3.8 Working with coefficients bug fix

A bugwas fixedrelated tothe work with coefficients, correct updating of positioafier
PowerOFFON and after GroupDisahEnable Alsothe GMAS novsupporsthe
changing of coefficients without restarting the axes and group.

3.9 PathChoice Data verification in MoveCircular functions
Path choice and arc short long parameters datéfications were added in the
MovecCircular functions.

The verification logids as follows

Check the validity of the path choice and arc short long parameter according to the circle
mode

The following parameters are relevant (in each mode):

MC_BORDERIRC_MODE - None
MC_CENTER_CIRC_MODE - eArcShortLong

MC_RADIUS CIRC_MODE - eArcShortLong and ePathChoice
MC_ANGLE_CIRC_MODE - None

3.10 SendSDCQulDataLength parameter validation
The data length parameter th&endSDO function receiveis and always @s in bytes and
NOT bits.

A bug was reported by SQAnd as a result we found that when the user sends a request to
upload/download an SDO object thatrist 1,2 or 4 byteg; 4 bytesare always sent.

This bug was fixed in the following way: If the ussjuested to up/down an SDO object that
isnot 1,2,0r4 bytesg an error will be returnedNC_WRONG_FUNC_ARGUMENT).TYPE

It is important to note, as stated above: If the user previously wrote code that requested a
SendSdo of inappropriate data size, fhaction would have sent/requested 4 bytes. Now
any error is returned.
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3.11 Splines z ACS support

Splines now support ACS mode as well as MCS. This means that more than 3 axes can
participate in a spline motion.

3.12 TargetPosition and DesiredPosition are now synchronized
The data recording parameters:

- TargetPosition (Communication parameter).
- DesiredPosition (Profiler output).

Had a difference in value of 1 real time cycle. This was fixed in this version.

3.13 New method of releasing FB's in GMAS and related APIs

The method of how the GMAS releases the function blocks tdréestate, depended on a
specific setting in the resource file.

(S "?13 Workspace "Automha" ||1“H
- drvSmpliQOT O 1. General
24 drvSimplIQ02 1.1 Target Nams GO1
[
B Device NetworkiCAN) 1.3 Project NewFBDFroject
HE 1.4 Active True
o ealt
Bl Gateway 1.6 Cycle Tme 5000
- BEE GO1.201 1.7 Sync DalayTin 0
1.8 Receive fb. status
Pt armel 0 eCl
2.1 Connection Type GMAS TCP/IP
22 IP Address 10.10.16.51
[ 3. GMAS Network
3.2 Baud Rate CAN 1000
B 4. Gateway
41 Auto Connect Gateway False
E 5. Host TCP/IP Interface
5.1 Host IP Address 10.10.31.147

This mechanism caused the following problems:

- User never knew how to workVhen to set this flag.

- There were times when theéag was set, and the user could not perform any motions
due tono freefunction blocks.

In order to solve these problems, the following was implemented:

- The Flag, as appears above, only specifies the default value for the User program
running in IPC.

- AllRPC FB's inserted, are released as soon as the motion receivddrikélag.

- The user no longer needs to set this flag when working in IEC. It is automatically set, via
the MMC_SetEnquireFbStatusCartdt MMC_GetEnquireFbStatusC@BI's in the IEC
runtime.
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3.14 Garbage Collection mechanism when working via IEC
The IEC runtime performs an advanced algorithm for releasing function blocks. This is
essential for function blocks the user did not perform any "Inquiries” on.

3.15 Additional VelocityOffset parameter can be ma pped to

work with new drive versions via CyclicPosition operational
mode
As per the CyclicPosition DS402:

Torgue offset (60B2,)

Velocity offset (50B1,)

Position offset (60B0,)

+ + *
1_ . A J . A
T el T .
.Wsﬁilt?;" » .y Position o )l Velocity g Torque
po 4 control p— control o control
(60TA,)

i i

Torque actual value
(6077,)

< Velocity actual value
(606C,)

< Position actual value
(6064,)

The velocity offset 0x60b1 can be added (Gold Ethercat only) in order to send a PVT

command (instead of the PT that is sent today). This drastiogifoves the motion
performance.
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In order to use this parameter, it must be mapped via the Ethercat configuration tool in the
EAS:

3.16 Even more stabilized profiler

Bug fixes related to the GMAS profiler were fixed. These bugs were related to overshoots
and Speed overrides that were used.

3.17 New error code related to MCS

When you configure your MCS kinematic system (in the SetKinTransform function) you
should provide the Forward and Backward coefficients.

In this transformation function, the ratio betweehé coefficients should be:

NC_BACK_TR_RATIO_COEFXNC_BACK_SHIFT_COEF =1

The maximum permitted deviation is -B:otherwise an error is generatedl81).
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3.18 Bug fixes related to end motion with non empty function
block queues

Added support tocovercasesvhen motionis finishedwith NONEmpty FB queue, but all the
remained FB in the queue are with execute bit."0"

3.19 PDO mapping modifications sequence in CAN
Valid bit logic was added to the PDO mapping sequence.

The valid bit was not used (and is actuallyoig) in the SimpllQAdditionallogic was
added to the GMAS in order to support tR&Nmapping in the Gold drives.

Howeverg the CancelConfigPDO function must be called prior to calling CongiPDO3

Release NotesMaestro Rev x 1 7 0 ver 2.docx Page2350f 298



¢ |
Elmo

Motion Control

Release NotesNew Firmware Version for GMAS

Version 1.1.0.1

4. General
¢ K 8lma@ge v1.1.0.1 2012 01 05.gé1s A& | yYSo FANNXGI NBE NBfSIasS 7;
Motion Controller, which supports the following new major features:

Additional Multi axis transition mode support.
Splines support.

Error correctiorsupport via CAN.

Remote IEC start /stop API's.

Save / Load parameters support

FoE support,

Bug regarding networking mask.

Digital 10 data recording support

Abortion buffer mode bug fixes.

© N KD

4.1 Additional Multi axis transition mode support
Two additionatransition modes were added in this version:

- MC_TM_CORNER_DIST_CV_POLYNOMS3
- MC_TM_CORNER_DIST_CV_POLYNOMS5

These modes were added to the already existing transition mode enumerations.

Transition mode MC_TM_CORNER_DIST_CV_POLYNOM3 =7
The Transitiorparameter must be defined as a corner distance.
Ly GKA& Y2RS>Y GKS GNryaiaidazy OdzZNBS Aa 02y aidNMzOGSR I+ a
estimation of the parameter variation is based on the distance between start angbeimts, with theaim to
approach the desired curve length.

The transition is executed with a constant velocity. This velocity originally defined by the blend mode, may be
decreased if due to the trajectory parameters, it cannot be achieved. It can also be decreasedtbhefor
transition curve is built, if the predefined velocity at some points of the transition curve, causes acceleration
greater than the one defined by the parameter MMC_MAX_ACCELERATION_PARAM. This acceleration is
calculatedasa=x ~ ¢ K S NI sof cinaturé. NJ RA dz

This transition mode guarantees transition smoothed by the velocity, but produces a minor jump via
acceleration at start and enpoints of the transition curve. If the acceleration achieved at some points of the
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transition curve is less timone predefined by the parameter MMC_MAX_ACCELERATION_PARAM but greater
than desired, the user can decrease the value of the parameter causing a decrease of the transition velocity by
the formula

+ ' waal/ypa! - !/ /9] 9 ¢Lhbyt! w! a F-’

% K S NBis the minimal radius of curvature on the transition curve.

This mode is recommended in some issues with the mode 8, e.g. detrimental geometry.

Transition mode MC_TM_CORNER_DIST_CV_POLYNOMS = 8

The Transition parameter must be defined as a corner dis&nc

Ly GKA& Y2RS G(GKS GN}ryaiadrAzy OdzZNBS A& 02y aidiNdzOGSR +a |
estimation of the parameter variation is based on the distance between start angbeimtis with the aim to
approach the desired curve length.

The transition is executed with a constant velocity. This velocity originally defined by the blend mode, can be
decreased if due to the trajectory parameters, it cannot be achieved. Itatsaybe decreased before the
transition curve is built, if the prediefed velocity at some points of the transition cureauses acceleration
greater than the one defined by the parameter MMC_MAX_ACCELERATION_PARAM. This acceleration is
calculatedasa=x~ 6KSNBX °~ A& | NIYRAdza 2F OdzNIBI (i dzNB ¢

This transition mode guarantedransition smoothed by the velocity and acceleration. If the acceleration
achieved at some points of the transition curve is less than one predefined by the parameter
MMC_MAX_ACCELERATION_PARAM but greater than desired, the user can decrease thtbe/ahae of
acceleration parameter causing a decrease of the transition velocity by the formula

+ [ waa/wpa! - ¢!/ /9] %Wt ¢Lhbyt! w! a F§’

% K S NiBis the minimal radius of curvature on the transition curve.

This mode is recommended for 3D transitions, 2D transitions if the inevitable acceleration
jumps for the transition by the circle arc are unacceptable
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For instance aimple 2D example:

The example contains two lines with 90 degrees between them:

b02_Position
1200000 ~

1100000 =

B

800000 -

700000

£00000

400000 ~

300000 -

200000

100000

The sequence is:

Start from 0,0

Go to 0,2100000

Go to 10000001000000

Go to 1000000,08lended

Goto 0,0

The sequence was performed three times.

=A =4 =4 =8 =9

f CANRG GAYS GAGK ¢NIyairdAzy Y2RS doéo
T {SO2yR GAYS GHAGK ¢NIyaAaAldrAz2y Y2RS atéd
f ¢KANR GAYS G6AGK ¢NIyairAdAzy Y2RS ayéo

If we just see at the position plots veannot indicate any significant difference between them.

We only can say that in higher transition mode we get closely to the desired point
(1000000,1000000).
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Transition mode 3 Transition mode 7 Transition mode 8

To see and understand the real difference between transition modes 3,7 and 8 we should tloek at

Velocity and AC/DC graphs.

@g2NR 2F (KS RAFTFSNBYyOSa A& ¢thdconbirbityis! L ¢, &3
NE OKAIKSNI 2 NRSND o

P

¢KS 18
aoSuds

(@]

1 Intransition mode Z; the continuity is only in positior¥ou can see than in all cases you
have ontinuity in position, there are no unexpected jumps or sharp transitions.

1 Intransition mode % the continuity is in position and velocityou will see below than on
this mode the continuity is in position and velocity.

1 Intransition mode & the contiruity is in position velocity and AC/Du will see below
than on this mode the continuity is in position velocity and AC/DC
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[ SGdQa 221 d GKS 3INI LKA 2F SIDMK) GNI'yairldAaAzy Y2RE

The red circles indicate the points of N@bhtinuity.

Transition Mode 3

W e 5 B 5
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Transition Mode 8

4.2 Splines support

The functions associated with Spline; MMC_Movepath, MMC_PathSelect, and MMC_Unselect use
quite specific user defined parameter modes to describe the transifibese are:

MC_SPLINE_MODE_FT =1
MC_SPLINE_MODE_V_AC _DC =2

MC_SPLINE_MODE_NP = 3
MC_SPLINE_MODE_CV =7

These API's were added to the MMC_API and are now standard features for the GMAS. Please refer
to the user manual for further reference.

4.3 Error correctio n support via CAN
Error correction mechanism for CAN motion devices is now part of the GMAS firmware.

4.4 Remote IEC start /stop API's

API's were added in order to support she following IEC runtime operations via the MMC_API:

- Start IEC runtime.

- Stop IEQuntime.

- Is runtime running.

- Start IEC runtime at startup.

- Stop IEC runtime from Startup.
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These APIs are not exposed to the user,

4.5 Save / Load parameters support
There is now full support GMAS parameters:

- Loading GMAS parameters at powerlfa file was peviously saved it will automatically be
loaded. Default values are set if they are not in a permitted range.

- Loading GMAS parametassrequest- MMC_LoadParamCmalill take the parameters from
the GMAS FLASH and load it into the GMAS memory.

- Saving GMAS parametersIMC_SaveParamCmdll save the current parameters to the
GMAS FLASH.

- Uploading and downloading the files to the GM#&8ow available via the Import/Export
resource file interfaces

4.6 FOE support
FULL FoE support was added in thisAS\ersion. in order to support this, the following new API's
were added:

- MMC_DownloadFaHB-or further details please contact EImo.
- MMC_GetFoEStatufor further details please contact Elmo.

These functions can be called ONLY after the network was praperfigured via the Ethercat
configuration tool.
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1.1 Enhanced Ethercat Statistics Function
This new GMAS version includes a new API funtigiC _ GetEthercatCommStatistieturning
data for required Ethercat nodes:

Send / Receive / Parse errors.
Wrongworking counters.
Number of slaves identified on network.
Master states and diagnostics.
For all required slaves:

A Slave state and diagnostics.

A Vendor, Product and Rev numbers.

O O O O O

1.2 Bug regarding networking mask
The GMAS now supports class 'B' network types.

1.3 Digital 10 recording support
There is now support to record Digital I0s from data recording interface. This is also updated from
within the personality

1.4  Abortion bug fixes
There were many cases where the abortion buffer type did not work, and this is a regjession
fix. The following phenomena's were noticed:

- Abortion as part of first function block did not work.
- Aborting an ongoing motion had unexpected behavior.
- Aborting on negative positions did not work.

This was all fixed as part of the version release
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Release NotesNew Firmware Version for GMAS

Version 1.0.3.2and MMC_API_LIB version 219

2. General
¢ K 8lma@ge v1.0.3.3 2011 11 14.gés A& | yYSo FANNGI NBE NBfSIasS 7T;
Motion Controller, which supports the following new mafeatures:

1. Profiler fixg generate warning in case of zero length (Single Axis).
2. Ended motion event. We now support end of motion event on Group as Tedl.
mechanism was modified/rewritten in order to support both cases in an optimized manner.
a. Single Axig same interface for the user.
b. Groupcg add support for group end motion event.

c. Inorder to enablédisable the event the same function as in single &xis be used:
3. MMC_EnableMotionEndedEventCrimdC'.

4. Node Error event Anew eventwas addedor axs entering theerror state.
a ¢KSNBE IINB yS¢g SOSyld SydzyYSNI (2N Ay GKS da/ ¢

b. ' RRSR adzLJL2 NI F2NJ 0 KA&GSwagdSyld G2 GKS a/tté
c. ¢2 O2yFTAIdzNBE SOSyid KIYyRfSNI FdzyOQluAzy dzaS «a
Connection
d. class.
e. Therelevantenumeratof 2 NJ NBEIA&AGNI GA2Yy A& daal/ttygbhb59
5. Bulk Read MechanismiMechanism for reading bulk data from the GMAS. Available from
host communication and internglIPC communicatiorncreaseghroughput and utilizes
bandwith.
6. MoveLinearAdditiveCmAPI. TheMoveLinearAdditiveCmAPI is not standard PLCopen and
is now available via the GMAS API.

2.1 Profiler fix z Generate warning in case of zero length
A warning is now generated to the user in case $iirggle Axisnotion was not peformed.

In this case the warning 1009is returned
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2.2 Group Ended motion event
A new mechanism was built in order to support group motion ended in addition to the single
motion ended event. Initializing the event remains the same as before:

MMC_EnableMotionEndedEventCrimdC'

Fromthe C++ interface, new APIs were added in order to support this in the CMMCAXis

- CMMCAXis::EnableMotionEndedEvent
- CMMCAXxis::DisableMotionEndedEvent

The same callbacks are called as in the Singe axisnow the axis reference of the group is
called

2.3 Node Error event
A new event was added for axis entering the error state, in addition to the many otkeet e

#define ASYNC_REPLY_EVU
#define DOWNLOAD_FW_E¥T
#define EMCY_EVT 5
#define MOTIONENDED_EVE
#define HBEAT_EVT 7
#define PDORCV_EVT 8
#define DRVERROR_EVT 9
#define EMIT_EVT 10
#define HOME_ENDED_EVTL1
#define SYSTEMERROR_EMP
#define MODBUS_WRITE_EA&
#define TOUCH_PROBE_ENDED_RMT

#define NODE_ERROR_EVTL5
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In the C++ interface, a new callback for entetimg Error State was added. This needs to be
initialized similar to any other callback initialization. RegisterEventCallback function now
receives a newalue- " MMCPP_NODE_ERRORthe eClbTypgarameter stating the

users callback function. Thelleck function returns the last emergency code and the error
code regarding the reason for entering the error state.

Please note: If the emergency callback is also initialized, the user may experience calls to
both the errorandemergencyevent callbacks

2.4 Bulk Read Mechanism

Until now, all needed parameters can be retrieved by API calls. The user has to implement
the parameters retrieval in his code (for example read: current, position, etc.). If the user
wants to get a "bulk" of parametersit needs tobe retrieved one by one. This operation is
relatively slow, especially from a remote host, as a single TCP/IP packet is used in order to
transfer at most a "double” variable. Via the user program, the operation is also wasteful, for
the same reason.

In orcer to "speed things upt a Bulk Readlechanism was built. This mechanism allows the
user to choose from a set pfesetparameters, and choose which axes to read frdm.
addition ¢ the user may create his owdatato read by manually configuring the dat

The following 'C' APIs were added:

- MMC_ConfigBulkReadCm@onfigures the function to read all paramaters from
multiple axes
- MMC_PerformBulkReadCméReads all paramaters from multiple axes

The following C++ API's were added:

- CMMCPPGIobal::ConfigBulkRead
-  CMMCPPGIlobal::PerformBulkRead

2.5 Group Move Additive API

In addition to the MoveAdditive API supported in SingleAxis (actually part of the PLCopen
standard)c the GMAS now supportdovelLinearAdditive CmAPI.

This group motion API, similar to the single motion-ABFdmmands a controlled motion of a
specified relative distancadditional to the most recencommandedposition in the
discrete motion state.

This is opposed to thiloveRelativefunction block whiclcommands a discreet controlled
motion of a specified distanaelative to the set positiorat the time of the execution

The following 'C' APIs were added:

- MMC_MovelLinearAdditiveCmd
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The following C++ API's were added:

- MoveLinearAdditive
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Release NotesNew Firmware Version for GMAS

Version 1.0.3.2

3. General
¢ K 8lma@ge _v1.0.3.2.2011 10 11.gés A& | yYSo FANNGI NBE NBf SI &
Motion Controller, which supports the following new major features:

1. Setdefaultparameters API.
2. SetKinTransform Bug Fix.
3. Corner distance Polynomitthnsition mode.

The Following 'C' APIs were added to this version:

- MMC_SetDefaultParametersAxisCmd
- MMC_SetDefaultParametersGlobalCmd

The Following C++ APIs were added to this version:

- SetDefaultManufacturerParameters (EquivalenMMC_SetDefaultParametersAxisCmd
'C' function)

3.1 Reverting GMAS Parameters to Factory Defaults
The following APIs were added:

- MMC_SetDefaultParametersAxisCrnithis function set default manufacturer
parametersto the Axis related parameters

- MMC_SetDefaultParametersGlobalCrithis function set default manufacturer
parametersto the Global /Axis related parameters

3.2 MMC_SetKinTransform Bug Fix

A bug was detected and fixed in tMMC_SetKinTransforfiunction. The function did not
properly detect the members of the group and in some cases returned errors. This bug was
fixed.
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3.3 Corner Distance Polynomial
A new transition type was added to the list of transition types:

typedef enum

{
MC_TM_NONE_MODE =0,
MC_TM_MAX_VELOCITY_MODE =1,
MC_TM_DEFINED_VELOCITY_MODE =2,
MC_TM_CORNER_DISTANCE_MODE =3,

MC_TM_MAX_CORNER_DEVIATION_MOBH,

MC_TM_SWITCH_RADIUS_MODE =5,

MC_TM_CORNER_DIST_TC_POLYNOM =6,
INC_TRANSITION_MODE_ENUM;

The MC_TM_CORNREDIST_TC_POLYNtmsition calculates aSorder polynomial
calculation on the corner distance. But beware: The velocity is reduced as a result of the
calculation and is inherent in this mode. A new transition mode is to be introduced in the
near futurethat does not reduce the velocity.
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Release NotesNew Firmware Version for GMAS

Version 1.0.3.1

4. General
¢ K 8lma@ge v1.0.3.1_ 2011 09 26.g1s A& | yYSg FANNXGI NBE NBfSIasS 7T;
Motion Controller, which supports the following new mafeatures:

1. GMAS Personality
a) Data recording parameters.
b) Error list and resolutions
c) GMAS parameters description.
Save / Load Parameters per axis.
PDO Information API. Ability to read what is currently configured.
Sync Delay time as EAS parameter
New Modbuswvarnings
Specific error to Out of range parameters
Warning if in current power state, current operation mode
Zero Len profile handling warnings

© N gk wDN

The Following 'C' APIs were added to this version:
- MMC_GetPDOInfoCmd
The Following C++ APIls were added to théssion:

- GetPDOInf¢C' function)c calls theMMC_GetPDOInfoCmi@' function.
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4.1 GMAS Personality
A new XML formatted file, by the name of /var/MMC/config/resources/Personlity.xml is
introduces in this version. this file includes information regardingfttiewing:

- Data recording parametexsFrom time to time, the GMAS updates its data
recording parameters. Instead of performing modifications in the host software
(i.e EAS) in order to support these changes, the list of parameters, including the:
size, urtis, and type appear in this file.

- Error List and resolutioo When an error is returned from the GMAS, either to a
host or user prograng only an error ID is returned. The file includes a full
description regarding the error and a resolution to the eriia the CPP
interface, the user automatically receives a printout including a full description
from the XML file with the description of the error and the resolution.

- GMAS parameters descripti@ilhere is a list of GMAS parameters which is to
be viewedin the EAS. Each parameter has the following attributes:

0 Number.

Name

Type.

Array size.

t SN¥AaaAazya owhsx arg@gsS G2 Ftrakz SiO

Min / MAX / Default values.

O O O O o

In order to upload the personality, an additional enum was added as per the personality file:

enum

{
MMC_PARAMETER_FILE_DOWNLOAD = 0,
MMC_RESOURCE_FILE_DOWNLOAD,
MMC_SNAPSHOT RESOURCE_FILE_DOWNLOAD,
MMC_ETHERCAT_CFG_FILE_DOWNLOAD,
MMC_PERSONALITY_FILE_DOWNLOAD

%

4.2 Save / Load Parameters per axis

After changing parameter values via the SetParametéds Ad? via the designated EAS

window), the parameters, per axis can be saved to the GMAS FLASH. These parameters are
saved to: /Imnt/jffssMMC/config/parameters folder on the GMAS. The name of the file is the
name of the axis in the resource file with themip' extension.

The logic of loading the parameters is as follows:
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- Load parameters default values.
- If the parameter file exists for a specific axis, load the file and set alR¢ad
only parameters .

4.3 PDO Information API
In order to read which PDOs arentigured via the CAN network, a new API was created:

MMC_GetPDOInfoCmd

This API returns data (type, SYNC, TPDO and RPDO data) for a designated PDO (3 or 4).

4.4 Sync Delay time as EAS parameter

A new parameter was added to the resource file, and can be accessed from the main page in
the EAS (GMAS activity) by the nam&wiic Delay Timé& his parameter defines the delay
between the SYNC and tharget Positiomlata when working in DS402 Interptdd

Position operational mode.
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4.5 Specific Error to Out of Range Parameters

Until this version release, a genefailit Of Rangerror was returned when a motion
command was sent (NC_PARAM_OUT_OF_RANGE22)). The following list states
specific errors peparameter that is out of range:

#define NC_SET_IS_TO_LOAD_PARAM_OUT_OF RANGEL36)

#define NC_SET_OVERRIDE_OUT_OF_RANGE (-137)
#define NC_NUM_OF_AXES_OUT_OF RANGE (-138)
#define NC_TR_FUNC_TYPE_OUT_OF RANGE (-139)
#define NC_BUFFERED_MODE_OUT_GBRA (-140)

#define NC_HOMEDS402_METHOD_OUT_OF_RANGE (-141)
#define NC_DIGITAL_INPUT_NUMBER_OUT_OF RANGE-142)
#define NC_MAX_VELOCITY_OUT_OF RANGE (-143)
#define NC_MAX_ACCELERATION_OUT_OF RANGE  (-144)

#define NC_MAX_DECCELERATION_OUT_OF RANGE (-145)

#define NC_MAX_JERK_OUT_OF RANGE (-146)
#define NC_DIRECTION_TYPE_OUT_OF RANGE (-147)
#define NC_NEGATIVE_VELOCITY (-148)

#define NC_COORD_SYSTEM_TYPE_OUT_OF RANGE (-149)
#define NC_CIRCLE_MODE_OUT_OF RANGE (-150)
#define NC_PATH_CHOICE_T®PE_OF RANGE (-151)

#define NC_ARC_SHORT_LONG_TYPE_OUT_OF RANGEL52)
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4.6 Warnings instead of Errors
In the current version, the following are no longer considered as errors, but warnings:

- PowerOn command when already on.

- PowerOff command when alreadyf.

- ChangeOperationMode when already in the mode.
- GroupEnable when group is enabled

- GroupDisable when group is already disabled.

- Zero length group profiles
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Date: 19/7/2011

Revision: 1.0

Release NotesNew Firmware Version for GMAS.

Version 1.03.0

¢ K Silm@ge_v1.0.3.0 2011 08 09.géns Aa | ySg FANNGINB NBfSI &S
Motion Controller, which support the following new major features:

5. General

1. Updated Profiler.
2. First Ethercat Release supporting following modes:
- Preoperational an®perational mode support
- Ethercat Configuration mode support.
- Cyclic Position.
- Profile Position.
- Homing.
- Touch Probe functionalities.
- Beckhoff Ethercat 10 Support
MoveRepetitive Support
Synchronized Timer support.
Virtual Encoder support
EoE.
1D, 2D and 3Dynamic Error Correction.
Data recording of additional parameters:
- Digital Outputs
- Digital Inputs
- Drive Position Error
- Actual drive Hardware position (before Error Correction).
- Error Correction Value.
5. CPP Librgras part of the MMC_LIB releasepportingall of the MMC_LIB
functionalities

P woahsoDdN
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5.1 Updated Profiler

In this version, we introduced an automated profiler tester that generated and tested
thousands of different profiles at different cycle times. Many flaws were fixed and
references were created.

5.2 First Ethercat Release
This is the first released Ethercat version, supporting the following features:

- Preoperational and Operational mode suppqfThere is an ability ttransfer
between operational mode and preoperational mode. This is performed by
caling the newly added APIs:

1. MMC_ChangeToPreOPMode

2. MMC_ChangeToOperationMode
In operational mode, the user can perform all motions via the GMAS, but cannot
perform motions / tune the drive on the drive level. However, of course, the
user may view, record viables on the drive level.
In preoperational mode, the user can perform motions on the drive level,
without the GMAS update the cyclic process data.

- Ethercat Configuration mode supparin this mode, the user can open the EAS
and view, scan, start the Iircat network. This is performed by calling the
following API's

1. MMC_EnableEthercatConfigMode
2. MMC_DisableEthercatConfigMode

- Profile PositioDS402 modeSame functionalities as CAN are supported.

- Homingq all DS402 homing modes are supported.

- Touch Probe functionalitiggthercat Onlyg, After configuring theollowing
parameters to be updated via the Ethercat process data, callbacks are sent from
the GMAS with the position of the Touch Probe (compare position):

Touch probe statud@nput)

Towh probe posl pos valyénput)
Touch probe posl neg valfieput)
Touch Probe Functiof©utputs)

P wbd e

TheMMC_TouchProbeEnabheP! is to be called in order to Enable the touch probe
functionality. In addition, the XXX callback type is to be configured.

- Beckhdf Ethercat 10 Suppog The GMAS supports basic Beckhoff Ethercat 10's:
1. Digital Inputs / Outputs.
2. Analog Inputs / Outputs.

Callbacks stating that a digital input changed (similar to CAN) is also
supported. The following 'C' functions (acdmpatible C+functions) were
added:
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MMC_ECATIOEnableDIChangedEvent
MMC_ECATIODisableDIChangedEvent
MMC_ECATIOReadDigitallnput
MMC_ECATIOWriteDigitalOutput
MMC_ECATIOReadAnaloglnput
MMC_ECATIOWriteAnalogOutput

o gk whpeE

5.3 Move Repetitive Support
New API's were added in order to f@mm repetitive motions in single axis:

- MMC_MoveAbsoluteRepetitiveCmd
- MMC_MoveRelativeRepetitiveCmd

And in Group axis:

- MMC_MovelinearAbsoluteRepetitiveCmd
- MMC_MovelinearRelativeRepetitiveCmd

Basically, the usaran perform reciprocated motions between tyoints. Either single
or group motions. Absolute or Relative. This version introduced the repetitive motion in
cyclic position and interpolated position DS402 motion modes only.
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5.4 Synchronized Timer Support

In order to promise that the user's progranithin the GMAS is synchronized to the main
GMAS PLCopen cycle, the following APl was added:

MMC_CreateSYNCTimer

Using this function, the user can define every n (n >=1 ) GMAS cycles to call a defined
callback function. This callback is called ontlyafprevious callback finished before the time
to call the callback function again.

In order to close the callback, tiiellowing APl was added:

MMC_DestroySYNCTimer

5.5 Virtual Encoder Support

In order to synchronize a number of axes via CAN, and perform B@#ibhs on the drive
level, the user must purchase an expensive CAN encoder supporting DS406. Instead, the
same functionality can be emulated via the GMAS. The GMAS can send a broadcast CAN
message (actually a group message ) containing the positioneoffaihe GMAS axes. The
position may be either the target position or the actual position of the axis. In addition, the
axis may be a virtual axis on the GMAS.

5.6 EoOE

EoEg Ethernet over Ethercat was finally introduced in this version. Using EoE, the GMAS act
as a 'switch' to the Ethercat network, and transparently transfers data to the Ethercat
network sent over UDB the drivegEither from a host (EAS for example) or via the GMAS
user program). Using EoE, the EAS communicates with the drives, via tha&RAS

gateway

The drives must be configured, using the Ethercat Configuration tool, to suppoT kR
address and MAC addresses must be configured via the Ethercat Configuration tool together
with defining the list of connections in the EAS.

There ign0 'C' API to communicate via EOE. We introduced a CPR, €ds8sICUDPhat
handles basic asynchronous UDP communication. No necessarily even EoE.

5.7 1D, 2D and 3D Dynamic Error Correction

Error mapping is required for correction of néinear mechanical pason errors. The
correction is done by taking into account errors that have beerdafned by the user at
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some discrete position points (measurement grid points), and altering the actual position
readings.

The meaning of -© Error correction is, that evy correction point (X,y) on a two

dimensional grid will be defined as a function of any two axes positions. The point actually
defines an error for a specific axis. For instance, axis Z correction may be a function of X and
Y. X correction, can be a fuion of X itself and Y position.

CorrectedPosition=HardwareReading+ErrorCorrection.
X ¢ K SEBrEorrectiolis a function of two position inputs

3-D error correction is, in a way, is similar t®Zrror correction. In-D error correction, a

2-D table ad gridis defined for any specific 2 axes. The idea-Df&tror correction is having
numerous2 ¥ G KSAS 3AINARRAZ a2y S | 02-B80dd KeSthird axik S NE @ |
may also be defined as any of the axes, and this must be defined by thim askance of

course (as part of the general setup).

Operation Principls:

- An error correction table is loaded to uskernel shared memory and enabled

- The Kernel module performs the error correction algorithm on all enabled error correction
tables. An emor correction offset is calculated.

- The corrected position is sent to the drifleased on target position + correction offsat)d
the actual position is updated accordingly as well.

- Atotal of 4 error correction tdbs can be loaded to the memory.

- Bverytable can be enabled or disablethg process of loadirmtable can take a long time
(largetable, etc.), and there is a possibility that the user would like to toggle the table on
and off. For tispurpose S RAFTFSNI 60S06SSy dfR2WHStRdable yR aSy
is loaded, it is still not enableginot ready for use. If the table is disablethat means the
table is still present in memory, but not available for use)

- 100000 points are availabfer the usage ofhe 4 tables. For example,ttiie first table
contains 78000 points, the second and the third 10000, and we will try to insert fourth with
5000 pointsg we will fail The user is responsible for handling the memory start and offsets.

- The error correction table is actually a file, with tislowing format:

Table size 25

Start offset 0

Error table dimension 2

Start position 20000 20000

Axis grid size 16 16

Table dimensions 5 5

Table #1 Start Data
0 100 O 100 O
0 100 0 100 O
0 100 O 100 O
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0 100 O 100 O
0 100 O 100 O
Table #1 End Data
The file can be edited via excel and then download to the GMAS.

- The following API's were added to suppthe Error mapping:
MMC_LoadErrorCorrTableCmd
MMC_UnloadErrorCorrTableCmd
MMC_EnableErrorCorrTableCmd
MMC_DisableErrorCorrTableCmd

In addition, the following recording variables were added:

- Actual HW Pog The position value reported by the drive.
- ErrorCorrectiong Error correction delta for the specific axis.

5.8 Data Recording of Additional Parameters

In this version we added the ability record the following parameters:

- Digital Outputs

- Digital Inputs

- Drive Position Error

- Actual drive Hardware positio(before Error Correction).
- Error Correction Value.
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Date: 01/02/2011

Revision: 1.0

Release NotesNew Firmware Version for GMAS.

Version 1.0.2.0 and Version 207 for MMC _LIB

¢ K Silm@ge_v1.0.2.0 2011 02 01.ggn Aa | ySgo FTANNGINB NBfSI &S
Motion Controller, which support the following new major features:

1. General

1. Bug fixes to binary Interpreter support.

2. OpenlP@ New function that opens an explicit IPC connection, and closes latter
connectiors if they exist.

3. Data recording of ACDC now supported.

4. Bug fixes regarding the connection handling and Modbus listener threads.

5. Support for Preoperational modes for Ethercat and CANBus and exiting back to normal
mode.

6. Support for Ethercat Configuration medand exiting back to normal mode.

7. Support for Event based PDOs. Please refer to function ConfigPDO3, ConfigPDO4 (User
and Regular).

8. Many bug fixes.
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Date:29/12/2010

Revision1.0

Release NotesNew Firmware Version for GMAS.

Version 1.0.1.8 and Veien 205 for MMC_LIB

2. General
¢ K Silm@ge_v1.0.1.8 2010 12 21.gévs A a | ySgo FANNGI NBE NBfSI &S
Motion Controller, which support the following new major features:

Fast responses to everfiom drive

Binary Interpreter support.

Multiple NIC from PC suppogtnow in library.

Many new API's.

Version supporting integrative Eclipse debugging and IDE.
Many bug fixes

o gk wbnE
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2.1 Fast Responses to events from Drive

The user will be able to configure each axis PDO3/4 event mechanism to the
following:

1 PDOmapping, without naotification to the user.
1 PDO mapping, with cycle time basis notification to the user.

1 PDO mapping, with immediate notification to the user.

The PDO3/4 Received Event mode, could be configured via the
ConfigeventModePDO3(), ConfigEventlBeDO4() APIs respectively.

The API will accept as argument one of 3 event modes:
1 0c¢ No notification to user.
9 1c¢Cycle time basis notification to user.

1 2cImmediate notification to user.

Communication events mechanism

HPT Thread CAN driver
(KERNEL) (KERNEL)

Cycle Time
Event
Thread

(USER)

Events
FIFO

User
Listens On UDP
socket

Immediate
Event
Thread

(USER)

2.2 Binary interpreter

The GMAS ABUpports the following:
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1 ElmoGetParameter{e.g.MMC_EImoGetParameter(gConnHndl,gAxisRef[i],"AC",0) ;

1 ElmoSetParameterf)e.g.
MMC_EImoSetParameterWrapper(gConnHndI,gAxisRef[Z],"MO",O,&ilaIue)

1 ElmoGetArray() e.g.EImoGetArrayxisref,"et", index)
1 EImdetArray(} e.g.ElImoSetArragiisref,"et", index, val)
1 ElmocCall(} e.g.EImoCalkxisref,"kl")

1 EImoExecuteLabekl}.g.EImoExecuteLabelisref,"home_1")

The above functions will be downloaded to the DRIVBWwidnterpreteior OS
Interpretermechanism (The only function which will use (B8 interpreter
mechanism isEImoExecuteLabel®)ecause in this case, we may need more than 8
bytes message for performing tlexecute prograntommand).

The above functions could be used via RPC or |IPE@ctiom
The Get functions could be performed in 2 ways:

1 Synchronously the function will not return, until response is accepted from the
DRIVE. The returned function will return the response from the DRIVE.

1 Asynchronously the function will return immeiately without waiting for response
from the DRIVE. In the GMAS, when the response from the DRIVE will be accepted, it
will be sent via a UDP message to the library, the libocannection listenethread
will process the message and if it iBiaary Inerpreter¢ Get commangdit will be
processed as follows:

- Checking if th&uery operatioimode is set tasynchronous quemynode. If
it is the mode:

The uploaded data is kept in a per axis F{ftBe asynchronous
queryFIFO) and the axasynchronousgjueryFIFO index is
incremented.

If the Query operationmode is set tesynchronous quemnode, the
response data will be copied to the user out structure parameter.

The user will be able to access the aggnchronougueryFIFO, whenever
he chooses and retnes data from the axis FIFO according to the axis FIFO
index progress, which its value he will be able to monitor via a specific API.
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The data returned from the Get functions, could be long/float, therefore, storing
the uploaded data by the library in tlexes FIFOs and enabling retrieve of the data
by the user, should be done, in attention to the specific data type which is taking
care.

Notes:

1 The set/call function receiwa parameterstating whether the parameter is
long/float.

1 In case of asynchronswget operation, a FIFO with length 1 will be managed for
each axis.

9 If an error was sent from the DRIVE as a result of sending Interpreter command, the
reactor will be emptied and an erra@allback will be sent to the library. The drive in
this case doeBlOT enter the Error Stop state.

Get function z Asynchronous Mode

In order to work in this mode, the user wikll the regular asynchronous functions.

The FIFO index for each axis, could be monitored by the user, via the
ElmoQueryOperationFIFOIndeXbl.

The usemayretrieve data from the axiQueryOperationFIFO at locatiomdexin
any time, via theelmoQueryOperationFIFORetrieveDia@d€x API.

Get function z Synchronous Mode

In order to retrieve data in a synchronous manner, the
MMC_EImoGetArrayAndRetrieveData

and theMMC_EImoGetParameterAndRetrieveDsit@uld be called.

For a full list of API's, please refer to XXX for API list.
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2.3 Support forMultiple NIC in PC

As per previous GMAS version, there was a problem when tryidgiumload, upload files
when the host computer had several NIC's.

A new API was createMMC_RpclnitConnectiohis APl has an additional parameter
which states the IP of the host, to be used.

2.4 New APIs

The following new API's were added to this versioea&# refer to the APl manual for
further information.

- MMC_EImoSetParameter

- MMC_EImoGetParameter

- MMC_EImoGetArray

- MMC_EImoSetArray

- MMC_EImoGetParameterAndRetrieveData

- MMC_EImoGetArrayAndRetrieveData

-  MMC_EImoQueryOperationFIFOIndex

- MMC_EImoQueryOperationFIFORetrieveData
- MMC_EImoQueryOperationFIFOIndexReset

- MMC_EImoExecuteLabel

- MMC_EImoCall

- MMC_CfgEventModePDO3Cmd

- MMC_CfgEventModePDO4Cmd

- MMC_GetCommbDiagnostics

- MMC_ResetCommbDiagnostics

- MMC_GetRactorStatistics

- MMC_SetHeartBeatConsumer@m

- MMC_ReadDigitalOutputs32Bit

- MMC_WriteDigitalOutputs32Bit

- MMC_MbusStofServerchanged taMMC_MbusStopServer

2.5 Version Supportingntegrative Eclipse Debugging and IDE

This version includes numerous scripts that are located within the GMAS (/mnt/jff¢hadr)
are called by the Eclipse environment.

2.6 Many Bug Fixes
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Date: 10/10/2010

Revision: 1.0

Release NotesNew Firmware Version foGMAS.

Version 1.0.14

3. General
¢ K Silm@ge_v1.0.1.4 2010 10 11.gés A a | ySgé TANNVGMARBaswBt S| &S
Motion Controller which support the following new major features:

1. Support Dig output in standard PDO settings if supported by drive (new EImo

Digital Output object).

Emergency handling.

FULL Error handling support as per PLCopen.

Error recovery.

Ability to map Ul and UF and send as output PDO's

New default PDO mapping abilities.

DS401 axis typé Digital Outputs, Digital Inputs.

DS301 axis type.

. DS406 axis type.

10.New data recording features.

11.Many bug fixes.

12.Motion abortion as per PLCopen.

13. Ability to sendSDO's from user programs and fraRPC host.

14.USB support fobasic systenconfiguration.

15.New U-Boot supporting enhanced version update mechainmislonding auxiliary
backup image.

16.Enhanced events mechanisifuility to receive events upon the receiviofy
Modbus registers from Modbus hasid from DS401 Digital Input updates

17.Function attributes stating the function call context.

18.New resource file definitions.

19.New libraryAPIs and interfaces to the GMAS in order to support all of the above.

©oNOOOA WD
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In addition tothese new major features, this firmware version also supports some other new
features including modifications in the current API

- UserCfgPDO3 and UserCfgPDO4 now receive a parameter stating wihie¢hé?DO
configuration isPDO TX or PDO .RX

- Interfacesto CfgPDO3 and CfgPDO4 (user and general) changed due to new types of Ul, UF
supported

- PDO RX (sent by GMAS) has 5 groups of PDOs that can be set
- SendSDGdownload- API is now synchronoiien the API level)

- Interface to CAN Rawdata that is send via WbBnnel was changed due to alignment
problems. This version will not work with compodéeeds to be recompiled with new library.
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4. Description of New Features Supported by this Release

4.1 Support Digital Output in Standard PDO settings

DS402 as a standadibes not have a Digital Output object (It does support a digital input
object). A new SimplIQ version was releaSadpllQ 2.02.09.13 20May2010.abEkhis

version supports object 0x2210.

The object sets and gets general purpose digital output. The objéeivas similar to the
low byte of OP commands (bitsA).

General purpose must be first defined using OL[] command.

Command to digital output which were not defined as general purpose shall be discarded.
No indication is reflected to the user.

When objectis read, the value reflects the following:

Bits 0- 6: General purpose setting

Bit 7: AOK state. Relevant if one of the outputs is configured to AOK function.

Object description:
Index 2210h
Name Digital output
Object code VAR
Data type UNSIGNEDS
Category Mandatory
Entry description
Access R\ W
PDO mapping Yes
Value range UNSIGNEDS8
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Default value 0

As you can see, this object is an eight bit object. The user may select via the EAS interface
whether the drive supports this feature or not (and of coucgbat the user need Digital
Output support).

If the user selected to use Digital Output, and thieve does not support this (the drive
version is prior to the version mentioned above), then the axis will not operate as the PDO
mapping will fail. The error the user will receive (as part of the Error mechanism) will be a
communication / mapping errao the drive.

Changing thdigital Out Supporfield in the EA%as illustrated above) affects the following
resource file parameterunder Motion Devices cluster

<NODE NAME="a02" TYPE="ds402" SUBTYPE="ELMO" ID="2" NC_AXIS="1" MODULO="0"
DIVIDER="MDOUT_SUPPORT="0"

This object is added to PDQ/Lbytes are sent instead of 6 per RX PD@xd is sent according
to the current motion mode of the drive.
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