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1 Introduction

In Chapter 1 isagenera overview of the motion Concept. Chapter 2 describes the main
function docks for basic functions. Chapter 4 to 9 describes how to use the functions for
the H320modue.

1.1 Structure of the motion control concept

The ancept comprises three parts: The first part consists of HW-independent function
and data-blocks. These describe the functions that are to be exeauted (initi ali zation,
pasitioning, etc.). They also provide the user with auniform, HW-independent interface.
The second part consists of HW-dependent function and data-blocks. These exeaute the
functions onthe projeded HW. These functions are nat visible to the user, unessthey
have to be loaded. The DB parameter represents an exception. In this DB the user must
enter the various HW parameters (such as modue addresses, control parameters,
medhanical fadors, etc.).

Thethird part isthe link between the first and second parts. It consists of a DB containing
stored information onwhich FBs and DBs are valid for the chosen HW. (In the following
diagram it is cdled the MotionDB).

Allgemeine
M otion Funktionen

HW - unabhangig MotionDB HW - abhéngige Funktionen
FB/F(Q FB
NN\

Sy T7744

= L‘

R

HW abhéngige Daten
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2 Basgic functions

This chapter describes the basic functions. At present 6 functions exist for controlli ng the

axes.
FC 20 Initi ali zation
FB 21 Homing
FC 22 Motionin velocity mode
FC 23 Positioning mode withou bregkpoint
FB 24 Positi oning mode with table withou bregkpoint
FB 25 Tead in for tables withou breakpoint
FC 26 Current paosition and status
FC 27 Positioning mode with bregpoint
FB 28 Positioning mode with table with bregkpoint
FC 29 write new Parameter
FB 30 Geaing Mode
FC31 SetBreakpoint

uDT 110 Structure of the motionDB

UDT 300 Structure of the Init DB

UDT 301 Structure of the Position table

UDT 303 Structure of the Position table with breakpaoints

Eadh function hes at least three parameters: MotionDB, Error and Enable/Start. The
“MotionDB” inpu isan INT value. This value @rresponds to the number of the DB that
stores which FBs and DBs shoud be used for the relevant HW. The precise structure of
this MotionDB is described in chapter 3.

The “Error” output is one BYTE. If the function hes been exeauted succesdully, this
value is st at zero. If an error occurs during exeaution, this output is <t at a value not
equal to zero.

Neither of these parametersis further described or li sted with the individual functions.

The same function must never be adive repeaedly for one ais, as otherwise movements
will not be crrectly exeauted.

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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EN

PP

7o 7 {Btart

"MotionInitc"

Mot ionhE

Complete|—p2 2

ENOD

Error [—pop

Parameters:

Name

Type

/0

Description

MotionDB

INT

IN

Number of motion DB

Start

BOOL

IN

Initializationis darted with a positive alge

Complete

BOOL

ouT

When initialization is complete, this bit becomes high

Error

BYTE

ouT

0: Theinitializationis exeauted successully

1. The Filter Parameters (PID- Parameters) are out of
range

5: Traceisrunnng

B: Invalid negativ value

92. DB could na be produced becaise the function
compressmemory isadiv

A1l: Error on DB Nr. The DB Nr. has to be between 1
and 1023(Vauein MotionDB at Adress4)

B1: Thereisnot enough memory to produce aDB

B2: Thereis not enough memory to produce aDB

B3: There is not enough memory to produce aDB (you
shoud compressthe memory)

Function:

This block cdlsthe FB spedfied in MotionDB at address6. The DB number at addressO
is given as the ParameterDB. A predse description d this ParameterDB is given in
chapter 3. In the initi ali zation routine the parameters are first checked and converted into
suitable values for the modue. These modified parameters are filed in a speda DB (DW
4inthe MotionDB). Finaly, the H320 modue is initi ali zed.

Initi ali zation must be cdled orce The functions described in the foll owing can fulfil their
proper function ony after the successul exeaution d the block.
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When a positive alge arives at the Start inpu, initi alization commences. The Start inpu
must remain at true & least until the Complete bit has been set.

Initi ali zation canna be exeauted in OB100, bu must be called in OB1.

The Initialization hes to be cdled for both axis on the modue. For eah axis it is
nessesary to use adifferent Motion DB.

2.2 Home position

Call block FB 21

"Befaerenz"
EN EMO
_ . Mot ionhE searchingl—
.. —ifastVWela on_ref po
int —_—
. —slowWela
Errorfl— .
.. —LE right
L. L3 lefr
.. —LE_PRefpkt
.. —lleft_=side
.. —iEnahle
Start_PRef
.. — =earch
Parameters:
Name Type | 1/0 Description
fastVelo red |in Velocity of search for reference point
slowVelo red |in Velocity of travel down from reference point
Right-hand limit switch inpu is not used,
LS right bod |in becaise the H320 Modue has its own limit
switch inpu.
LS left Left-hand limit switch inpu is not used,
bod |in because the H320 Modue has its own limit
switch inpu.
Referencepoint input is nat used. The H320 tes
its own Reference inpu. If the Reference Inpu
LS refPoint bod |in on the H320 kewmmes 0, dredion is changed
and travel continues at SlowVelo speed urtil
the inpu becomes 1 again.

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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If thisinpu is TRUE, travel takes place first to
the left. The reference pont must be
approadhed equally from the left for it to be set.

|eft_side bod |in If thisinput is FALSE, travel takes placefirst to
the right. The reference point must be
approadhed equally from the right for it to be
Set.

Axis enable. If this input is FALSE, the ais

Enable bod |in L .
remainsimmobil e.

searching bod | out Seqchl ng for the reference paoint, the aisisin
motion.

on_ref_pant bod | out Reference point has been foundand set.
0: noerror

1: aposition Functionisadiv

4: invalid parameter

Error byte | out 6: Both limit switches are reached withou
reading the Reference switch

B: invalid negative value

C: invalid parameter change

On receipt of a positive alge, parameters are
adopted and haming commences. When the
reference point has been readed, this function
resets the bit.

Start Ref_seach |bod |in_ou

Description:

Thisfunction is used to seach for the reference point. The “left_side” input defines the first
seach direction and the side from which the reference switch must be gproached. When the
reference point has been readed, travel continues at the second velocity from the reference
switch. Only then is the reference point set. See Figure 1.

v

fastVelo
¢ s

slow Velo

Figure 1 Search for reference point

Zero off set compensation can be spedfied in the ParameterDB for initialization. When the
referencepoint is s, this zero offset compensationis also taken into account.

When both limit switches“LS right” and“LS |eft” have each been reached once, the “Error”
output is st and the aisis stopped.

In thefirst Version, the Index Inpu is not used for finding the reference point.

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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2.3 Speed Control
Call block FC22:
"SpeedContral"
EM ENOQ
pre MotionlhE Donel—z»3 2
pop Melocity Errorfoon

oo 7 fStart

pp o fEnahle

Parameters:

Name Type |10 Description

Veocity at which the drive runs. The preceding sign

Veloaity red In indicaes diredion.

Start bod in Start axis.
Enable bod in Enable ais.
Done bod out The ais moves.

If the ais canna be moved, thisbyteis st not equal to O.
Error = 1: amotion control functionis arealy adive.
4: invalid Parameter

B: invalid negativ value

C: invalid parameter change

D: invalid move dter limit condtion

Error byte | out | E: invalid moveinto limit

10: motion error

12: motion error + Wrap around

20: positiv limit switch readed

22 positiv limit switch and wrap around

40: negativ limit switch

42: negativ limit switch and wrap around

Description:

This function is used to move the «is at the prescribed velocity. The precaling sign for
velocity determines the diredion d motion. If the value of “Velocity” changes, the new
velocity is adopted.

If the enable signal is zeroed duing motion, afast stop will be exeauted at the maximum
breaing ramp.

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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Call block FC23:

EN

222 JMotionDE
a2 JPosition
s AWelocity

PosRelati
s b

WeloPRelat
e piv

77 7 J{Enahle

o pABtart

oo pdload

"Position Control"

ENO
runriing

Pos_reach
ed

Error

e 2

e 2

7P

Parameters:
Name Type |10 | Description
Position red in Position to be a)proamed. The diredion is indicaed
by the preceding sign.
Max. velocity at which the @owve position shoud be
Ve ocity red in | approached. The preceding sign has no significance
here.
. ) True: The positionisrelative
PosRel ativ bod in o
False: The pasitonis absolute
) ) True: Veocity isrelative to the airrent one
VeloRdativ bod in o
Fase: Veocity is absolute
Enable bod in | Enable ais.
runring bod out Me_s_sage returned when axis is travelling to the
position
Pos reaced bod out Me_s_sage returned when the ais is locaed at the
position
1: other motion functionis adive
4: Invalid Parameter
Error byte |out | 6 MotionError
B: Invalid negativ value
C: Invalid parameter change
D: Invalid move dter limit condtion
[0 Copyright Saia-BurgessControls Ltd.
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E: Invalid moveinto limit
in On receipt of a positive alge, parameters are loaded
Start bod out and effedive. As on as parameters are dfedive, the
function resets this bit to Oand the aisis garted.
On receipt of a positive alge, parameters are just
Load bod in_ | loaded. The parameters get effective with the next
out | update from an aher function a after some
bre&poaints condtions.
Description:

Thisfunctionisrequired for pasitioning an axis.

Thedrive travels at the prescribed velocity to the spedfied pasition. During travel it is
possble to spedfy anew paosition/ velocity. As onas the start commandis s, the new
pasition/ velocity will be aloped, regardlessof whether the old pasition hes been
readed. When the specified pasition has been reached, the drive stops. The message
returned indicates the status of positioning. If it has not been passble to approacd the
pasition, ore or more of the Bitsin the aror messageis st.

2.5 Approach previoudly defined position

Call block FB24:

"TahPositioning"
i AEN ENO
.. —MotionDE runminegg— .
.. —Pos_X pos_reach
ad —_
—JEnahle
Errorfl— _ .
—Start
Parameters:
Name Type |10 | Description
Position number to be readied. A table (MotionDB address
Pos X int in | 2) contains the @solute paosition and the velocity at which
the position shoud be gproaced.
Enable bod in | Enable ais
runnng bod out | Message returned when motion control is runnng
pos readed | bod out | Message returned when the aisislocaed onthe position

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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Error byte

out

1: other motionfunctionis adive

2: invalid instruction

4: invalid parameter

6: Motion error

B: invalid negativ value

C: invalid parameter change

D: invalid move dter limit condtion
E: invalid move into limit

Start bod

in

On receipt of apositive alge, parameters are alopted. This
bit isreset to 0 by the function.

Description:

A table (DBNo. in the Motion DB under address 2) is used to store positions and the
appropriate velocities (entered in the table manually or via aTeach-In function). Using
the position number, the function locates the mrrespondng position and velocity in the
table. That paositionis then approached. If a paositive eldgeis st at the “Start” inpu during
motion control, the new pasitionis adopted and approached, regardlessof whether the old
pasition hes been reached.

26 Teachin

Call block FB25:

ok

"Ta
— |EN

_ . {MotionDE

.. —Etart

.. —Enable

.. {PosSaw

.. —Position

.. 4 TeachWelno

PositionV
.. —elocicy

achIn"

ENO

Error |-

Parameters:
Name Type | IO | Description
. As long as this inpu is a TRUE, the ais moves at the
Start bod | in velocity of “TeachVelo”.
Enable bod |in | Enable ais. Withou this enable, values canna be saved.
26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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PosSav bod |in | The airrent positionisentered in thetable
Position int in The airrent position will be gproached again later with
this number
. The velocity at which the ais will move during the Teach-
Teatvelo red | in In. The preceding sign determines the direction.
Positiorivelo | red | in The pqsm on saved WI||. b(? .epproadﬂed a this ed. (The
precaling sign has no significance).
1: The ais canna be moved
Error byte | out | 2: Thevalue & input “Position” isinvalid
0: No error
Description:

The “Start” inpu moves the ais at the velocity of “TeachVelo”. The sign preceding the
velocity produces the direction in which the ais moves. When there is a positive alge &
the “PosSav” inpu, the aurrent position is entered in a table together with the velocity at
the “PositionvVelo” inpu. If the “Enable” inpu is at zero, the ais isimmobilized after a
fast stop. Likewise, no paitions may be stored.

2.7 Read current position and status

Call block FC26:

Zn
EN

"readPosition,/Statn

EMO

w2 MotionDE aktPos |-2pp
Statusior
d — P2
ActiwitylW
ord —2ee
Parameters:
Name Type |10 | Description
" The aurrent position a which the aisislocaed at the
Position red out )
moment of cdli ng.
StatusWord | word | out | SeeTable below.
ﬁ\thIVItyWO word | out | SeeTable below.
26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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Current paosition can be queried in user units with this function.
The Event Status register and the Activity register from the H320 can be read with this

function.

The foll owing Table shows the meaning of the two registers.

Status Word

The foll owing table shows the encoding of the data returned by this command.

Name Bit(s) | Description

Motion complete 0 Set to 1 when motion is completed. SetMotionCompleteMode
determinesif this bit is based onthe trgjectory generator position
or the encoder pasition.

Wrap-around 1 Set to 1 when the adua (encoder) position wraps from
maximum allowed pasitionto minimum or viceversa

Breakpoint 1 2 Set to 1when lre&point 1istriggered

Capture recaved 3 Set to 1 when a pasition cgpture occurs

Motion error 4 Set to 1when amotion error occurs

In pasitive limit 5 Set to 1when the ais enters a pasitive limit switch condtion

In negative limit 6 Set to 1when the ais enters anegative limit switch condtion

Instruction error 7 Set to 1when instruction error occurs

reserved 8-10 | Not used, may beO or 1.

Commutationerror | 11 Set to 1when a ommutation error occurs

reserved 12-13 | Not used, may be O or 1

Breakpoint 2 14 Set to 1 when bre&paint 2 istriggered

reserved 15 Not used, may be0 or 1

Activity Word

Each o the bitsin this register continuowsly indicéae the state of the chipset withou any
adion onthe part of the host. Thereisno dred way to set or clear the state of these bits,
sincethey are controll ed by the chip set.

The foll owing table shows the encoding of the data returned by this command.

Name

Bit Description
Number

Phasing initi ali zed

Set to 1if phasing isinitiaized (MC2300series only)

26/778E1
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At maximum velocity

Set to 1 when the trgjedory is at maximum velocity. This
bit is determined by the trgjedory generator, na the actual
encoder pasition.

Tradking 2 Set to 1when the aisiswithin the tradking window
Current profile mode 3-5 Contains trgjedory mode encoded as foll ows:
bit 5 it 4 it 3  Profile Mode
0 0 0 trapezoidal
0 0 1 eocity contouring
0 1 0 s-curve
0 1 1 eledronic gea
reserved 6 not used, may be O or 1
Axis sttled 7 Set to 1when the aisis sttled
Motor orv/off 8 Set to 1when motor mode is on, Owhen off.
Positi on cgpture 9 Set to 1 when a value has been captured by the high speed
paosition cgpture hardware but has not yet been read. The
GetCaptureVaue @mmand must be exeauted before
another capture can occur.
In-motion 10 Set to 1when the trgjedory generator is exeauting a profile
onthe ais.
In pasitive limit 11 Set to 1 when the positive limit switch isadive
In negative limit 12 Set to 1 when the negative limit switch isadive
Profil e segment 1315 | Only used during S-curve profile mode. Contains value of
0 when the profile is at rest. Contains phase number 1-7
when profileisin motion.
26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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2.8 Position Control with Break Point
Cadl block FC27:

BRR—

3PP —

Mot ionDE
Position

Ereakpoin

"PoswithEreakpoint"
EN ENO

runnindg

Pos_reach
ed

P

P

Parameters:
Name Type |10 Description
Positi on red in Position to be epproadwd. The diredion is indicaed
by the preceding sign.
Breakpoint red in At this Position the Breakpoint Flag will be set.
Max. velocity at which the &owve position shoud be
Velocity red in approached. The preceding sign has no significance
here.
Velo_after Bre&kpoin . When the Breakpoint Flag is s, the speed o the ais
red in : )
t will changeto this ged.
PosRd ativ bod |in True: The positionisrelative
False: The pasitonis absolute
VeoRdativ bod |in True: Velocity isrelativeto the aurrent one
Fase: Velocity is absolute
useBreakpoint bod |in True: The Breakpaint will be loaded and the
breapaint flag2 be set and the output OUT is .
26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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False: Thre Bre&point has no affed.
True: When the breakpoint is readed, the velocity
changeVelo bod |in will change to Velo_after_Bre&point. Also the
brakpoint flagl be set.
False: The Value Velo_afterBreakpoint has no affed.
Breakpoint_relativ bod |in True: The breskpoaint is relativ
B False: The bre&kpaint is absolut
veo2 rdativ bod |in True: the second Vel ocity isrelative to the aurrent one
B False: the second Ve ocity is absolute
Enable bod in Enable ais.
runring bod out Me;e_sage returned when axis is travelling to the
position
Pos reaced bod out Me;e_sage returned when the «is is locaed at the
position
Breakpoint_reached bod out True: the breakpoint is reached.
1: other motion functionis adive
2: invalid instruction
4: invalid parameter
6: Motion error
Error byte | out B: invalid negativ value
C: invalid parameter change
D: invalid move dter limit condtion
E: invalid move into limit
On receipt of a positive alge, parameters are |oaded
Start bod in_ou | and effedive. As 0n as parameters are dfedive, the
function resets this bit to Oand the aisis garted.
Description:
Thisfunctionisrequired for pasitioning an axis.
The drive travels at the prescribed velocity to the spedfied pasition. During travel, it is
possble to spedfy anew position/ velocity. As oonas the start commandis s, the new
pasition / velocity will be alopted, regardiess of whether the old pasition hes been
reathed o not. When the specified pasition hes been reached, the drive stops. The
message returned indicates the status of paositioning. If it has not been possble to
approacd the pasition, an error message is .
In this function it is possble to set two breakpaoints. One to change the velocity at the
bre&point, and the other to set the Output OUT.
26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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2.9 Approach previously defined position with Break Point

Call block FB28:

»ER

"TahPoswithBrakpoin
e
EN ENO
. —fMotionDB runtingg—
.. —fPFos_X pos_reach
ed —_ .
Enahle EBr
.. —eakpoint Breakpoin
t_reachedp
Enakhle Sp
eed Chang Errorjp— .
=
__ —Enahle
.. —iBtart
Parameters:
Name Type |10 | Description
Position number to be readed. A table (MotionDB
Pos X int in | address 34) contains the &solute position and the

velocity at which the position shoud be gproached.

_ _ True: The Breakpoint will be loaded and the
Enable_Bredpoint bod | in | preskpaint flag2 be set. The output OUT will be set.
False: The Bre&point has no aff ect.

_ True: When the breakpoint is readed, the velocity
Enable_Speed_Change | bod | in | il changeto Velo after Bregpoaint
False: The Value Velo_afterBreakpaint has no affed.

Enable bod in | Enable ais

runnng bod out | Message returned when motion control isrunnng

Message returned when the ais is locaed on the

pos reated bod out »
position

Breakpoint_reached bod out | True: the breakpoint is reached.

1: other motionfunctionis adive

2: invalid instruction

4: invalid parameter

Error byte | ouwt | 6: Motion error

B: invalid negativ value

C: invalid parameter change

D: invalid move dter limit condtion

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
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E: invalid move into limit

Start

bod

in

On receipt of a positive alge, parameters are
adopted. This hit isreset to 0 by the function.

Description:

A table (DBNo. in the Motion DB under address 34) is used to store positions, the gpropriate
velocities, the breakpoint and the second velocities (entered in the table manually). Using the
pasition nunber, the function locates the @rrespondng position, lreakpoint and velocity in the
table. That paosition is then approached. If the breakpoint is readed, the flag Breg&point reched
is ¢t to True and the Velocity will change to the secondVelocity. If a positive edge is st at the
“Start” input during motion control, the new position is adopted and approached, regardless of
whether the old pasition has been reached.

2.10 Write Parameters to the Module

Call block FC29:

L IE

a3 JMotionDE

ppp— CHD

ppp {pPTR

"lriteNewParametar"
ENO

Error|—aoo

Parameters:

Name Type

Description

CMD int

Command Nummer O to 41.seenext Table

pPPTR pointer

The pointer shows to the value.

Ex. P#M10.0.1f the value is a byte then MB10 is readed. If
the value is a word then MW10 is readed. If the value is a
red or doude word then MD10is readed.

Error word

out

0: No Error

1. Proces9r Reset
2: Invalid instruction
3: Invalid axis

4. Invalid parameter
5: Tracerunnng
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6: reserved

7: Block out of bounds

8: Tracebuffer zero

9: Bad seria checksum

A: Not primary port

B: Invalid negativ value

C: Invalid parameter change

D: Invalid move dter limit condtion
E: Invalid moveinto limit

F: Wrong command Number

Description:

The function change parameters. The right use of these parameters e this
dokumentation.

CM | Name Type Description
D
Nr
O | LimitSwitch byte SetLimitSwitchMode enables (On) or disables (Off) limit-
Mode switch sensing for the specified axis. When the mode is

enabled, the axis will cause the @rrespondng limit-switch
bits in the Event Status register and Activity Status register
to be set when it enters either the positive or negative limit
switches and the ais will be immediately stopped. When it
is disabled these hits are not set, regardless of whether the
axisisin alimit switch or not.

1 | AxisMode byte SetAxisMode enables (On) or disables (Off) the specified
axis. A disabled axis will nat respondto profile or other
motion commands.

2 | ProfilMode byte SetProfileMode sets the profile mode, seleding
Trapezoida (0), Velocity Contouring (1), S-curve (2), or
Eledronic gear (3) for the spedfied axis.

3 | Stop byte Stop stops the spedfied axis. The avail able stop modes are
AbruptStop (1), which instantly (without any deceleration
phase) stops the ais, SmocathStop (2) which uses the
programmed decderation value and profile shape for the
current profile mode to stop the ais, or NoStop (0) which
is generally used to turn dof a previously set stop
command.

Note: After an Update a buffered stop command
(SetStopMode mmand) will reset to the NoStop
condtion. In aher words if the command SetStopMode is
followed by an Update @ommand and then by a
GetStopMode command, the retrieved stop mode will be
NoStop.

Restrictions SmoothStop mode is not vaid in the

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
H320 xx7_26 778 El.doc Page 20 of 73




SAIA-Burgess Electronics

SWITCHES = MOTORS = CONTROLLERS H
16. Juli 2001

eledronic-gearing profil e.

SetStop is a buffered command. The value set using this
command will not take dfed until the next Update or
MultiUpdate instruction.

4 MotorMode

byte

MotorMode determines the mode of motor operation; open
loop a closed loopfor the spedfied axis. When set to On,
the ais is in closed-loop mode, and is controlled by the
output of the servo filter. On the MC2400 series and
MC2500series, the trajedory generator controls the motor
output.

When set to Off, the ais is in open-loop mode, and is
controlled by commands placed drectly into the motor
output register by the host.

5 | AutoStopMode

byte

AutoStopMode determines the behavior of the specified
axis when a motion error occurs. When auto stop is
enabled (AutoStopMode =1), the ais goes into open-loop
mode when a motion error occurs. When Auto-Stop is
disabled (AutoStopMode =0), the aisis not affeded by a
motion error.

6 | CaptureSource

byte

SetCaptureSource determines which of two encoder
signals, Index (0) or Home (1), is used to trigger the high-
spedal capture of the adual axis pasition for the spedfied
axis.

7 | MotionComplite
Mode

byte

MotionCompleteMode establishes the source for the
comparison which determines the motion-complete status
for the spedfied axis. When set to commanded (0) mode
the motion is considered complete when the profile
velocity reaches zero and no further motion will occur
withou an additional hast command.

This mode is unaffeded by the actua encoder location.

When set to adua mode (1) the motion complete bit will
be set when the &owve ondtion is true AND the acud
encoder position hes been within the Settle Window
(SetSettleWindov command) for the number of servo
loops gedfied by the SetSettleTime cmmand. The settle
"timer" is darted at zero at the end d the trgectory profile
motion so at a minimum a delay of SettleTime cycles will
occur after the trgedory profile motionis complete.

8 | Update

byte

Update causes al buffered data parameters are mpied into
the arrespondng run-time registers onthe speafied axis.

The following instruction is buffered: CleaPositi onError.

The following tragjedory parameters are buffered:
Accderation, Decderation, GearRatio, Jerk, Position,
ProfileMode, StartVelocity, Stop, and Velocity.

The following PID filter parameters are buffered:
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DerivativeTime, ntegrationLimit, Kaff, Kd, Ki, Kp, and
Kvff.

The following Motor Command parameters is buffered:
MotorCommand.

CleaPosition
Error

byte

CleaPositionError sets the aurrent profile's commanded
position equal to the adua position (encoder inpu),
thereby clearing the position error for the spedfied axis.
This command can be used when the ais is at rest, or
when it is moving. If it is used when the ais is moving the
host shoud be avare that the trgjectory destination pgasition
(used in trapezoidal and s-curve modes) is not changed by
this command.

Restrictions CleaPositionError is a buffered command.
The new value set will nat take défed until the next Update
or MultiUpdate instructionis entered.

10

Multi uptdate

byte

I nstance Encoding
None 0

Axislmask 1

Axis2mask 2

MultiUpdate caises an Update to accur on al axes whose
correspondng bit is st to 1in the mask argument. After
this command is exeauted, and for those aes which are
seleded using the mask, all buffered data parameters are
copied into the @rrespondng rur-time registers.

The following instructionis buff ered: CleaPositi onError.

The following tragjedory parameters are buffered:
Accderation, Decderation, GearRatio, Jerk, Position,
ProfileMode, StartVelocity, StopMode, and Velocity.

The following PID filter parameters are buffered:
DerivativeTime, Integration Limit, Kaff, Kd, Ki, Kp, and
Kvff.

The following Motor Command parameters is buffered:
MotorCommand

11

MotorLimit

red

-100.0to
+100.0
%

SetMotorLimit sets the maximum value for the motor
output command allowed by the digital servo filter of the
spedfied axis. Motor command values beyond this value
will be dipped to the spedfied motor command limit. For
example if the motor limit was st to 1,000and the servo
filter determined that the current motor oupu vaue shoud
be 1,100 the adual output value would be 1,000.
Conwversaly if the output value were -1,100then it would be
clipped to -1,000. This command is useful for proteding
amplifiers, motors, or system mecdhanisms when it is
known that a motor command excealing a crtain value
will cause damage.
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Restrictions This command orly affects the motor ouput
when in closed loop mode. When the dipset is in open
loop mode this command hes no affed.
12 | MotorBias red SetMotorBias sts the bias voltage of the digital servo filter
-100.0to for the spedfied axis.
+100.0
%
13 |KP int SetKp sets the propational gain of the digital servo filter
Oto for the spedfied axis.
215 _1 Restrictions SetKp is a buffered command. The value set
using this command will not take dfed until the next
Update or MultiUpdate instruction.
14 | KI int SetKi setstheintegral gain of the digital servo filter for the
0to spedfied axis.
215 1 Restrictions This is a buffered command. The value set
using this command will not take dfed until the next
Update or MultiUpdate instruction.
15 | KD int SetKd sets the derivative gain of the digital servo filter for
Oto the spedfied axis.
215 _1 Restrictions SetKd is a buffered command. The value set
using this command will not take dfed until the next
Update or MultiUpdate instruction.
16 | Kvff int SetKvff sets the velocity feadforward gain of the digital
0to servo filter for the spedfied axis.
215 1 Restrictions SetKvff is abuffered command. The value set
using this command will not take dfed until the next
Update or MultiUpdate instruction.
17 | InterruptMaske | word Motion complete 0001h
Wrap-around 0002h
Breakpoint 1 0004h
Capture recaved 0008h
Motion error 0010h
In pasitive limit 0020h
In negative limit 0040h
Instruction error 0080h
Commutation error 0800h
Breakpoint 2 4000h
SetinterruptMask determines which hits in the Event Status
register of the speafied axiswill cause ahaost interrupt. For
ead interrupt mask bit that is st to 1, the crrespondng
Event Status register bit will cause an interrupt when that
status register bit goes adive (is st to 1). Interrupt mask
bits st to Owill not generate interrupts.
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Example: The interrupt mask value 28h will generate an
interrupt when either the "in pasitive limit" bit or the
"capture received" bit of the event status register goes
adive (set to 1).

18 | MotorCommand

red

-100.0to
+100.0
%

SetMotorCommand loads the motor-command bufer
register of the spedfied axis.

Restrictions SetMotorCommand is valid orly when the
motor is “off”.  SetMotorCommand is a buffered
command. The value set using this command will not take
eff ect until the next Update or MultiUpdate instruction.

19 | Kaff

int
Oto
|

SetKaff setsthe aceerationfeadforward gain of the digital
servo filter for the spedfied axis.

Restrictions SetKaff is a buffered command. The value set
using this command will not take dfed until the next
Update or MultiUpdate instruction.

20 | DerivativeTime

red
>=0.0

SetDerivativeTime sets the sampling time, in number of
servo cycles, for the servo filter to use in cdculating the
derivative term for the specified axis.

Restrictions This command is NOT buffered. The new
sampling time value will take dfed immediately after the
command is nt to the dipset. This command daes not
affect the overall cycle time of the dipset, ony the
derivative sampling time. The overal cycle time of the
chipset is %t using the mmmand SetSampleTime.

21 | Kout

red
0.0

to
+100.0
%

SetKout sets the output scde factor of the digital servo
filter for the specified axis. The default valueis 100.0%

Restrictions This command is NOT buffered. It will take
affect immediately after it is sent.

22 | SignalSense

word

Encoder A 0001h
Encoder B 0002h
Encoder Index 0004h
Encoder Home 0008h
Positi ve li mit 0010h
Negative limit 0020h
AXisln 0040h
AxisOut 0400h

SetSignalSense  establishes the sense of the signas
conreded to the Signal Sense register by using a bitwise
mask that corresponds to the bits of the Signal Status
register, for the speafied axis.

For each sense hit that is 0, the inpu is adive low, or not
inverted.

For each sense bit that is 1, the inpu is adive high, o
inverted.
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23 | Tradking red SetTradkingWindow sets boundxries for the actual position
Window >=0.0 of the spedfied axis. If the ais croses the windowv
boundry in either diredion, the Tracking indicator (bit 2
of the adivity Status register) is st to 0. When the ais
returns to within the window, the tracking indicator is st
to 1.
24 | SettleTime red SetSettleTime sets the time, in number of cycles, that the
>=0.0 spedfied axis must remain within the settle window before
the ais-settled indicaor (in the adivity status register) is
Set.

25 | GeaMaster word SetGeaMaster establishes the dlave (axis) and master
(masterAxis) axes for the dedronic-gearing profile, and
sets the source, Actual or Commanded, o the master axis
paosition datato be used.

The masterAxis determines what axis will drive the slave
axis. Both the slave and the master axes must be enabled
(SetAxisMode command). The source determines whether
the master axis commanded pdasition as determined by the
trajedory generator will be used to drive the dave ais, or
whether the master axis encoder position will be used to
drive the slave.
Restrictions For eledronic gea mode to gperate properly
the master axis must be enabled.
Dala
| 0 [ ] masterAxis |
15 9 & 7 ]
S0urce =
master Axis. AXxisl 0
AXxis2 1
source Actua 0
Commanded 1
26 | SettlewWindow red SetSettleWindow sets the paosition range within which the
>=0.0 spedfied axis must remain for the duration spedfied by
SetSettleTime before the ais-settled indicaor (in the
adivity statusregister) is st.
27 | Breakpaintl word [ _ figger T oo | cowobic ]
sourceAxis Axisl 0
AXxis2 1

action (nore) 0
Update 1
AbruptStop 2
SmoothStop 3
M otorOff 4

trigger (nore) 0
Positi veCommandedPosition 1
NegativeCommandedPosition 2
Positi veA ctual Position 3
NegativeA ctual Position 4
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CommandedPositionCrossd 5
Actual PositionCrossd 6
Time 7
EventStatus 8
ActivityStatus 9
Signa Ah

SetBreakpoint establishes a bre&point for the spedfied
axis to be triggered by a condtion a event on sourceAxis,
which may be the same & or different from axis.

Up to two concurrent breakpoints can be set for each axis.
The six Position lre&points and the Time bre&kpoint are
threshold-triggered; the bre&point occurs when the
indicated value reaches or crosss a threshad. The Status
breakpoints are level-triggered; the bregkpoint occurs when
a spedfic bit or combination d bits in the indicaed status
register changes date. Threshalds and hit spedficaions are
both set by the SetBreakpointVaue instruction.

action determines what the Navigator does when the
brea&kpoint occurs, as foll ows:

Action Resultant command sequence

nore noadion

Update Update axis

AbruptStop SetStop axis, AbruptStop Update
axis

SmoathStop SetStop axis, SmoacthStop Update
axis

M otorOff SetMotorMode axis, Off Update
axis

axisisthe aisfor which the bre&kpoint has been set.

Two completely separate bre&kpoints are suppated, eat
of which may have its own lrekpont type ad
comparison value. The breakpoint field speafies which
brekpoint the SetBre&kpoint and GetBreakpoint
commands will address

Restrictions Before setting a new breakpoint condtion
(SetBreakpoint command) ALWAY S load the comparison
value first (SetBreakpointVaue cmmand). Thisis becaise
as on as the breakpoint condtion is st the dipset will
start using the bre&point value register, and if it is not yet
defined the bregpaint will not behave & expeded.

28 | Breakpoint2 word seeBred&poaint 1

: Dat
29 | AxisOutSource | word | ; ST — i |
HRE] 12 1 a7 4 3 [i]
axis AXisl 0
AXis2 1
SourceAxis AXisl 0
AXis2 1

bit seebelow 0 to 15
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register (nore) 0
EventStatus 1
ActivityStatus 2
SignalStatus 3

SetAxisOutSource maps the spedfied bit of the spedfied
status register of axisn to the AxisOut pin for the spedfied
axis. The state of the AxisOut pin will theredter track the
state of bit. If register is absent (encoding of 0), bit is
ignored, and the specified AxisOut pin is, in effed, turned
off (inadive).

The table below shows the source for combinations of bit

andregister.
encoding of "bit" | register = event status | register = activity status | register = signal
status
0 Motion Complete Phasing Initialized Encoder A
1 Wrap-around At maximum velocity Encoder B
2 Breakpoint 1 Tracking Encoder index
3 Position capture Home
4 Motion error Positive limit
5 In positive limit Negative limit
6 In negative limit Axisln
7 Instruction error Axis settled Hall sensor 1
8 Motor on/off Hall sensor 2
9 Position capture Hall sensor 3
0Ah In motion
0Bh Commutation error In positive limit
0Ch In negative limit
0Dh
OEh Breakpoint 2
OFh
30 | ResetEvent ResetEventStatus cleas (sets to 0) , for the spedfied axis,
Status ead bit in the Event Status Register that has avalue of 0 in
the mask sent with this command. All other Event Status
register bits (bits which have a mask value of 1) are
unaff ected.
Motion complete 0001h
Wrap-around 0002h
Breakpoint 1 0004h
Capturerecaved 0008h
Motion error 0010h
In pasitive limit 0020h
In negative limit 0040h
Instruction error 0080h
Commutation error 0800h
Breakpaint 2 4000h
31 | Position red in| SetPosition spedfies the trgedory destination d the
User spedfied axis. It is used in the Trapezoida and S-curve
units profile modes.
Restrictions SetPosition is a buffered command. The value
set using this command will not take dfed until the next
Update or MultiUpdate instruction.
32 | Velocity red in| SetVeocity loads the Maximum Velocity buffer register
User for the spedfied axis.
units Restrictions SetVelocity may nat be issued while an axis
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isin motion with the S-curve profile.

SetVelocity is not valid in Eledronic Gearing profile
mode.

The velocity must not be < 0 except in the Velocity-
Contouring profile mode.

SetVelocity is a buffered command. The value set using
this command will not take dfect until the next Update or
Multi Update instruction.

33

Jerk

red
User
units

SetJerk loads the jerk register in the parameter buffer for
the speafied axis.

SetJerk is a buffered command. The value set using this
command will nat take dfed until the next Update or
Multi Update instruction.

This command is used ory with the S-curve profile mode.
It is not used with the trapezoidal, velocity contouring, or
eledronic gea profile modes.

34

GeaRation

red

SetGeaRatio sets the ratio between the master and slave
axes for the dedronic gearing profile for the arrent axis.
Positive ratios cause the dave to move in the same
diredion as the master, negative ratios in the oppaite
diredion.

Restrictions This is a buffered command. The new value
set will not take dfect until the next Update or
MultiUpdate instructionis entered.

35

Actual Positions

red

units

in

SetActualPosition loads the adua position register
(encoder pasition) for the specified axis. At the same time,
the aurrent commanded pasition is replaced by the loaded
value minus the aurrent adual pasition error. This prevents
a servo "bump" when the new axis pasition is established.
The destination pdaition (see SetPosition) is also modified
by this amourt so that no trgjedory motion will occur
when the update instruction is iswued. In effed, this
instruction establi shes a new reference position from which
subsequent positions can be calculated. It is commonly
used to set a known reference paosition after a homing
procedure.

36

Accderation

red

units

in

SetAccderation loads the maximum accéeration bufer
register for the spedfied axis. This command is used with
the Trapezoidal, Velocity Contouring, and S-curve
profiling modes.

Restrictions SetAccderation may not be issued while an
axisisin motionwith the S-curve profil e.

SetAccderation is not valid in Eledronic Gearing profile
mode.
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SetAccderation is a buffered command. The value set
using this command will not take dfed until the next
Update or MultiUpdate instruction.

37 | Decderation

red
User
units

in

SetDecderation loads the maximum decderation buffer
register for the spedfied axis. This command sets the
magnitude of the deceleration register, which aways has a
negative sign.

Restrictions This is a buffered command. The new value
set will not take dfect until the next Update or
MultiUpdate instructionis entered.

These cmmands are used with the Trapezoidal, S-curve,
and Velocity contouring profile modes. They are not used
with the dedronic geaing profile mode.

Note: If decderationis st to zero, then the value specified
for accderation (SetAccderation) will automaticdly be
used to set the magnitude of decderation.

38 | Integration
Limit

red
length
time

*

SetintegrationLimit loads the integration-limit register of
the digital servo filter for the spedfied axis.

Restrictions This is a buffered command. The value set
using this command will not take dfed until the next
Update or MultiUpdate instruction.

39 | PositionError
Limit

red
User
units

in

SetPositionErrorLimit sets the &solute value of the
maximum position error allowable by the dipset for the
spedfied axis. If the position error exceals this limit, a
motion error occurs. Such a motion error may or may not
cause the ais to stop moving depending on the value set
using the SetAutoStopMode cmmmand.

40 | Breakpoint
Vauel

dword

PositiveCommandedPosition signed 32 ht
NegativeCommandedPosition signed 32 ht
Positi veA ctual Position signed 32 ht
NegativeA ctual Position signed 32 ht
CommandedPositionCrossed signed 32 bt
Actual PositionCrossd signed 32 ht

Time unsigned 32 ht
EventStatus 2 word mask*
ActivityStatus 2 word mask*
Signal Status 2 word mask*

* see description section below for more details
on mask format

SetBreakpointVaue sets the bre&kpoint comparison value
for the spedfied axis.

For the position and time breakpoints this is a threshold
comparison value.

For level-triggered breakpoints, the high-order part of
value is the sdedion mask, and the low-order word is the
sense mask. For each selection bt that is st to 1, the
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correspondng bit of the specified status register is
condtioned to cause abreakpoint when it changes date.
The sense-mask bit determines which state causes the
bre&. If it is 1, the mrrespondng status-register bit will
cause abreak whenitis st to 1.If it is 0, the status-register
bit will cause abreak whenitis st to O.

For example asume it is desired that the bre&paint type
will be set to "EventStatus' and that a breakpoint shoud be
recognized whenever the motion complete bit (bit 0 of
event status register) is st to 1, and the commutation error
bit (bit 11 o event status register) is st to 0. In this
situation the high and low words for value would be high
word: 0x801 (hex) and low word: 1.

Restrictions Before setting a new breakpoint condtion
(SetBreakpoint command) ALWAY S load the comparison
value first (SetBreakpointVaue wmmmand). Thisis becaise
as on as the breakpoint condtion is st the dipset will
start using the bre&point value register, and if it is not yet
defined the bregpaint will not behave & expeded.

41 | Breakpoint seeBre&pointVauel
Value?2
Description:

With this function it is passble to write dl posgble parameters. All parameters are in User units
and the function call culate it in Modu units.

For setting breakpoint parameters there exists other Functions which doit more easyly. (FC27,
FB28, FC31).

2.11 Gearing Mode
Call block FB30:

bl
"GearingMode"
— 0y EMO
Masterdxi
.. 4= Error [ _ .
.. &8lavehxi=s
.. JGearing
.. —Bource
.. Load
. qUpdate
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Parameters:
Name Type |10 Description
MasterAxis int in MotionDB Number of the Master Axis
SlaveAxis int in MotionDB Number of the Slave Axis
Geaing red in ratio Master / Slave Impulse
1: Commanded Position
_ Load the Value in the Modue. The Values are not
L oad bod |in adiv until a update instruction followed. (By a this
modue or by abreakpoint or an ather function).
Update bod |in Update the loaded parameter.
0 No error
1 Processor Reset
2 Invalid instruction
3 Invalid axis
4 Invalid parameter
5 Trace runnng
6 reserved
Error byte | out 7 Block out of bounds
8 Trace buffer zero
9 Bad serial checksum
Ah Not primary port
Bh Invalid negative value
Ch Invalid parameter change
Dh Invalid move dter limit condtion
Eh Invalid move into limit
Description:

In this profile, the host spedfies three parameters. The first is the 'master’ axis number which is
the aisthat will be the source of positioninformation wsed to drive the 'slave’ axis, which is the
axisin gea mode. The seaondis the gea source which is either actual (the encoder position o
the master axis) or commanded (the cmmanded pasition d the master axis). The third is the
gear ratio, which spedfiesthe direction and ratio of master gear courts to slave couns.

A positive gear ratio value means that when the master axis adual or commanded pasition is
increasing the slave cmmanded pasition will also increase. A negative gear ratio value has the
oppasite dfect; increasing master position will result in deaeasing slave ais commanded

position.

The dlave Axisisin Geaing Mode until apaosition a velocity Functionis cdled.
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212 SetBreakpoint
Call block FC 31:
"SetBreakpoints"
EN ENDO
popp (MotionDE Error[—oop
Breakpoin
223t Number
Source Ax
pop Jhoction
ron A Trigger
Compare W
pop dalue
Parameters:
Name Type |10 Description
BreakpointNumber int in 0: Breakpaint 1
1. Breakpoint 2
Source Axis int  |in 0: Axis1
1. Axis2
(nore) 0
Update 1
Action int in AbruptStop 2
SmocathStop 3
M otorOff 4
(nore) 0
PositiveCommandedPosition 1
NegativeCommandedPosition 2
Positi veA ctual Position 3
_ _ _ NegativeA ctual Position 4
Trigger int In CommandedPositionCrossed 5
Actual PositionCrossd 6
Time 7
EventStatus 8
ActivityStatus 9
Signd Ah
If the compare Value is a Position a Time, this value
Compare Value dword | in isin User units. The function cdculates it in Modue
pare_ unit. If the Compare_value is a Register the value is a
doulde word mask. Seesection below.
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0 No error
1 Processor Reset
2 Invalid instruction
3 Invalid axis
4 Invalid parameter
5 Trace runnng
6 reserved

Error byte | out 7 Block out of bounds

8 Trace buffer zero
9 Bad serial checksum
Ah Not primary port
Bh Invalid negative value
Ch Invalid parameter change
Dh Invalid move dter limit condtion
Eh Invalid move into limit

2.13 Commisioning Tool
Cal block FC32

"Trace-F

unction
EN ENO |—

por JMotionDBE

Description:

If the commisioning Tod isin use, this FC 32 is to cdl once in each cycle. For each H320
Moduethis FC32isto cdl with the motion DB Number from thefirst axis.
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3 Datablocks and Parameters

The following chapter describes the parameter Datablocks for the H320modue. For a
predse functional description d modues, consult the relevant HW descriptions.

For al necessary DBs, there ae UDTsthat exist to generate these blocks.
DBsrequired internaly (with which the user has nothing to do) are generated
automaticdly if they are not already present.

3.1 Motion DB

The Motion DB servesto inform Standard Interfaces which HW functions must be cdled
and where they can oltain the data.

If FBs 150 — 155 do nichave to be renamed and if the data-block range from DB 300-
317 hes been reserved for these functions, the Motion DB can be generated from
UDT110and the specified values can be adopted. For both axis an individual Motion DB
must be generated. If more than ore H320modu e is used, an individual Motion DB must
be generated for each modue and eath axis. Likewise, anew DB range must be reserved
for each axis and entered accordingly in the Motion DB.

The Motion DB is gructured as foll ows:

Rdresse |(Name Typ Anf. t ar
0. STRUCT
+0.0( |Initlaten INT 300 DB mit Initialisierungsdaten H
+Z.0( |PositionsTabelle INT 301 Tabelle mit den Anzufahrenden Positionen (Position und Geschwindlgkeit)é
+4.0( |Internebaten INT 30E DE mit Funktionsinternen Daten. Dieser DB wird automatisch erzeugt. :
+6.0( |Initialisierung INT 1E0 FB Initialisiert das Modul und erzeugt die interne Datenstrukturen
+8.0( |RefPkt INT 151 FB fiir Referenzpunkt setzen
+10.0( |EndlosFahren INT 15z FBE um Endlosfahren zu kinnen
+12.0( |Positiondnfahren INT 153 FB um eine bestimmte Position anzufahren
+14.0( |Positionduslesen INT 154 Aktuelle Position erfahren / Modul status erfahren
+16.0( |Parameterdendern INT 155 PID Parameter &ndern
+18.0( |Reservel INT o
+20.0( |Reservez INT o
+22.0( |Reservel INT o
+24.0( |Reserved INT o
+Z6_ 0| [Reserve & INT a
+28.0( |Reserved INT o
+30.0( |Reserve? INT o
+32.0( |Reserves INT o
+34_0| [PosTabellenitBreakpoint INT 303 Tabelle mit anzufahrenden Position zusétzlich wmit Breakpoints
+36.0( |Reservell INT o
+38.0| (CommizioningTool INT 157
+40.0| [ConmisioningToolDE INT 207
=4Zz.0 END _STRUCT

Thefirst threevaues indicae the numbers of the foll owing datablocks:

- InitDataisaDB in which the user stores all datarequired for initialization. The
predse structure can be mnsulted in the gppropriate description.

- InthesemndDB, pasitionsto be gproached are entered.

- Interne Daten isthe DB required for overal motion control. This DB is generated
automaticdly uponiniti alization.

- Inthe DB at adress34, are pasitions to be goproached with the bregkpoints
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In the DB at adress40, are values for the ommisioning tod. This DB is generatet
automaticd by the cmmmisioning tod function.

The other 6 values are the HW-spedfic functions cdled by the functions presented in
chapter 2. These FBs must be pied to the crrespondng project. The user has nothing
further to dowith these functions.

3.2 InitDaten

The user stores the H320modue s HW datain this data-block. The data ae read duing
initialization and the modue s initialized. This block can be generated with the help of
UDT300. The structure of this DB appears as foll ows:

Adresse |Name Typ nt ar

l 0. STRUCT
+0.0| |BaseInpur INT 300 Input Basis Rdresse H32Z0 Moduls
+z.0| |Baseourpuc INT 300 Output Basis Adresse H3Z0 Moduls
+4.0| |AchsHr INT 1 1= 1. Achse auf Modul (Master Achse) £= 2. ichse
+6.0| |TimeFact REAL 1.000000e+000 [Zeitfakvor: 0.1 = 100mws; L = 1s; 60 = lmin; 3500 = lh
+10.0| |SawplePerinic REAL 4.000000=+4002 [Anzshl Flanken des Inkrementalgebers pro Einmheit
+14.0| |mp INT 10 the proportional gain of the digital serve filter
+16.0| |KI INT z integral gain of the digital serve filter
+1z.0| K INT 0 derivative gain of the digital serwo filter
+20.0| |Bvit INT 0 velocity feedforward gain of the digital serve filter
tz2z.0| |Raff INT 0 acceleration feedforward gain of the digital serve filrer
+24.0| |DerivativeTine RELL 0.000000=+000 [the saupling time for the servo filter to use in caleulating the derivative ter |
+28.0| |Kout RELL 1.0000002+400Z [output soale factor of the digital serve filter in % 0 - L0O%
+32.0| |MotorBias RELL 0.0000002+4000 [the biar voltags of the digital serve filter in % + - 100%
+36.0| |Integracionbinic REAL 0.0000002+4000 [Einheit: Uegeinheit*Zeiteinheit
+40_0| |Motorlimit REAL 1.0000002+4007 [the mavimum value for the motor output in % 0 - 100 ]
+44.0| |gettleWindow REAL 0.00000024000 |sets the position range within wich the axis must remain befor the awis-settle |
+45.0| |SectleTine REAL 0.000000e+000 |sets the time, that the axis must remain befor the axis sestle indicator is seu |
+52.0| |TrackingWindow REAL 0.0000002+4000 [Tracking Window sets boundaries for the actual position of the axis. :
+56.0| |PositionErrorlinit REAL 0.000000=+4000 [If the position error exceeds this limit, a motion error escocurs.
+60.0| |StopinPositionError EO0L FALSE When enabled, the axis goes into open-loop mode when a motion error occurs. i
+60.1| |MotionConpliteMode E00L FALSE establishes the source for the comparison which determines the motion complete |
+60.2| |LimitSwitchMode E00L THUE enables or disables limit-switch sensig for the auis.
+60.3| |Capturesource EOOL FALSE which of two encoder signals, Indesx or Home used to trigger the RefPoint Positi |
+62.0| |Signalsense wooD wgleg0 SignalSenze establiches the sense of the simals connected Signals. i
+64.0| |acceleration RELL 1.0000002+400% [nax. Baschleunigung der Achse
+68.0| |Deccelerarion REAL 0.000000+4000 [nax. Bremsbeschleunigung falls null = acceleration
+72_0| |Jerk REAL 0.0000002+4000 [Einheit: Uegeinheit/(Zeiteinheit)~3
+76.0| [0ffser RERL 0.0000002+4000 [Nullpunkt Verschiebung
+80.0| |FrofillMode EYTE E#1640 the profil mode, Trapeszoidal, VelocivyContouring, $-curve, or Electronic gear
+81.0| |MotorMode E00L FALSE false=Open Loop True= close loop
=62.0 END_STEUCT

Parameters have the foll owing meanings:

Baselnpu / BaseOutput: Input and ouput addressof the H320modue. These
addresses correspondto the values st with the SAIA HW configurator. These values
arefor both axis the same
Axis Number: The number of the Axisonthe modue for whitch thes values are valid
Sample per Unit: Number of positive and negative edges of incremental shaft encoder
per user unit. How to determine this figure is described in the HW documentation.
Time Fador: Velocity and acceleration are cdculated according to this stting.

For example: Enter 400.0against “ Sample per Unit” and 60against “ TimeFact”. At
velocity 1, the modue ajusts the velocity so that 400 puses are amitted per minute.
KPisthe propational gain of the digital servo filter for the specified axis.

Kl istheintegral gain of the digital servo filter for the specified axis.

KD isthe derivative gain of the digital servo filter for the specified axis.

Kvff isthe velocity feadforward gain of the digital servo filter for the spedfied axis.
Kaff is the acceleration feedforward gain o the digital servo filter for the speafied
axis.
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DerivativeTime: the sampling time for the servo filter to use in cdculating the
derivative term for the specified axis.

Kout: the output scde fador of the digital servo filter for the spedfied axis. The
default value of Kout is 100.0%.

MotorBias: the bias voltage of the digital servo filter for the specified axis.

Integration Limit: the integration-limit register of the digital servo filter for the
spedfied axis.

MotorLimit: the maximum value for the motor output command alowed by the
digital servo filter of the specified axis. Motor command vaues beyond this value
will be dipped to the spedfied motor command limit. For example if the motor limit
was st to 1,000and the servo filter determined that the aurrent motor oupu value
shoud be 1,100the adua output value would be 1,000.Conversely if the output
value were -1,100then it would be dipped to -1,000. This command is useful for
proteding amplifiers, motors, or system mecanisms when it is known that a motor
command excealing a cetain value will cause damage.

SettleWindow: the pasition range within which the spedfied axis must remain for the
duration spedfied by SetSettleTime before the ais-settled indicaor (in the adivity
status register) is st.

SettleTime: the time, in number of cycles, that the specified axis must remain within
the settle window before the ais-settled indicaor (in the adivity status register) is
Set.

TradkingWindow: boundiries for the actual paosition d the spedfied axis. If the ais
crosses the window bourdary in either diredion, the Trading indicator (bit 2 of the
adivity Status register) is %t to 0. When the «is returns to within the window, the
tradking indicator is st to 1.

PositionErrorLimit: the @solute value of the maximum position error allowable by
the chipset for the spedfied axis. If the pasition error exceedls this limit, a motion
error occurs. Such a motion error may or may not cause the ais to stop moving
depending on the value set using the SetAutoStopMode command.
StopOnPositionError: determines the behavior of the spedfied axis when a motion
error occurs. When auto stop is enabled (SetAutoStopMode Enable), the ais goes
into open-loop mode when a motion error occurs. When Auto-Stop is disabled
(SetAutoStopMode Disable), the aisis not affeded by a motion error.
MotionCompliteMode: establishes the source for the cmparison which determines
the motion-complete status for the specified axis. When set to commanded (0) mode
the motion is considered complete when the profile velocity reaches zero and no
further motion will occur withou an additional host command. This mode is
unaffected by the adua encoder locaion. When set to adua mode (1) the motion
complete bit will be set when the &ove ondtion is true AND the adual encoder
pasition hes been within the Settle Window (SetSettleWindonv command) for the
number of servo loops gecified by the SetSettleTime mmmand. The settle "timer” is
started at zero at the end d the trgedory profile motion so at a minimum a delay of
SettleTime cycles will occur after the trgjectory profile motion is complete.
LimitSwitchMode: enables (On) or disables (Off) limit-switch sensing for the
spedfied axis. When the mode is enabled, the ais will cause the wrrespondng limit-
switch hits in the Event Status register and Activity Status register to be set when it
enters either the positive or negative limit switches and the ais will be immediately
stopped. When it is disabled these bits are not set, regardlessof whether the aisisin
alimit switch or not.
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Capture Source determines which of two encoder signals, Index or Home, is used to
trigger the high-speed capture of the adual axis position for the spedfied axis.
SignalSense: establishes the sense of the signals conneded to the Signal Sense
register by using a bitwise mask that corresponds to the bits of the Signal Status
register, for the spedfied axis. For each sense bit that is O, the inpu is adive low, or
naot inverted. For each sense bit that is 1, theinpu isadive high, or inverted.

mask Encoder A 0001h

Encoder B 0002h
Encoder Index 0004h
Encoder Home 0008h
Positive [imit 0010h
Negative limit 0020h
AXisln 0040h
AxisOut 0400h

Accderation: Maximum acceeration d the ais. The unit isthe result of Sample per
Unit and TimeFact.

Decderation: the maximum accéeration bufer register for the spedfied axis. This
command is used with the Trapezoidal, Velocity Contouring, and S-curve profili ng
modes.

Jerk: loads the jerk register in the parameter buffer for the specified axis.

Offset: If the zero pant of theinstalationis nat at the reference switch, this
difference can be entered as an off set. The unit is derived from Sample per Unit.
ProfilMode: sets the profil e mode, selecting Trapezoidal (0), Velocity Contouring (1),
S-curve (2), or Electronic gear (3) for the speafied axis.

MotorMode: determines the mode of motor operation; open loop @ closed loop for
the spedfied axis. When set to On, the aisis in closed-loop mode, and is controll ed
by the output of the servo filter. When set to Off, the aisisin open-loop mode, andis
controlled by commands placed drectly into the motor output register by the host.
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3.3 Approach position tables

The paositionsin the table DB “PosTabDB” (DB301) can be entered via aTead-In or
manually. This DB must be aeded manualy (with the help of UDT301). The structure
of “PosTabDB” appears as foll ows:

B ] ] e T

[ DO e e ST I T B

B ] Hanasiedn s R S e s s e e R e e

+0.0| [Entries INT 10 Numbers of Position in the table

+2.0| [Positiond BEAL 0.000000=+000 0. Position
+6_0| |Velocicyd REAL 0. 000000e+000 0. Veloecitcy
+10.0| |PositionOl BEAL 0.000000=+000 1. Position
+14_0| |VelocityOl BREAL 0. 00o0000e+000 1. Velocity
+158.0| |Position0Z BEAL 0.000000=+000 Z. Position
+ZE.0| |Velocity0OZ BREAL 0. goooode+000 2. Welocity
+EZ6.0| |Position03 BEAL 0.000000=+000 3. Positcion
+30.0| |Velocitcy03 BEAL 0.000000=+000 3. Welocity
+34_0| |PositiconOd4 BREAL 0. 00o0000e+000 4. Position
+38.0| |Velocicy0d BEAL 0.000000=+000 4. Welocity
+4Z_0| |PositiconOs BREAL 0. goo0ode+000 L. Position
t46.0| |Velocicy0kl BEAL 0.000000=+000 E. Welocity
+E50.0| |Position0& BEAL 0.000000=+000 &. Position
+54_0| |Velocityle BREAL 0. 00o0000e+000 6. Welocity
+E55.0| |Positiond? BEAL 0.000000=+000 7. Position
+6E_0| |VelacityO? BREAL 0. 00o0000e+000 7. Welacity
+66.0| |Position0s BEAL 0.000000=+000 2. Position
+70.0| |Velocitcy0s BEAL 0.000000=+000 8. Welocity
+74_0| |PositionOs BREAL 0. 00o0000e+000 9. Position
+78.0| |Velocity0? BEAL 0.000000=+000 2. Welocity

o S S e o S S S S s B e e e et e S e S S e S S S e e o S S S S S e o S S

B b I L0 B B

e N A A A = [t R

If more positions are required, the list can be enlarged according to the same pattern. The
total number of entries must in this case be suppgemented manually.

Entries are rea by the function FB24 * PosTabAnfahren” and entered with FB25
“TeachIn”. These two functions check that the accessnumber islower than the total
number of entries.
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3.4 Approach position tables with breakpoint and two velocitys

The paositionsin the table DB “PosTabDB” (DB303) can be entered manually. ThisDB
must be aeaed manualy (with the help of UDT303). The structure of “PosTabDB”
appeas asfollows:

e
T
SEALEREIREEG)
ettt

Entries
B PR e e P st Hame o
T
frarms

Posiciond RIETET R

Position REAL 0. 000000=+000
Ereakpoint REAL 0. 000000=+000

Welocity_bewor_breakpoin |REAL 0. 000000e+000

Welocity after breakpoin |BEAL 0. 0o00o000e+000

R R i T
frsnnmianainainaninnina s ananinsansine | ENDD STRUCT frsnsnisniinaininnintnlan S i E
R T = L I A,

AR A
Caerenontentonons

. i
ositionOl ETRUCT prisii
st o

Position REALL 0. 0000004000
Ersakpoint REAL 0. 00000024000

Welocity_bewor_breakpoin |REAL 0. ooo0ode+000
BEAL

LTS
e
e e

_',' END_STRUCT
e

Position0z STRUCT L
Position REAL 0. 000000e+000
Ereskpoint REAL 0.0000002+000

Welocity bewvor_ breakpoin |RBEAL 0. 000000e+000
Welocity_ after breakpoin |REAL 0. 000000e+000
END_STRUCT

o
T
s
SRR
S ]
S

BEEERERRR
P
S

RETRERT

SRR
o SR
S =

™ o
T s
L
R
SETEETAaTR
e

R
. s

iRt

sy

Position REALL 0. 000000=+000
Ereakpoint REAL 0. 000000=+000

STRUCT

Welocity_bewor_breakpoin |REAL 0. 000000e+000

Welocity_after breakpoin |REAL 0. 000000e+000
T T T S

END STRIICT o

i
o R B HEn
R e, o, 2
e S B S R B ST S SR R R

If more positions are required, the list can be enlarged according to the same pattern. The
total number of entries must in this case be suppgemented manually.

Entries are rea by the function FB28 *“ PosTabAnfahren”. These function check that the
aacessnumber is lower than the total number of entries.
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4 Trajectory Generation

4.1 Trajectories, profiles, and parameters

The trgjectory generator performs cdculations to determine the instantaneous position, \elocity
and accderation d each axis at any given moment in time. These values are caled the
commanded values. During a motion pofile, some or al of these parameters will change
continuowsly. Once the move is complete these parameters will stay at the same value until a
new moveis darted.

Throughou this manual various command mnemonics will be shown to clarify chipset usage or
provide spedfic examples. Seethe previous sections for more information on hat commands,
nomenclature, and syntax.

The spedfic profile that is creaed by the Navigator depends on several fadors including the
presently seleaded profile mode, the presently seleded profile parameters, and aher system
condtions such as whether a motion stop has been requested. Four trgedory profile modes are
suppated: S-curve paint to pant, Trapezoidal point to pant, Velocity contouring and Eledronic
gearing. The operation d these profile modes will be explained in detail in subsequent sedions.
The commands used to select the profile mode ae FC's for Motion in velocity Mode, FC for
Motion in pasition Mode and FC for Gearing Mode. In the Initial DB (Datenbyte 80 Profil
Mode) it is possble to choase the profil e for the positioning Mode (S-curve or Trapezoidal).

The profile mode may be programmed independently for each axis. For example ais#1 may be
in trapezoidal mode while axis#2isin S-curve point to pant.

With ore exception, Navigator motion processors can switch from one profile to ancther while
an axis is in motion. The exception: when switching to the S-curve paint-to-paint profile from
any other profile, the akis must be & rest.

4.2 Trapezoidal point-to-point profile

For this profil e, the host specifies an initial accderation and decderation (Initial DB DBd64 and
DBD 68), a velocity, and a destination pdasition. The profile gets its name from the resulting
curve: the ais aacelerates linealy (at the programmed accderation value) urtil it reades the
programmed velocity. It continues in motion at that velocity, then decderates linearly (using the
decderation value) until it stops at the spedfied pasition.

A acceleration
Velocity v D deceleration

V' velocily
A \D‘
Time -

Simple trapezoidal point-to-point profil 1
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If deceleration must begin before the acis reades the programmed velocity, the profil e will have
no constant velocity portion, and the trapezoid becomes atriangle.

A acceleration

Velocity D deceleration

‘/\
Time -+

The slopes of the acceleration and deceleration segments may be symmetric (if aaceleration
equals deceleration) or asymmetric (if accderationisnat equal to deceleration).

The acderation parameter is aways used at the start of the move. Thereafter, the acderation
value will be used when the asolute velocity is increasing, and decderation will be used when
the dsolute velocity is deaeasing. If no motion parameters are dhanged duing the motion then
the aceleration value will be used urtil the maximum velocity is readed, and the deceleration
value will be used when ramping down to zero. When the direction is reversed, the decderation
parameter is used for accderation to the target velocity.

A acceleration
D deceleration
VoW1, V2 velocities

UE'OCIt}( W
«— change velocity

] Va2 -
+4— change target position
D

Time
D
reverse JU

direction A2

Complex trapezoidal profile, showing parameter changes

It is acceptable to change any of the profile parameters while the ais is moving in this profile
mode. The profile generator will always attempt to remain within the legal bound of motion
spedfied by the parameters. If, during the motion, the destination pasition is changed in such a
way that an owershod is unavoidable, the profile generator will decderate until stopped, then
reverse direction to move to the spedfied pcsition. Note that since the diredion d
aaceleration/decderation is fixed at the start of the move, the decderation value will be used
when ramping up \elocity for the final move to the destination paition. Thisis siown in Figure
abouwe.

If a decderation value of O (zero) is programmed (or no value is programmed learing the
chipset's default value of zero), then the value specified for accderation will automaticadly be
used to set the magnitude of decderation.
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4.3 S-curve point-to-point profile

The following table summarizes the host spedfied profile parameters for the S-Curve paint to
point profile mode:

Position Set with Positioning FC's

Velocity Set with Positioning FC's

Accderation | Set during Initialisation a with the Change Parameter FC

Decderation | Set during Initialisation a with the Change Parameter FC

Jerk Set during Initialisation a with the Change Parameter FC

Caution: In S-curve profile mode, the same value must be used for both accderation and
decderation. Asymmetric profiles are not allowed.

The S-curve point-to-point profile ads a limit to the rate of change of accderation to the basic
trapezoidal curve. A new parameter (jerk) is added which spedfies the maximum change in
accelerationin asingle g/cle.

In this profile mode, the accderation gradually increases from 0 to the programmed accel eration
value, then the accderation decreases at the same rate urtil it reades 0 again at the programmed
velocity. The same sequence in reverse brings the ais to a stop at the programmed destination
paosition.

Segments
M
‘LI

' I ' v Lol ! Wil

| | | |

1 1 ! 1

1 1 ! 1

1 1 |

! W ! ! i A acceleration

: : - ! | D deceleration
= 1 | | ' W velocity
S | i l : J_jerk
o i ! | I
- 1 1 | :

1 1 ! 1

1 1 ! 1

1 1 ! 1

1 1 ! 1

1 1 |

1 1 ! 1

Time

S-curve profile

Figure above shows atypicd S-curve profile. In Segment I, the S-curve profile drives the ais at
the spedfied jerk (J) until the maximum acceéeration (A) is readied. The ais continues to
accelerate linealy (jerk = 0) through Segment I1. The profil e then applies the negative value of
the jerk to reduce accderation to 0 duing Segment Il1. The &is is how a maximum velocity
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(V), a which it continues through Segment V. The profile will then decderate in a manner
similar to the accéeration stage, using the jerk value first to reach the maximum decderation
(D), andthen to bring the aisto ahalt at the destination.

An S-curve profile might not contain all of the segments siown in the next two Figures. For
example, if the maximum acceeration canna be readhed before the "halfway" point to or from
the velocity, the profile would na contain a Segment 11 or a Segment V1. Such aprofileis shown
in next Figure.

Segments
N
r” )
I ! It ! \% ! v | vl
| | | |
1 1 1 |
| | | |
| | | |
. | | v | |
| | | |
E ! -J : : J | V velocity
@« : | ! ! J - jerk
= I I I |
[} 1 1
| |
| | |
] . . .
Time

S-curve that doesn't reach maximum acceleration

Similarly, if the positionis edfied such that velocity is not reached, there will be no Segment
IV, as saown in next Figure. (There may aso be no Segment Il or Segment VI, depending on
where the profileis "truncated.").

Segments

i VI

Velocity

Time

S-curve with no maximum-velocity segment
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Caution: Unlike the trapezidal profile mode, the S-curve profile mode does not support
changesto any of the profile parameterswhilethe axisisin motion.

An axis may not be switched into S-curve profile mode whil e the aisisin motion. It is however
legal to switch from S- curve mode to any other profile mode while in motion.

4.4 Velocity-contouring profile

The foll owing table summarizes the host spedfied profil e parameters for the velocity contouring
profile mode:

Velocity Set with Positioning FC's

Accderation | Set during Initialisation a with the Change Parameter FC

Decderation | Set during Initialisation a with the Change Parameter FC

Unlike the trapezoidal and S-curve profile modes where the destination pasition determines the
diredion d initia travel, in the velocity contouring profile mode the sign of the velocity
parameter determines the initial diredion d motion. Therefore the velocity value that is ent to
the chipset can have positive values (for positive direction motion) or negative values (for
negative direction motion).

In this profile, nodestination pasitionis gedfied. The motion is controll ed entirely by changing
the aceleration, velocity, and decderation parameters whil e the profil e is being exeauted.

In velocity contouring profile mode axis motion is not bounded by a destination. It is the
host’ s responsibility to provide accderation, decderation, and velocity values which result
in safe motion within acceptable position limits.

The trgectory is exeauted by continuowsly accderating the ais at the spedfied rate until the
velocity is readied. The ais garts decelerating when a new velocity is gedfied which hes a
smaller value (in magnitude) than the present velocity, or has a sign that is oppdsite to the
present direction o travel.
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Velocity-contouring profile
A simple velocity-contouring profil e looks just like asimple trapezoidal point-to-point profil e.

Figure @ove ill ustrates a more complicated profile, in which bah the velocity and the direction
of motion change twice

4.5 Electronic-gear profile

In this profile, the host spedfies three parameters. The first is the 'master’ axis number which is
the aisthat will be the source of positioninformation wsed to drive the 'slave’ axis, which is the
axisin gea mode. The seaondis the gea source which is either actual (the encoder position o
the master axis) or commanded (the cmmanded pasition d the master axis). The third is the
gear ratio, which spedfies the direction and ratio of master gear courts to slave courts.

Figure below shows the arangement of encoders and motor drivesin atypicd eledronic gearing
application.
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Axes set up for electronic-gear profile

A positive gear ratio value means that when the master axis adual or commanded pasition is
increasing the slave cmmanded pasition will also increase. A negative gear ratio value has the
oppasite dfect; increasing master position will result in deaeasing slave ais commanded
position.

For example, let us assume the slave ais is axis #0 (axes are ourted 0, 1) and the master axis
are set to axis #1. Also assume the source will be 'adual’ with a gear ratio of -1/2. Then for each
pasitive encoder count of axis 1, axis 0 commanded pasition will deaease in value by 1/2 coun,
and for each negative encoder court of axis 1, axis 0 commanded pasition will i ncrease in value
by 1/2 court.

The dedronic gear profil e requires both two axesto be enabled.

If the master axis urceis <t to ‘actud’, this axis need na have aphysica motor attaded to it.
Frequently, it is used ony for its encoder inpu, for example from a directly driven (open-loop)
motor, or a manua control. It is possble, howvever, to drive amotor on the master axis by
enabling the ais and applying a profile mode other than eledronic gear to the ais. The dfed of
this arrangement is that both master and slave can be driven by the same profil e, even though the
dave can drive & a different ratio and in a different direction if desired. The master axis will
operate the same whether or not it happens to be the master for some other geared axis. The
‘optional’ comporents $iown in Figure éowe ill ustrate this arrangement. Such a cnfiguration
can be used to perform useful functions such aslinea interpoation d two axes.

The gear-ratio parameter may be changed while the axisisin motion, but care should be
taken to seled ratios  that safe motion is maintained.
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4.6 Motor Mode

The Modue dipsets suppat a programmable motor mode that can enable and dsable the profile
generator, and can set the chipsetsto open loopmode or closed loopmode.

If the motor mode is st to onthen the trajectory generator is adive. If the motor mode is st to
off then the profil e generator is disabled. In addition, if the motor mode is st off then the dhipset
enters open loop mode which means the servo filter is disabled and the motor command (the
current output level requested by the dipset) is determined manually by the host using the
change parameter (MotorCommand). If the motor mode is st on then the motor command is
determined by the servo loop.

The most common wse of the motor mode in anything other than the standard "on" state is after a
motion error. In the cae of a motion error (and if auto stop is enabled) then the dhipset will set
the motor mode off automaticdly, thereby placing it in a safe state where no further motion can
occur urtil the host explicitly restores the motor mode to the on condtion. For more information
onmotion errors eesedion 7.1.

It may also be useful to set the motor mode to off for purposes of amplifier cdibration.
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5 The Servo Loop

5.1 Overview

A servo loopis used as part of the basic method d determining the motor command ouput. The
function d the servo loop is to match as closely as possble the commanded pasition, which
comes from the trgjedory generator, and the adual motor position.

To acomplish this the profile generator commanded value is combined with the ad¢ua encoder
paosition to creae apasition error, which is then passed through a digital PID-type servo filter.
The scded result of the filter cdculation is the motor command, which is output to the motor
amplifier.

5.1.1 PID loop algorithm

The servo filter used is a propational-integral-derivative (PID) agorithm, with velocity and
acceleration feed-forward terms and an ouput scde fador. An integration limit provides an
upper bound for the accumulated error. An optional bias value can be alded to the filter
cdculation to produce the final motor output command. A limiti ng value for the filter output
provides additional constraint.

The PID + V+A¢ formula, including the scde factor and basterms, is asfoll ows:

Output, = ﬁ(PEn +Ky (B ~Eyy )+ K, x Z Ej + K., (CdVel) + K (CmdAccel)E[x K., +Bias
=

where:

lim isthe Integration Limit

En are the acemulated error terms

K| isthe Integral Gain

Kg isthe Derivative Gain

Kp  isthePropational Gain

Ks  isthe Accderation feed-forward

Kw  istheVeocity feed-forward

Bias isthe DC motor off set

Kot ISthescdefactor for the output command.

All filter parameters, the motor output command limit, and the motor bias are programmable, so
that the filter may be fine-tuned to any application.
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The structure of the digital filter is snown in Figure below.
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5.1.2 Motor bias

When an axis is sibjed to a net external force in ore diredion (such as a verticd axis pulled
downward by gravity), the servo filter can compensate for it by adding a @mnstant DC bias to the
filter output.

5.1.3 Output limit

The motor output limit prevents the filter output from excealing a boundry magnitude in either
diredion. If the filter produces a value greater than the limit, the motor command takes the
limiti ng value.

The motor limit applies only in closed-loop mode. It does nat affed the motor command vaue
set by the host in open-loop mode (see next sedion for more information on o@n and closed
loop oferations).

5.2 Closed-loop and open-loop control modes

In a previous ction motor mode is discussed. For al Navigator chipsets stting the motor
off has the eff ect of disabling the tragjectory generator. In addition havever, turning the motor off,
or having the motor be turned off automatically by the diipset via amotion error, places the
chipset into what is known as 'open loop' mode. In gpen loop mode the servo filter does not
operate and the motor command ouput value is st manualy by the host changing the
MotorCommand value. With the motor ‘on’ the chipset isin 'closed loop' mode and the motor
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command value is controlled automatically by the servo filter. Figure below shows the control
flow for open and closed loop ogeration.

Motor command
register

Open loop mode
PWM or DAC To amp.
signal generator
Closed loop mode

PID servo
filter

Trajectory
generator

Actual position (from encoder)

Closed-loop mode is the normal operating mode. Open-loop mode is typicdly used when ore or
more aes require torque antrol only, or when the amplifier must be cdi brated.

Limit switchesdo not function in open-loop mode.

5.2.1 Motor biasin open-loop mode

The motor bias applies at all timeswhen operating in closed-loopmode. If the aisis witched to
open-loop mode, the bias value @ntinues to be output to the motor, to prevent the ais from
suddenly lurching in the diredion d the external force. Once the host issues a new motor
command, havever, its value supersedes the bias output, which no longer has any effed. As
soonasthe aisreturnsto closed-loopmode, the previous bias valueis reinstated.

If the spedfied bias value does not properly compensate for the external force, the axis may
move suddenly in one direction or another after a MotorMode Off instruction. It is the
responsibility of the user to seled a motor biasvaluethat will maintain safe motion.
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6 Parameter update and breakpoints

6.1 Parameter buffering

Various parameters must be specified to the chipset for an axis to be controlled correctly. In some cases it
may be desired that a set of parameters take effect at the exact same time to facilitate precise synchronized
motion.

To suppott this all profile parameters and several other types of parameters such as setvo parameters

ate loaded into the chipset using a buffered scheme. These buffered commands ate loaded into an atea of the
chipset that does not affect the actual chipset behavior until a special event known as an Update occurs. An
Update causes the buffered registers to be copied to the active registets, thereby causing the chipset to act on
the new parametets.

For example if you use the FC 23 and set only the load flag, Function loads values in but they will not
become active (take effect) until an Update is given:

After this Function is completed the buffered registers for these parameters are loaded into the chipset but
the trajectory generator module still operates on whatever the previous trajectory profile mode and
parameters were. Only when an Update occurs will the trajectory profile mode actually be changed to
trapezoidal and the specified parameters loaded into the trajectory generatot, causing the trajectory generator
to start the programmed motion.

6.1.1 Updates
There aethreedifferent ways that an Update can occur. They are listed below:

1) Update ommand - The simplest way is to give an Update command. This causes the
parameters for the programmed axis to be updated immediately. In the motion Functions the
Update command occur when the start flag is <.

2) MultiUpdate cmmand - The multi ple ais instantaneous update, which is gecified using the
MultiUpdate cmmand, causes multiple axes to be updated simultaneously. This can be useful
when synchronized multi-axis profiling is desired. This command takes a 1-word argument that
consists of a bit mask, with 1 bt assgned to each axis. Exeauting this command hes the same
effect as ending a set of Update commands to each o the individual axes sleded in the
MultiUpdate command mask.

3) Bre&kpoaints - There is avery useful fadlity suppated by the dipset that can be programmed
to generate an Update cmmand automatically when a pre-programmed condition becomes true.
Thisfeaure is known as the breakpaint facili ty, and it is useful for performing operations sich as
"automatically change the velocity when a particular position is readed”, or "stop the ais
abruptly when a particular external signal goes adive." Bre&points are discussed in more detalil
insedion 6.2.

Whichever Update methodis used, at the time the updete occurs, al of the buffered registers and
commands will be pied to the active registers. However, depending on which calculations have
arealy been performed in the servo loop, these values may not be used urtil the next cycle.
Before the Update occurs, sending buffered commands will have no effed on the system
behavior. In addition to profile generation most servo parameter commands are buffered, and
some other commands are buffered. Following is a complete list of buffered values and
commands.

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
H320 xx7_26 778 El.doc Page 51 of 73



SAIA-Burgess Electronics

SWITCHES = MOTORS = CONTROLLERS H
16. Juli 2001

6.2 Breakpoints

Breakpoints are aconvenient way of programming a dhipset event uponsome specific condtion.
Depending on the bre&point instruction's arguments, a breakpoint can cause ax upcite; an
abrupt stop followed by an update; a smooth stop followed by an updite; a motor-off foll owed
by an update (more onthisfunctionin alater sedion); or no action whatsoever.

Eadh Navigator axis has two bre&kpoints that may be programmed for it. So two completely
separate cndtions may be monitored and aded upon.These two bre&points are known as
bre&kpoint 1 and lre&point 2.

6.2.1 Defining abreakpoint, Overview

Eadch bredkpoint has five comporents. the breakpoint axis, the source &is for the triggering
event, the event itself, the ationto be taken and the comparison value.

The breakpoint axis is the ais on which the spedfied adion is to be taken. The source axis is
the ais on which the triggering event is located. It can be the same & or different than the
brea&paoint axis. Any number of bregkpoints may use the same ais as a source axis.

The trigger is the event that causes the bre&point. The action is the sequence of operations
exeauted by the dipset when the breakpoint is triggered. After a breakpaoint is triggered the
action is performed onthe bre&point axis. The comparison value is used in conjunction with the
adion to define the bre&kpoint event. Altogether these parameters provide great flexibility in
setting breakpoint condtions. By combining these ammponents, amost any event on any axis can
cause abreakpoint.

The command wsed to send the breakpoint axis, the trigger, the source «is and the adion is
SetBreakpoint. To retrieve these same values the command GetBreakpoint is used. To set the
comparison value the cmmmand SetBre&kpointVaue is used. This comparison value can be
retrieved using the command GetBreakpointValue. For each of these ammmands the breakpoint
number (1 or 2) must be spedafied.

6.2.2 Breakpoint triggers
The Navigator motion procesors suppat the foll owing bregpoint trigger condtions:

Trigger Condition Level or | Description
Threshold

GreaerOrEqual threshold | Is satisfied when the arrent commanded pgsition is
CommandedPosition equal to or greater than the programmed compare value.
LesserOrEqua threshold | Is satisfied when the arrent commanded pgsition is
| CommandedPosition egual to or lessthan the programmed compare value.
GreaerOrEqual threshold | Is satisfied when the aurrent adual paositionis equal to o
ActualPosition greder than the programmed compare value.
LesserOrEqual threshold | Is satisfied when the aurrent adual paositionis equal to o
ActualPosition lessthan the programmed compare value.
CommandedPosition threshold | Is satisfied when the aurrent commanded pasition crosses
Crossd (is equal to) the programmed compare value.
ActuaPositionCrossed | threshodld | Is satisfied when the aurrent adual position crosses (is

egual to) the programmed compare value.
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Time threshold | Is satisfied when the airrent chipset time (in number of
cycles snce power-up) is equal to the programmed
compare value.

EventStatus level Is satisfied when the EventStatus register matches bit
mask and hgh/low pattern in programmed compare
value.

ActivityStatus level Is satisfied when the ActivityStatus register matches bit
mask and hgh/low pattern in programmed compare
value.

Signal Status level Is satisfied when the SignalStatus register matches bit
mask and high/low pattern set in programmed compare
value.

nore Disables any previoudly set breakpaint.

If "none" is sleded for the bregpaint trigger then this effedively means that that bregkpoint is
inadive. Only one of the abowe triggers can be selected at a given time. For a description d level
triggered bre&points refer to section 6.2.4.

6.2.3 Threshold-triggered breakpoints

Threshold triggered breakpoints use the value set using the SetBreakpointValue command as a
single 32-hit threshold value to which a comparison is made. When the cmparison is true, the
bre&point istriggered.

For example, if it is desired that the trigger occur when the cmmanded pasition is equal to o
greder than 1,000,000then the comparison value loaded using SetBre&pointVaue would be
1,000,000and the trigger seleded would be PositiveCommandedPositi on.

6.2.4 Leve-triggered breakpoints

To set alevel-triggered bre&kpaint, the host instruction supgies two 16-bit data words: a trigger
mask and a sense mask. These masks are set using the SetBregpointValue instruction. The high
word of data passed with this command is the trigger mask value; the low word is the sense mask
value.

The trigger mask determines which hits of the seleded status register are enabled for the
bre&kpoint. A 1 in any position d the trigger mask enables the mrrespondng status register bit
to trigger a breakpaoint, a 0 in the trigger mask disables the @rrespondng status register bit. If
more then ore bit is sleded, then the breakpoint will be triggered when any seleded hit enters
the spedfied state.

The sense mask determines which state of the @rrespondng status bits causes a bregkpoint. Any
status bit that isin the same state (i.e. 1 a 0) as the @rrespondng sense bit is eligible to cause a
breakpoint (assuming of course that it has been selected by the trigger mask).

For example, if the activity status register breakpoint has been seleded, and the trigger mask
contains the value 0402hand the sense mask contains the value 0002h,then the breakpaint will
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be triggered when hit 1 (the ‘at max velocity’ indicaor) assumes the value 1, o bit 10 (the ‘in
motion’ indicaor) assumes the value 0.

6.2.5 Breakpoint actions

Once abre&paint has been triggered, the dipset can be programmed to perform one of the
foll owing instruction sequences:

Action Command Sequence Exeauted
None No commands exeauted.
Update Update axis.

Abrupt Stop SetStop axis, AbruptStop Update axis

SmocathStop SetStop axis, SmoothStop Update axis

M otorOff SetMotorMode axis, Off Update axis

Regardlessof the host’s action, orce abreakpoint condtion hes been satisfied, the Event Status
bit correspondng to the breakpoint is st and the breakpaint is deadivated.

6.2.6 Breakpoint Examples
Here ae afew examplesto ill ustrate how bre&points can be used.
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7 Status Registers

7.1 Overview

The Navigator Motion Processor can monitor almost every aspect of the motion of an axis. There are
numerous numetical registets that can be quetied to determine the current state of the chipset, such as the
current actual position, the cutrent commanded position, etc. In addition to these numerical registers there
ate three bit-otiented status registers which provide a continuous repott on the state of a particular axis.
These status registers conveniently combine a number of separate bit-otiented fields for the specified axis.
These three 16-bit registets are Event Status, Activity Status, and Signal Status.

The host may query these three registers, or the contents of these registers may be used in breakpoint
operations to define a triggering event such as "trigger when bit 8 in the signal status register goes low."
These registers are also the source of data for the AxisOut (see Section 9.2) mechanism, which allows any bit
within these three registers to be output as a hardware signal.

7.1.1 Event Statusregister

The Event Status register is designed to tecord events that do not continuously change in value, but rather
tend to occur once upon some specific event. As such, each of the bits in this register is set by the chipset
and cleared by the host.

The EventStatus register is defined in the table below:

Bit | Name Description

0 Motion complete Set when a trgectory profile mmpletes. The motion bkeing
considered complete may be based onthe commanded pasition a
the ad¢ual encoder paosition. Seesection 7.3for more detall s.

1 Position wraparound | Set when the ad¢ual motor pasition exceals 7FFFFFF-h (the most
paositive pasition) and wraps to 80000000h(the most negative
pasition), or viceversa.

Breakpoint 1 Set when breakpoint #1 istriggered.
Capture receved Set when the high-speed pasition cgpture hardware acquires a new
paosition value.
4 Motion error Set when the adual paosition dffers from the commanded pasition
by an amournt more then the spedfied maximum paosition error.
5 Positive limit Set when a positi ve limit switch event occurs.
6 Negative limit Set when a negative limit switch event occurs.
7 Instruction error Set when an instruction error occurs.
8-13 | Reserved May contain 1 or O.
14 | Breakpoint 2 Set when breakpoint #2 istriggered.
15 | Reserved May contain O or 1.

The mmmand GetEventStatus (or FC 26 read Position and Status) returns the wntents of the
Event Status register for the spedfied axis.
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Bits in the Event Status register are latched. Once set, they remain set until cleaed by a host
instruction a a system reset. Event Status register bits may be reset to 0 by the instruction
ResetEventStatus (the motion functions are reseting some oft the Event Status register bits),
using a 16-bit mask. Register bits correspondng to Os in the mask are reset; al other bits are
unaff ected.

7.1.2 Instruction error

Bit 7 of the event status register indicates an instruction error. Such an error occurs if an
otherwise valid instruction a instruction sequenceis snt when the Navigator’s current operating
state makes the instructions invalid. Instruction errors occur at the time of an updhte.

Shoud an instruction error occur the invalid parameters are ignored, and the Instruction Error
indicator of the event status register is %t. While invalid parameters chedked at the time of the
upcete ae ignored, valid parameters are sent on. This can have unintended side effects
depending on the nature of the motion sequence so al i nstruction error events soud be treaed
very serioudly.

7.1.3 Activity Statusregister

Like the Event Status register, the Activity Status register trads various chipset fields. Activity
Status register bits however are not latched, they are continuously set and reset by the chipset to
indicae the states of the correspondng condtions.

The ActivityStatus register is defined in the table below:

Bit | Name Description

0 Reserved May contain O or 1.

1 At maximum | Set (1) when the commanded velocity is equal to the maximum
velocity velocity specified by the haost. Cleared (0) if it is not. This bit

functions only when the profile mode is trapezoidal, velocity
contouring, or S-curve. It will not function when the diipset isin
eledronic geaing mode.

2 Position tradking Set (1) when the servo is keeguing the ais within the Tradking
Window. Cleaed (0) when it isnot. SeeSedion 6.2.

3-5 | Current profile mode | These bits indicae the profile mode airrently in effed, which
might be different than the value set using the SetProfileMode
command if an Update command hes not yet been issued. The 3
bits define the aurrent profile mode as foll ows:

bit 5 it 4 i3 Profile Mode
0 0 0 trapezoidal
0 0 1 elowity c ontouring
0 1 0 S-curve
0 1 1 eledronic g ea.
6 AXxis sttled Set (1) when the ais has remained within the Settle Window for a
spedfied period d time. Cleaed (0) if it has not. SeeSection 8.5.
Reserved May contain O or 1.
Motor mode Set (1) when the motor is "on", cleared (0) when the motor is off."
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When the motor is on this means that the cipset can perform
trajedory operations, and the diipset is in closed loop mode and
the servo loop is operating. When the motor is off this means
trgedory operations canna be performed and the dipset is in
open loop mode ad the servo loop is disabled. The
SetMotorMode command is normally used to seled the mode of
the motor, however the chipset will reset the mode to O (turn the
motor off) if amotion error occurs.

Position cgpture

Set (1) when a new position value is available to read from the
high speed cgpture hardware. Cleaed (0) when a new value is not
yet been captured. While this bit is st, no rew vaues will be
cgptured. The command GetCaptureValue retrieves a catured
pasition value and clears this bit, alowing additional captures to
occur.

10

In-motionindicaor

Set (1) when the trgedory profile cmmmanded pgsition is
changing. Cleaed (0) when the commanded pgasition is not
changing. The value of this bit may or may not correspondto the
value of the motion complete bit of the event status register
depending on whether the motion complete mode has been set to
commanded or actual .

11

In pasitive limit

Set (1) when the motor isin a pasitive limit condtion. Cleared (0)
when it isnot.

12

In negative limit

Set (1) when the motor isin anegative limit condtion. Cleaed (0)
when it isnot.

13
15

S-curve segment

Indicates the S-curve segment number using values 1-7 to indicate
S-curve phases 1-7 as own in the S-curve trgjedory sedion o
this manual. A value of O in this field indicaes the trgjedory is
nat in motion. Thisfield is undefined for profile modes other than
S-curve, and may contain O'sor 1's.

The command GetActivityStatus returns the ntents of the Activity Status register for the
spedfied axis. Or The Motion Function FC26 Get Position and Status give the Activity Status

bad.

7.1.4 Signal Status

The signa status register provides rea time signal levels for various chipset 1/0O pins. The
Signal Status register is defined in the table below:

Bit | Name Description

0 A encoder A encoder A signal of quadrature encoder inpu.
1 B encoder B signal of quadrature encoder inpu.

2 Index encoder Index signal of quadrature encoder inpu.

3 Home Home pasition cgpture inpu.
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4 Positive limit Positive limit switch inpu
Negative limit Negative limit switch inpu.
Axisln Generic aisinpu signa

7-9 | Reserved

10 | AxisOut Programmable ais output signal.

11- | Reserved

15

The cmmand GetSignal Status returns the cntents of the Signal Status register for the spedfied
axis. All Signal Status register bits are inputs except bit 10 (AxisOut).

The bits in the signa status register aways represent the actual hardware levels on the
correspondng pins. A 1 in this register represents an eledricaly high value on the pin; a 0
indicates an electricdly low level. The state of the signal sense mask affeds the value read using
GetSignal Status (seethe next sedion for more information onthe signal sense mask).

7.1.5 Signal Sense Mask

The bits in the signal status register represent the high/low state of various sgna pins on the
chipset. How these signal pins are interpreted by the dhipset may be wntrolled using a signal
sense mask. This is useful for changing the interpretation d inpu signals to match the signa
interpretation d the user's hardware.

The Signal Sense mask register is defined in the table bel ow:

Bit Name Interpretation

0 A encoder Set (1) to invert quadrature A inpu signal. Clea (0) for no
inversion.

1 B encoder Set (1) to invert quadrature B inpu signal. Clear (0) for no
inversion.

Index encoder Set (1) to invert Index signal. Clear (0) for noinversion.

Home Set (1) to invert home signal. Clea (0) for noinversion.

Positive limit Set (1) for active high interpretation d positive limit switch,
meaning positive limit occurs when signal is high. Clear (0) for
adive low.

5 Negative limit Set (1) for active high interpretation d negative limit switch,
meaning negative limit occurs when signal is high. Clear (0) for
adive low.

6 Axislin Set (1) to invert Axisin signal. Clea (0) for noinversion.

7-9 Reserved

10 AxisOut Set (1) to invert AxisOut signal. Clea (0) for noinversion.

11-15 | Reserved
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The command SetSignal Sense sets the signal sense mask value. The command GetSignal Sense
retrieves the airrent signal sense mask.

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
H320 xx7_26 778 El.doc Page 59 of 73



SAIA-Burgess Electronics

SWITCHES = MOTORS = CONTROLLERS H
16. Juli 2001

8 Monitoring Motion Performance

8.1 Motion Error

Under certain circumstances, the adua axis position (encoder position) may differ from the
commanded pasition (instantaneous output of the profile generator) by an excessve anourt.
Such an excessve position error often indicates a potentially dangerous condtion such as motor
or encoder failure, or excessve mechanical friction.

To deted this condtion, thereby increasing safety and equipment longevity, the Navigator
chipsetsinclude aprogrammable maximum position error.

The maximum position error is %t using the command SetPositionErrorLimit, and read badk
using the command GetPositionErrorLimit. To determine whether a motion error has occurred
the pasition error limit i s continuowsly compared against the actual pasition error. If the position
error limit valueis excealed, then the aisis sid to have had a"motion error."

At the moment a motion error occurs, several events occur simultaneously. The Motion Error bit
of the event status word is <. If automatic stop onmotion error is enabled the motor is st off,
which hes the effect of disabling the tragjectory generator. It has the alditional effect of disabling
the servo loop and gdacing the diipset into open loop mode. This is the equivalent to a
SetMotorMode axis, Off command.

To recover from a motion error that results in the motor being turned doff, the cause of motion
error shoud be determined and the problem correded (this may require human intervention).
The host shoud then issue aSetMotorMode axis, On command.

After the dowve sequence, the aiswill be & rest, with the motor on.

If automatic stop onmotion error is not set then oy the motion error status bit is st, the motor
is not stopped and no remvery sequence is required to continue operating the dipset.
Nevertheless for safety reasons, the user may still want to manually shut down the motion and
explore the cause of the motion error.

8.1.1 Automatic Stop On Motion Err or

Because amotion error may indicate aserious problem it is useful to have the ais automaticdly
stop urtil the problem can be aldressed and rectified. This fedure is known as automatic stop on
motion error.

The command SetAutoStopMode @ntrols the action that will be taken if a motion error occurs.
The options for this command are disable and enable.

If autostop is enabled, when a motion error occurs a SetMotorMode Off command is generated
which has the effect of instantaneously halting the trgedory generator and (for servo chipsets)
putting the dhipset into open loop.

For stepping chipsets the motor will stop moving immediately (same & an abrupt stop). For
servo chipsets the trgjedory will stop instantly but because motor off means open loop mode the
motor will coast to a stop nd under servo control in an amourt of time determined by the
velocity at the time of motion error and the inertia of the system.

For the servo chipsets, transitioning to gpen loop mode can be dangerous if the ais is oriented
verticdly, because the ais may fall downward dwe to gravity if not suppated by the servo
feedback. This problem can be redified by use of the motor bias value, which is discussd in
Sedion 6.1.2.
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The motor bias is a fixed, open-loop command to the motor, which is added to the PID filter
output. Upon a motion error with automatic stop enabled, the motor bias will be output even
while the dipset is in open loop mode. Thus, with a properly set motor bias, if the ais
experiences amotion error and transitions to open loop mode, the motor bias can prevent the ais
from falli ng.

Caution: Becuse the motor bias value is applied 'open-loop' to the axis, care should be
taken when setting itsvalue.

8.2 Tracking window

The Navigator chipsets provide aprogrammable tracking window that can be used to monitor
servo performance outside the cntext of a motion error. The tradking window functions
similarly to the motion error, in that there is a programmable pasition error limit within which
the ais must stay. Unlike the motion error fadlity however, if the ais moves outside of the
tradking window the aisis not stopped. The tradking window is useful when external processes
depend onthe motor tracking the desired trgjectory within some range. Alternatively the tradking
window can be used as an early warning for performance problems that do nd yet qualify as a
motion error.

To set the size of the tradking windonv (maximum alowed pasition error to stay within the
traking window) the oommand SetTrackingWindonv is used. The mmand
GetTrackingWindow retrieves this same value.

When the position error is lessthan o equal to the window value the tracing Lt in the adivity
status register is st. When the paosition error exceeds the tracking window value, the tradking bit
iscleaed. See Figure The Tracking Window.

8.3 Motion Complete I ndicator

In many cases it is useful to have the dipset signal that a given motion profile is complete. This
functionis avail able in the motion compl ete indicaor.

The motion complete indicaor appeasin hit O of the event status register. As are dl hitsin the
event status register, the motion complete bit is st by the chipset and cleared by the host. When
amotion has been completed, the dipset sets the motion complete bit on. The host can examine
this bit by pdling the event status register or the host can program some automatic foll ow-on
function wsing a bre&kpoint, a host interrupt, or an AxisOut signal. In either case, once the host
has reaognized that the motion has been completed the host shoud clear the motion complete bit,
enabling the bit to indicate the end d motion for the next move.

Motion complete can indicae the end d the trgjedory motion in ore of two ways. The first is
commanded; the motion complete indicaor is st based onthe profile generator registers only.
The other method is adual, meaning the motion complete indicator is based on the actua
encoder. The host instruction SetM otionCompleteM ode determines which condtion controls the
indicaor.

When set to commanded, the motion is considered complete when the trgjedory generator
registers for commanded velocity and accderation bdah become zero. This normally happens at
the end d a move when the destination paition hes been reached. But it may also happen as the
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result of a stop command (SetStop command), a diange of velocity to zero, a when a limit
switch event occurs.

When set to adtual, the motion is considered complete when all of the following have occurred.
* The profile generator (commanded) motion is complete.

» The difference between the actual paosition and the mommanded pasitionis lessthan o equal
to the value of the settle window. The settle window is st using the @mmand
SetSettleWindow. This same value may be read badk using the cmmmand GetSettleWindow.

* The &owe two condtions have been met continuowsly for the last N cycles, where N is the
programmed settle time. The settle timeis st using the mmmand SetSettleTime. This same
value may be read badk using the mmmand GetSettleTime.

At the end d the trgjedory profile the cycle timer for the actual-based motion complete
medchanism is cleaed, so there will always be & least an N cycle delay (where N is the settle
time) between the profil e generator being complete and the motion complete bit being set.

Appropriate software methods dould be used with the actual motion complete mode
becuseit isin fact posgble that the motion complete bit will never be set if the servo is not
tracking well enough to stay within the programmed position error window for the
spedfied settletime.

The motion complete bit functions in the S-curve point-to-point, Trapezoidal point-to-point, and
Velocity Contouring profile modes only. It does nat function when the profile mode is set to
Eledronic Geaing.

8.4 In-motion indicator

The chipset can indicate whether or not the aisis moving. This functionis avail able through the
‘in-motion' indicator.

The in-motion indicaor appears in bt 10 d the adivity status register. The in-motion bt is
similar to the motion complete bit however there ae two important differences. The first is that
(like dl bits in the adivity status register) the in-motion indicaor continuowsly indicates its
status without interadion with the hast. In ather words the in-motion kit cannat be set or cleared
by the host. The other difference is that this bit aways indicaes the profile generator
(commanded) state of motion, nd the adual encoder.

The in-motion indicaor bit functions in the S-curve point-to-point, Trapezoida point-to-point,
and Velocity Contouring profile modes only. It does not function when the profile mode is st to
eledronic geaing.

8.5 Settled indicator
The dipset can aso continuowsly indicate whether or not the ais has 'settled'.

The settled indicaor appearsin hit 6 of the adivity status register. The settled indicator is smil ar
to the motion complete bit when the motion complete mode is st to adual. The differences are
that the settled indicaor continuowsly indicates its datus (canna be set or cleared) and also that
it indicates regardlessof whether or not the motion complete mode is st to actual.
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The ais is considered to be 'settled’ when the ais is at rest (i.e. na performing a trajectory
profile) and when the actual motor position hes sttled in at the commanded pgsition for the
programmed settle time.

The settle window and settle time used with the settled indicaor are the same as for the motion
complete bit when set to adual. Correspondngly the same wmmands are used to set and read
these values: Set/GetSettleWindow, Set/GetSettleTime.

Calculated
frajectory
Actual
Tracking frajectory
windonwe
. Settle
T 0 window
In Maotion I
Maotion Complets |
Settle
Tracking L
3 F ) 1
Moved outside Moved back inside Trajectory Axis settled
window window finished
The tracking window
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Sattle window

Tracking window

In motion |

Motion complete

|
i -
Settle i

Axis seftled
Trajectory finished; Axis out of window; Axis back inside window;
settle timer started settle timer stopped settle timer restarted
and reset

The settle wind ow

26/778E1 [0 Copyright Saia-BurgessControls Ltd.
H320 xx7_26 778 El.doc Page 64 of 73



SAIA-Burgess Electronics

SWITCHES = MOTORS = CONTROLLERS H
16. Juli 2001

9 Hardware Signals

There ae anumber of signals that appear on each axis of the Navigator chipsets, which can be
used to coordinate dhipset adivity with events outside the dipset. In this ssdionwe will discuss
these signals. They are the bidirectional travel limit switches, the Axisln pin, and the AxisOut
pin. These signals appear on each axis of the dipset.

9.1 Traved-limit switches

The Navigator chipsets suppat motion travel limit switches that can be used to automaticdly
reagnize an "end of travel" condtion. Thisis an important safety fedure for systems that have a
defined range of motion.

The following figure shows a schematic representation d an axis with travel-limit switches
install ed, indicaing the "legal" motion area and the over-travel or ill egal region.

negative limit positive limit
switch switch
L Legal travel region
negative positive
over-travel over-travel

Directional limit switch op eration

The positive and regative switches are cnneded to CP chip inpus LS1 and LS2, to detect
overtravel in the paositive and regative diredions, respedively.

There ae two primary functions that the Navigator provides in conredion with the over-travel
limit switch inpus. The host can be astomaticdly natified that an axis has entered an over-travel
condtion, allowing the host to take gpropriate specia action to manage the over-travel
condtion.

Upon entering an over-travel condtion, the trajedory generator can be attomaticdly halted, so
that the motor does nat travel further into the over travel region.

Limit switch processng may be enabled or disabled for a given axis through the command
SetLimitSwitchMode. This ssmeregister can be read using the mmmand GetLimitSwitchMode.

If limit processng is enabled then the dhipset will constantly monitor the limit switch inpu pins
looking for a limit switch event. A limit switch event occurs when a limit switch goes adive
while the ais commanded pasition is moving in that limit switch’s diredion. If the ais is not
moving, is in open-loop mode, or is moving in the oppdasite diredion, then a limit switch event
will not occur. For example apositive limit switch will occur when the ais commanded pasition
is moving in the pasitive diredion and the pasitive limit switch goes active. However it will nat
ocaur if the akis commanded pasitionis moving in the negative diredion a is gationary.
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The "sense" of the limit switch inpus (adive high o active low) can be cntrolled using the
SetSignal Sense ommand.

When alimit event occurs, the dchipset will generate an abrupt stop thereby halting the motion. In
addition, the bit in the event status register correspondng to the active limit switch will be set.
Finally, the gpropriate bit in the adivity status register will be set. Once an axis has entered a
limit switch condtion the foll owing steps shoud be taken to clear the limit switch event:

* Unlesslimit switch events can occur during norma machine operation the caise of the event
shoud beinvestigated and appropriate safety corredions made.

 The limit switch hit(s) in the event status register shoud be deaed by issing the
ResetEventStatus command. No motion is possble in any direction while ather of the limit
switch hitsin the event status register is st.

* A move shoud be made in the diredion oppaite to the diredion that caused the limit switch
event. This can be awy profile move that 'bads the ais out of the limit. If the host instead
attempts to move the ais further into the limit, a new limit event will occur and an
instruction error will be generated. (See sedion 7.1.2 oninstruction errors for more
information).

If the limit switches are wired to separate switches it shoud nda be possble for bath limit
switches to be adive & the same time. However, if this does occur (presumably due to a special
wiring arrangement) then bah limit switch hitsin the adivity status register would be set, thus
disabling moves in either diredion. In this case, the SetLimitMode command shoud be used to
temporarily disable limit switch processng whil e the motor is moved doff of the switches.

NOTE: Limit switches do not function when the dipset is in 'motor off', also known as
‘open-loop' mode.

9.2 The AxisOut pin

Ead axis has a genera purpose ais output pin which can be programmed to trad the state of
any of the assgned hits in the Event Status, Activity Status, or Signal Status registers. The
tradked hit in ore of these three registers may be in the same ais or in adifferent axis asthe ais
of the AxisOut pin itself. This function is useful for outputting hardware signals to trigger
externa peripherals.

The dipset command SetAxisOutSource may be used to configure the ais output pin. This
command takes a single word as an argument. The value of this parameter is interpreted as
foll ows:

Bit Name Description

0-3 Source «is Spedfiesthe aisto be used as a sourcefor the ais output signal.
The ais output pin will follow the spedfied register bit of the
source &is. Writing a zero indicaes axis 1, writing a one
indicaes axis 2, etc.

4-7 Bit number Indicates which hit in the selected status register will be foll owed
by the ais output pin. Bits are numbered from 0 to 15where bit O
indicaes the least significant bit.

8-11 | Statusregister Indicates which register will be used as the source for the ais
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output. The encoding is as foll ows:

ID Register

0 None, the axis output pin will always be inactive
1 Event status register

2 Activity status register

3 Signal status register

4-15 Reserved, do nd use

12-15 | reserved

Reserved for future use. Shoud be written as zeros.

Note that the AxisOut pin may be @nfigured to be adive low or adive high using the
SetSigna Sense command.

It is possble to use the AxisOut pin as a software- programmed drect output bit under direa
hast control. This can be dore by seleding zero as the register ID code in the SetAxisOutSource
command and by adjusting the level of the resulting inadive output state to high or low as

desired using the SetSigna Sense command.

9.3 TheAxisIn pin

Each axis has an inpu pin (Axisln) which can be used as a general purpose inpu, readable using
the GetSignaStatus command, as well as to trigger automatic events such as performing a

motion change (stop, start, change of velocity, etc.) uponasignal transition wsing bregpoints.

No speda commands are required to setup up @ enable the Axisln signals.
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10 Direct AccesstotheH320 Controller

10.1 Introduction

This document describes the configuration and the adlressing Modes of the PCD2.H320 with the xx7.
With drect peripherie acess it is possible to adressthe H320 Module. The Module needs a peripherie
field of 64 Byte for input and 64 Byte for output data.

It is not possble to adressthe H320 Modul in the Start OB (OB100, OB101).

10.2 Definition in the Peripherie DB

The definition of the H320 Modul is done in the periferie definition DB (DB1 or DB511). The H320
needs two places in the PCD. In the definition DB it needs two modue entrys.

The Modul definition hes the following structure:

+4.0| [toaul1 STRUCT PCDZ.H320

+0.0| [kemn WORD VELEHE4

+z.0| |pamr INT o

+4.0| |Incne INT 54

+6.0| |ouccne INT 54

+2.0| |InBase T 200
#10.0| |outBase InT 300
#12.0| |mask ETTE E#1640
Flz 0| |dvawy b EYTE BELE40
k14.0| |dvmuy_w WORD VELEHO
El6.0 END_STEUCT
#20.0| [Moaulz STRUCT

+0.0| [kenn WORD WELEHD

+z2.0| |pamr INT o

+4.0| |Incne INT o

+6.0| |ouccne T a

+8.0| |InBase INT o
+10.0 OutBase INT o
$1z.0| |mask EYTE E#1640
#12.0| |duwy b BYTE BELE#0
$la. 0| [dumwy w UORD UELEH0
Fle.0 END_STEUCT

The foll owing table summarizes the entrysin the definition:

Modul 1:
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Name Format Description

kenn word Kennung of the Modus: 84h

PaNr int has no meening. Allways 0

InCnt int Number of Inpu bytes: 64

OutCnt int Number of Output bytes. 64

InBase int Basis Adresse of the Modusin the Peripherie- Input field
OutBase int Basis Adresse of the Modus in the Peripherie- Output field
mask byte Encoder configuration d the X- Achse:
dummy_b byte has no meening. Allways0

dummy_w word SSI Konfiguration cer X- Achse:
Modul 2:

Name Format Description

kenn word has no meening. Allways 0

PaNr int has no meening. Allways0

InCnt int has no meening. Allways 0

OutCnt int has no meening. Allways0

InBase int has no meening. Allways 0

OutBase int has no meening. Allways0

mask byte Encoder Konfiguration der Y- Achse:
dummy_b byte has no meening. Allways0

dummy_w word SSI Konfiguration der Y- Achse:
Attention:

In the aduall FW- Version thes byte Mask and the word dummy_w are nat implemented. Please set this
valuesto zero!
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10.3 Modul access

There aetwo types of Modul access
1. read and write to the FPGA (this functions are not implementet)
2. read and write to the Controller on the Module

The peripheriefield is devided into threeparts.
1. read andwrite values and commands to Axis one (Address 0 to 24)
2. rea andwrite values and commands to Axis two (Adress25to 49

3. rea andwrite values and commands in general (Adress50to 59)

10.3.1 Accessto the FPGA
Read and writeto the FPGA isin the actuall FW version rot possible.

10.3.2 Accessto the Controller
There ae two waysto acessto the controller.

1. For nearly each command exists adired peripherie adress (see table below).

2. It existe one peripherie Adress to write the cmmand Nr. to the Module and a command to wirte or
read datas from to the controller. If you use these commands pleas ook and unlook the interrupts with
sfc4l and sfc42.

In the table below are all commands mapped onthe peripherie adressrange. The rea Adressis the basis
Adress(defined in DB1 o 511) plussthe Adress Offset in the table. The value for the cmmand hesto be
in Akku 1 a will bein Akku 1.CMD isthe Command Number for the Controller, it is only interesting as
alink to the antroller documentation.

Adre|Transfer CMD|Transfer CMD|Transfer CMDjLoad CMD|Load CMD|Load CMD
sse Dopp elword Dopp elword
Byte Word Byte Word
0 [SetLimitSwitch | 80 |SetMotorLimit [ 6 |SetPostion 10 |GetLimitSwitch | 81 [GetMotorLimit 7 |GetPostion 4A
Mode Mode
1 |SetAxisMode | 87 [SetMotorBias | OF |SetVelocity 11 |GetAxisMode 88 |GetMotorBias | 2D |GetVelocity 4B
2 |SetProfilMode | A0 [SetkP 25 [SetJerk 13 |GetProfilMode | Al [GetKP 50 |GetJerk 58
3 |SetStop DO |SetKI 26 |SetGear 14 |GetStop D1 |GetKI 51 |GetGearRatio | 59
Ration n
4 |SetMotorMode | DC |SetkD 27 |[SetActual 4D |GetMotorMode | DD |GetKD 52 |GetActualPosit| 37
Position ion
5 |SetAutoStop D2 |SetKvff 2B [Set 90 [GetAutoStopM | D3 |GetKvff 54 |GetAcceleratio| 4C
Mode Acceleration ode n
6 |SetCapture D8 [Setinterrupt 2F |Se 91 [GetCaptureSou| D9 |SetinterruptMa [ 56 |GetDeceleratio| 92
Source Maske tDeceleration rce sk n
7 |SetMotion EB [SetMotor 77 |[Set Integration| 95 [GetMotion EC |GetMotor 69 |Get Integration| 96
CompliteMode Command Limit CompliteMode Command Limit
8 |Update 1A |SetKaff 93 [SetPosition 97 |GetEncoder DB |GetKaff 94 |GetPostion 98
ErrorLimit Source ErrorLimit
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9 |ClearPosition | 47 (SetDerivative | 9C |SetBreakpoint | D6 |Read HW Get Derivative| 9D |Get Breakpoint| D7
Error Time Valuel Inputs X Time Valuel
10 SetKout 9E |Set Breakpoint| D6 [Read SSI GetKout 9F |Get Breakpoint| D7
Value2 Status X Value2
11 SetSignal A2 GetSignal A3 |Get 1D
Sense Sense Commanded
Positon
12 SetTracking A8 GetTracking A9 |Get 1E
Window Window Commanded
Velocity
13 SetSettleTime | AA GetSettle Time | AB |GetCapture 36
Value
14 SetGear AE GetGearMaster| AF |GetPosition 99
Master Error
15 SetSettle BC GetSettle BD |Getintegral 9A
Window Window
16 SetBreakpoint | D4 GetBreakpoint | D5 |Get A7
1 1 Commanded
Acceleration
17 SetBreakpoint | D4 GetBreakpoint | D5 |GetActual AD
2 2 Velocity
18 SetAxisOut ED GetAxis  Out| EE
Source Source
19 ResetEvent 34 GetEvent 31
Status Status
20 GetEncoder 8D
Modulus
21 GetCurrentMot | 3A
orCommand
22 GetDerivative | 9B
23 GetSignalStatu | A4
s
24 GetActivity A6
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25 |SetLimitSwitch | 80 |SetMotorLimit | 6 |SetPostion 10 |GetLimitSwitch | 81 [GetMotorLimit [ 7 [GetPostion 4A
Mode Mode
26 |SetAxisMode | 87 |SetMotorBias | OF |SetVelocity 11 |GetAxisMode 88 [GetMotorBias | 2D |GetVelocity 4B
27 |SetProfiMode [ A0 [SetKP 25 |SetJerk 13 |GetProfiiMode | Al (GetKP 50 |GetJerk 58
28 |SetStop DO [SetKI 26 |SetGearRation| 14 [GetStop D1 (GetKI 51 |GetGear 59
Ration
29 |SetMotorMode | DC |SetkD 27 |SetActual 4D |GetMotorMode | DD |GetKD 52 |GetActual 37
Position Position
30 |SetAutoStop D2 |SetKvff 2B |Set 90 |GetAutoStop D3 |GetKvff 54 |Get 4C
Mode Acceleration Mode Acceleration
31 (SetCapture D8 |SetInterrup 2F |Set 91 [GetCapture D9 |SetInterrupt 56 |Get 92
Source tMaske Deceleration Source Mask Deceleration
32 [SetMotion EB |SetMotor 77 |Setintegration | 95 [GetMotion EC [GetMotor 69 |Getlntegration | 96
CompliteMode Command Limit CompliteMode Command Limit
33 [Update 1A |SetKaff 93 |SetPosition 97 [GetEncoder DB |[GetKaff 94 |GetPostion 98
ErrorLimit Source ErrorLimit
34 |ClearPosition | 47 (SetDerivative | 9C |SetBreakpoint | D6 |Read HW GetDerivative | 9D |GetBreakpoint | D7
Error Time Valuel Inputs Y Time Valuel
35 SetKout 9E |SetBreakpoint | D6 [Read SSI GetKout 9F |GetBreakpoint | D7
Value2 Status Y Value2
36 SetSignal A2 GetSignal A3 |Get 1D
Sense Sense Commanded
Positon
37 SetTracking A8 GetTracking A9 [Get 1E
Window Window Commanded
Velocity
38 SetSettleTime | AA GetSettleTime | AB |GetCapture 36
Value
39 SetGear AE GetGearMaster| AF |GetPosition 99
Master Error
40 SetSettle BC GetSettle BD |Getlntegral 9A
Window Window
41 SetBreakpoint | D4 GetBreakpoint | D5 |Get A7
1 1 Commanded
Acceleration
42 SetBreakpoint | D4 GetBreakpoint | D5 |GetActual AD
2 2 Velocity
43 SetAxisOut ED GetAxisOut EE
Source Source
44 ResetEvent 34 GetEvent 31
Status Status
45 GetEncoder 8D
Modulus
46 GetCurrent 3A
Motor
Command
47 GetDerivative | 9B
48 GetSignal A4
Status
49 GetActivity A6
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50 |Reset 39 |Write 16Bit Write32 Bit Getlnterrupt E1 |Read 16 Bit Read 32 Bit
AXis
51 |MultiUpdate 5B [Write CMD *SetBufferStart| CO [GetHostlOError| A5 |Read *GetBuffer C1
Signature Start
52 |Clearinterrupt | AC [SetSample 38 |*SetBuffer C2 [GetModul GetSample 61 |*GetBuffer C3
Time Length Status Time Length
53 |SetTraceMode | BO |SetTraceStart | B2 |*SetBuffer C4 |GetTraceMode | B1 |GetTraceStart | B3 |*GetBuffer C7
Writelndex ReadlIndex
54 |NoOperation 0 |[SetTraceStop | B4 [*SetBuffer C6 |GetTraceStatus| BA |GetTraceStop | B5 |*ReadTrace C9
ReadlIndex Buffer
55 SetTrace B6 |*WriteTrace C8 GetTrace B7 |GetTime 3E
Variablel Buffer Variablel
56 SetTrace B6 GetTrace B7 [GetTrace BB
Variable2 Variable2 Count
57 SetTrace B6 GetTrace B7
Variable3 Variable3
58 SetTrace B6 GetTrace B7
Variable4 Variable4
59 SetTrace B8 GetTrace B9
Period Period
60

* the Buffer ID for the tracebuffer is 0. The other Buffers can be written oy with the "Write CMD" command.

Real the FPGA Data. This functions are not implementet in the actual FW Version.(V2.09

For a detailed description d al the commands sein the "Navigator Motion Processor User Guide" and "Navigator
Motion Processor Programmer's Reference” from PMD.
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