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Lecture 1: Introduction

Lecture 2: File Conversion

Simply rename the .txt file . ACD. Do not open or edit at all while it is a .txt. If you even open it in notepad it
will be ruined, redownload.



Lecture 3: Understanding Emulator

Slot View Options All Modules Help

Computer : [u5B|777|tw151

The version of the emulator must match the firmware
version of your Logix Designer project.

To add a ‘board’ right click an open rack position and
select create. Then select the board from the list of
options. In this case we select ‘Controller’.

LSV LRET LY E mulator AS Logix Emulate 5000 Controller
17839-SIM 32 Point Input/Output Simulator

For Help, press F1

Type: RSLogix Emulate 5000 EmuLogix5868 Controller
Vendor:  Allen-Bradley

Version: I v I

Startup Mode: |Remote Program ZI
Memory Size (KB): I 3072

Periodic Save Interval: . ;
(Range. 0.5 to 30 mn) 10 == I” Enable Periodic Save
Controller Name: Last Loaded:

Type: RSLogix Emulate 5000 EmulLogix5868 Controller
Vendor:  Allen-Bradley

Continuous Task -

Dwell Time (ms} | ==

CPU Affirity FMT ,
CPUT ~

Channel 0
Serial Port: INone :I'

<Back [ Fnsh |  Cancel

- O







Lecture 4: Emulation from Scratch

From the RSLogix compiler create a new project and select processor type ‘Emulate’.

The below listed files are available
in the course folder.

| MATC Intro.ACD.txt
|| PCAM _Intro_Emulated. ACD.txt
5 g = -
20 v € matchversion - || Servo_Motion_Mastery_101.ACD .t
|| ServoAxis_PositionCam.ACD.bxt
b i || ServoMastery_SimpleMATC_Emulated ACD.bxt
| TimingCAMs.ACD.txt
.| TimingCAMsEmulation., ACD.tx¢t

Nan-Bradey RSLogix Emulate 5000 Controller

Redundancy Enabled

1756A10  10-Siot ControlLogx Chasss
0

Create n C\RSLogx 5000"Projects

Securty Authoty.  No Protection

Use only the selected Securty Authortty for Authertcation and
Authonzaton

Controller Organizer
=43 Controller Prcatice_Emulate
. Controller Tags IM ] Advanced [ SFC Bxecution [ File
-[23 Controller Fault Handler Genersl E Serial Port I System Protocol l User Protocol ] Major Fauits | Minor Faults
L.[E8 Power-Up Handler
=--E3 Tasks
5@ MainTask Type: Emulator RSLogix Emulate 5000 Controller
- % MainProgram Revision: 2011
+..[(3 Unscheduled Programs / Phases ’ ‘
= Eﬂ Motion Groups Name: Preatice_Emulate
\..[23 Ungrouped Axes
-.[3 Add-On Instructions Description: -
=45 Data Types
-, User-Defined i
@% i::'_gsn_n - Chassis Type:  1756-A10  10-Slot ControlLogix Chassis )
@ [ Predefined Slot: 1 =
..., Module-Defined =
~[23 Trends
=] &ro Configuration
(-8 1756 Backplane, 1756-A10

.9 [1] Emulator Preatice_Emulate | 0K I Lﬁ‘i‘ | Apply ] Help

Vendor: Allen-Bradley




S

=3 AB_VBP-1, 1789-A17/A Virtual Chassis

]g 00, RSLogix 5000 Emulator, RSL5k_18_Template_ProcessL
1

v [§ 02, RSLogix 5000 Emulator, YouTube_30Day_Project

0 f§ 03, RSLogix 5000 Emulator, Remote_Start

0 f§ 04, RSLogix 5000 Emulator, PLCC

i f§ 05, RSLogix 5000 Emulator, FWW1_DRV1

i f§ 06, RSLogix 5000 Emulator, FWW1_RH1

3

- f§ 07, RSLogix 5000 Emulator, SAF1

Am s mAn mve s ma s - . -

< | mn

AB_VBP-1\
Path in Project: <none>

-

Jploaa..
| Doqdosd
| Upgate Fi'i':.warle.!}

Set Project Path

| Clear Project Path |

Use Who Active to download to the
running emulator.

At this point you can create a project as
you normally would and run it.



Lecture 5: Studio 5000 Emulation

Pretty much the same as the RSLogix version.

| &

& Studio S000® Logix Emulate™

= =)
Slot View Options All Modules Help
Computer : | RAFCY305W
0 1 2 3 4 6 8
[RS LINX | [RS0nx I I
= ,

9 10 1 12 13

For Help, press F1

14

15

16

>/



Lecture 6: Emulating Gear Change Logic

This section is more about downloading a project to the emulator, nothing about gear changing logic.

Tran_00
B9
= L (i) Action_000
MAH (Vaxisl, Vaxisl MAH);
ServosOn
N [[..) Action_008
d MAH (Vaxis0, VaxisO_MAH);
P [..) Action_009
pear ratioc := 0;
m] =
(&) | Tran_oo0

Vaxisl.ServoActionStatus & Vaxis0O.ServoActionStatus

u]

1= Studio S000® Logix Emulate™ =]
Slot View Options All Modules Help
Computer: | RAFCV30SW
0 3 4 5 6 7 8
=)
N7
\ !

Lecture 7: Troubleshooting a Servo Ring

- A
) (o N () Action_012
'SR (Input_Sim,0); 9 10 n 12 13 14 15 16
Step_to_Next =
T For Help, press F1
(m]
(&) | Tran_o10 (&) | Tran_o11 &) | Tran_017
input_1 input_2 input_0
xcrement_raho_up I _ratio_
BS cs B8

Here we are talking about the proper setup of a servo ring what happens with a servo ring or CIP servo ring
when the processes are powering up or when they are downloaded or whatever else the case may be. Begin by

adding a motion card.

-4 lasks
=] @ MainTask
2] C‘ MainProgram
(23 Unscheduled Programs / Phases

=-£3 Motion Groups
(3 Ungrouped Axes

: Enter Search Text for Module Type.
(23 Add-On Instructions

=451 Data Types

[ User-Defined
B q Strings

Cff Add-On-Defined
®B I:Q Predefined

Cj# Module-Defined
(X3 Trends

[F] Digtal
[F] Drive
[¥] Motion
] Other

<[

Module Type Category Fitters

>

Module Type Vendor Fitters
Allen-Bradley
Hardy Instruments, Inc.
Molex Incorporated
Phoenix Digital Corporation

[N

1

“IEEE

=-£3 /O Configuration

I/ &9 175 Backplane, 1756-A10 1

=T TR (I11756-173 ServoMastery_Basics

w  Catalog Number
1756-M02AE
1756-M02AS
1756-MO3SE
1756-M08SE

Description

[11756-M16SE
2

2 Auis Analog/Encoder Servo
2 Axis Analog/SSI Servo
3 Axis SERCOS Interface
8 Axis SERCOS Interface
£ &ds Geperic SERCOS Interface
16 Axis SERCOS Interface
1

Motion
Motion
Motion
Motion

_Aeofipdes___lidien____

7 of 132 Module Types Found

[7] Close on Create




Type: 1756-M165E 16 Axis SERCOS Interface
Vendor: Allen-Bradley

Name:

=]

Revision: ﬁ 1 5 Electronic Keying: [Compahble Keying V]

Open Module Properties

ok ] [yCarcel [ Heb ]

Next we want to add our motion controller (amp) under the SERCOS comm card.

PATE L atL LY NIHITUA UUUY, £IUVIV, MUV, GMVGUIIL., TUN T San IS IO QUITY
2054-BCO1-MO1 Kinetix 6000, 460VAC, IAM, 6kW PS, 9A Cont., 13A P Allen-Bradley
M4 RCNIMPR WGinatie CANN ACNVAT 1AM AW PQ AA Cant £A Paxls  Allan Rradlass

Remember that the node number you configure the driver for is what ever number you have dialed in on the

front of the amp.

Type: 2094-BCO1-M01 Kinetix 68000, 460VALC, |AM, BkW PS, 94 Cont., 134 Peak
Vendor: Allen-Bradley
Name: Kintetix6000 Node: 1 &3‘

Description: *

Revison: |1 | 1 [ Electronic Keying: [ Compatible Keying

Open Module Properties




Now we want to create a motion group and add an axis of type AXIS_SERVO_DRIVE.

Servo_Mastery

Usage:

: <normal>

Type: Base w | | Connection

Alias For:

Data Type:  MOTION_GROUP

Scope: &l ServoMastery_Basics

External
Access:

Style:
[7] Constant
[ Dpen MOTION_GROUP Configuration

[Read/wiite

| Controller Organizer

=3 Controller ServoMastery_Basics
/& Controller Tags
.23 Controller Fault Handler
.. Power-Up Handler
=-E3 Tasks
E]% MainTask

Ci; MainProgram
.23 Unscheduled Progra
&5 Motion Groups _

1

’tbeisml

[:l Ungrouped Axes
[3 Add-On Instructions

=& Data Types
.. User-Defined
q Strings
.03 Add-On-Defined
@-Cjf Predefined
... Module-Defined
{23 Trends
=43 /O Configuration
£ 1756 Backplane, 1756-A10
- E{l [1]1756-L73 ServoMastery_Basics
= B [211756-M16SE Sercos

E. 10 2094-BC01-MO1 Kintetx000 | 1

& g [31 1756-ENBT/A Ethernet

&

Usage: | <normal>

Type: Base ¥.| | Connection,

Alias For:

Data Type:  AXIS_SERVO_DRIVE

Scope: ﬂ{l ServoMastery_Basics

Extenal
Access:

Style:

[Read/wiite

[ Constant
Open &XIS_SERYO_DRIVE Configuration

Hookup | Tune [ Dynamics | Gains | Oupwt [ Limts | Offset | Faut Actions | Tag
s .

General® Planner | Units | Drive/Motor | Motor Feedback | AuxFeedback | Conversion
Axis Configuration:
J_M:&;--_--TL;HE ) [ [ NewGrouw
Associated Module: C—
Module: : | Kintetix6000 E v)
Modue Type: 1 B 2094-BC0TMO1_ ]
e C—

Help

4 ok ]| Caxslﬁﬁpp}y

--a’;.&;chwetng________l’




Now add the motor that you are using.

| &
%AxisProperties- Axis01

Under controller properties Date/Time check Enable Time Synchronization.

File | Redundancy |  Nonvolatie
General |  MajorFauts |  MinorFauts |  Date/Tme

i) The Date and Time displayed here is Controller local time, not workstation local ti
Use these fields to configure Time attributes of the Controller

[ Set Date, Time and Zone from Workstation | €

Date and Time: | (Change Date ant

Time Zone: vle

| Adjust for Daylight Saving (+00:00) ¢

T — 1 DANGER. f time synchronizatit
1 [¥] Enable Time Synchronization | Jsdsd:ledm.adiveini
B o e e e e e controller in this chassis. or any

el

Ampifier Catalog Number: | 2094-BC01-M01 ~|

Motor Catalog Number:  <none> lChmge Cddogl

Loop Configuration: [pm S v]

Drive Resolution: 200000 Drive Counts / (MotorRev v/ [ Calculate.. |

e ———————— -
I [ Drive Enable Input Checking |  Ensure it is unchecked. S — o
[] Drive Enable Input Fault e —
Real Time Auis Information el M umbiee
MPL-B1520U-Vxx2
Attribute 1: [<none> ~| ;
) MPL-B1510VVxxd - ang|
Attribute 2: [m) vJ MPL-B1520U-Exx2 =
MPL-B15200U-Exx4
MPL-B1520U-Hxx2 -H:! :-
MPL-B1520U-Hxx4
MPL-B1520U Vxx2
MPL-B1520U-Vuxd 3
MPL-B1530U-Exx2
MPL-B1530U-Exx4
MPL-B1530U-Hxx2 -
U L U S N~ Ta NN PPOOY )
‘ Filters
oK J[ Cance | Voltage F amily Feedback Type
[<al> v] [(alb v] [<al> v]



The below table represents the natural scan order of the SERCOS. Active nodes refer to other motion
controllers you may have on the network. Node = controller. Step 3 checks the nodes found on the network
against those you have configured in the software. Step 4 is making sure you have your axis setup properly.

The effect of an error is that the SERCOS system does not transition states. Watch the Status
box in the lower left area to monitor the state transitions. You can also select the axis name
under Motion Group to check the fault status of that equipment.

Sercos System

0 = Looking for ring

1 = Looking for Active Nodes

2 = Configuration Communication

3 = Configuration Nodes

4 = Configured Axis

Note: if stuck in a state then open the quick view panel to see the axis state

If everything has gone well you are ready to start and operate the axis.

.23 Trends

=)~ vata lypes
(3@ User-Defined

- w0 Strings

¢ .0 Add-On-Defined

. w03 Predefined

£ Module-Defined

-3 VO Configuration
()-8 1756 Backplane, 1756-A10
ﬁ] [0] 1756-L73 ServoMastery_Basics
=~ § [211756-M16SE Sercos
=-=5 SERCOS Network

£, 10 2094-BCO1-MO1 Kintetix6000

5§ [311756-ENBT/A Ethernet

&5 Ethernet

Type AXIS_SERVO_DRIVE

Description

Axis State Servo Control
NG AT e e UERB000 00
Node 10 1

Axis Fault No Faults 1

Drive Fault No Faults ¢

@2 Motion Direct Commands - Axis01:1

Commands:

@ Ms0 A

® MSF

@ MASD

@ MASR

& MDO

@ MDF

@ MDS

@ MAFR
=3 Motion Move

T MAS

@ MaH

R M

[ MAM

@ MAG

@ MCD

m

B MRP

[ Motion Group Shutdown ]

s
Motion Axis Jog
Asis: Axis(1 v [«
Label Operand =
Direction Forward |
Speed 1
Speed Units Units per sec I
Accel Rate 100 =
Accel Units Units per sec2
Decel Rate 100 I
Decel Units Units per sec2 |
Profile Trapezoidal
Accel Jerk 100
Decel Jerk 100
Jerk Units % of Time
Merge Disabled 2

1\ DANGER: Executing mation command with controller in
Program or Run Mode may cause axis motion.

You can also view the numerical sequence on the front of the drive.

Erscutej [ CloseJ [ Help ]




Fault message example.

""" DR A

=&l /O Configuration
-8 1756 Backplane, 1756-A10
.9 [0]1756-L73 ServoMastery_Basics
=M, Y (2] 1756-M16SE Sercos
. &£ SERCOS Network

Here is the ring sequence for CIP systems.

CIP Systems

0 = Initializing 6 = Stopping

1 = Pre-Charge 7 = Aborting

2 = Stopped 8 = Faulted

3 = Starting 9 = Start Inhibited
4 = Running 10 = Shutdown

5 =Testing



Lecture 8: Inhibiting an Axis

We are not talking about the servo controller hardware, rather we are talking about the servo axis in the motion
group. Although in some cases you can inhibit the hardware by going to the properties dialog and selecting that
check box. This topic is covered in another lesson.

So now we are going to look at a method by which you can inhibit a servo axis by means of a function in
your ladder program. We do this using the SSV, setting system value.
SSV to Inhibit Axis

Class: Axis

Instance: AxisO1 (the name of the axis in our motion group we wish to inhibit)

Attribute: Inhibit Axis

Source: (you must put in a tag, cannot use a digit. This is likely a tag you create for this purpose)

Axis_Disable MOV
E Move
Source 1

Ll

Dest AxisEnableDisable
0 €

Axis_Disable MOV

—Qi %—_ Move

Source 0

Dest AxisEnableDisable
0 &

| B
! SSV I
: Set System Value —f
| | Class Name Axis
| | Instance Name Axis01
|
|
|
|

Aftribute Name InhibitAxis
Source AxisEnableDisable
0&

So we have put in a couple of move statements to load the AxisEnableDisable tag with 1 or O which triggers the
function.

When we run the function and load the tag with a 1 we see that the axis is inhibited.



Type AXIS_SERVO_DRIVE =-&il VO Configuration

Description [ =& 1756 Backplane, 1756-A7

AxisState | Inhibited i # (0] 1756-L73 Servo_Motion_Mastery

Drive Name MotionAxis_1 = M [1]1756-M16SE Motion_Sercos

e i & 5, SERCOS Network

oo b o -)t\&, 10 2094-BC01-MO1 MotionAxis_1
5§ [2]T756-ENBT/A ENBT_SystemComms

.2 Ethernet
8 (3]1756-1B16 InputCard
8 [5]1756-IF8 Analog_Input

Now we will look at disabling the hardware component.

SSV to Inhibit Axis

Class: Module

Instance: ModuleAxis_1 (the name of the axis in our motion group we wish to inhibit)

Attribute: Mode

Source: (you must put in a tag, cannot use a digit. This is likely a tag you create for this purpose)

Result is a processor fault.

I

Faulted M ™ Program Mode
No Forces b | W Controller Fault

- “ 7 Energy Storage OK
Hodts & ¥ 1/0 Not Responding
Redundancy | R

Lecture 9: Inhibiting a kinetic 6000 Drive

In this lecture we will concentrate on how to inhibit the module (hardware) itself. We are not going to do this
by means of the property dialog (this method is not always available). We will use a code implementation.
[the “CurrentMode” tag is not available in all drives, check, your looking for inhibit/shutdown]

SSV to Inhibit Axis

Class: Module

Instance: ModuleAxis_1 (the name of the axis in our motion group we wish to inhibit)
Attribute: Mode

Source: Kinteix6000_CurrentMode

In this case changing the tag to the value 4 inhibits the drive.



SSV:

—{ Set System Value —
Class Name Module
instance Name MotionAxis_1
Attribute Name Mode
Source Kinetix6000_CurrentMode

0«

. @-2% SERCOS Network
= § [211756-ENBT/A EN _SystemComms
[ &= Ethernet

§ [3]11756-1B16 InputCard
8 [5]1756-IF8 Analog_Input

~~{_] Associated Axes
£ Axis01

(End)

Module Fault

Lecture 10: Motor Removal Troubleshooting

If an axis is inhibited and then goes into fault the system
continues on, it is not concerned and is still fully functional.
The 10 Not Responding is good, not flashing.

But once we enable the axis if the fault still exist the system
will indicate so and the 10 Not Responding LED will blink.

As an example, we will remove the motor from our hardware

configuration.

i Genet;l| Motion Planner Ilu;ls | Drive/Motor | 'NlotorlFeed)ackll AL

Amplfier Catalog Number: [2094~ecm-uo1 =

i) % _
Motor Catalog Number:  mRi-B+520k-sheedrrr (Coan
Loop Configuration: [ Posttion Servo 3
Drive Resolution: 1000000 Drive Counts / W :| *]

At this point the axis is no longer faulted, the application

SSV:
Set System Value
Class Name Module
Instance Name MotionAxis_1
Attribute Name Mode
Source Kinetix6000_CurrentiMode
4
Type AXIS_SERVO_DRIVE
Description
Axis State Inhibited 1
Drive Name MotionAxis_1
Node E
Axis Fault Hlyzzbmﬂ }
Drive Fault MotFeedbackFault, FeedbackFaul
Module Faults No Faults
Attribute Error No Faults
AXIS_SERVO_DRIVE |
\
Faulted |
m_‘l i
10
PhysicalaxisFautt |
MotFeedbackFault, FeedbackFaul

No Faults

No Faults

understands there is no motor for the faulted drive to affect so it continues on. This can be handy in

troubleshooting. When trying to track down an axis fault you can try removing the motor. If the axis comes
back up as okay you may have a motor problem that was causing the axis fault.

Now we know how to disable an axis, disable the drive, and remove the motor from the possibilities.




Lecture 11: Course Rate Update Timing (CUP)

Whenever an application is using motion the first routine(s)
processed is the motion group and the associated axis. The
frequency at which the axis routines are solved is based on
the CUP. The Course Rate Update (CUP) is defined as
the milliseconds it takes to scan all the servos in the motion
group, solve the logic, and update the drive positions, rates,
torque, etc. This is how long that process takes. It is
updated in .5 ms increments.

To determine the value you should use, a good rule of
thumb is 1 ms per virtual axis, 0.5 ms per axis servo drive,
and 2.0 ms per SERCOS physical axis. You may want to
round up a ms.

Servo Drives (physical drives)

If running an L7 processor you can drop it down to 0.25 ms per axis.
If running an L6 processor you can drop it down to 0.5 ms per axis.
If running an L55 processor you can drop it down to 1.5 ms per axis.
If running an L5 processor you can drop it down to 2.0 ms per axis.

753 Motion Group Properties - MotionGroup

| Axs Assignment | Attibute | Tag |

Coarse Update Period: Bl > ms (in 0.5increments.)

Enabled v|

|NonMa‘orFaul "

Auto Tag Update:
General Fault Type:

Scan Times (elapsed time):

Max (us) Reset Ma

Last (us)

Lok J[ coce | [ Heo ]

Figure 1 Attribute tab of the Motion Group Properties.

Time Synchronize :’}

4
ot
\':b‘,

|+/| Enable Time Synchronization

The above table assumes periodic task scanning. This is an interrupt with resume process.
L8 is a newer generation of drive and is likely faster than the rates above.
Needless to say improper timing entries can be a source of faults.

Lecture 12: Tasks, Periodic and Continuous

Keep in mind it is a two step process to execute a servo command; the
first cycle will write the command it wants the drive to execute and == AvisTask 75ms

the second cycle will execute the command.

A good idea is to have your axis processed at least 4 times faster (as

often) than the other tasks not associated with servos.

- ruvvcu'up g

=-4] Tasks

L% AxPrg_Axisl
+- % AxPrg_Axis2
+ (% AxPrg_Axis3

-39 MachineControl_47ms
+ % MainProgram
-9 StateMachine_80ms
1L _StateMachine_Main
=49 VirtualMaster_75ms
# [ VirtualMaster_MainProgram !

| Unscheduled Programs / Phases
I

Sape

——

————

o
- -
- e

-

\ .
-\ Motion Groups !
\rmpputin oA ]

5@ MotionGroup | /
i 2 Axis_1
i 2 Axis_2
i
i

~
.

2 Axis_3

I

!

L
1549 VirtualMaster_ Axis |




On the Monitor tab of any tasks properties dialog you can check the actual scan time for that task.

Interval Times (Elapsed Time Between Triggers):

+ Max: 86982000 "
“iMin: 63251000 -
Task Overap Count:
0
Lok ][ Cancdl ][ + —_—

i 3
(¥ Task Properties - VirtualMaster_75ms || sE)
[ General | Configuration | Program / Phiase Schedule | Montor |
Scan Times (Elapsed Time):
A Max 19276000 ms | Rest | &
*|§— On a SERCOS card you can check and
Last:  0.023000 ms adjust the Requested Packet Interval under

the Connection tab.

Lecture 13: Servo Commissioning Testing

Axis properties Hookup tab.

7

Marker Test: turn the motor shaft, the servo

Move axis manually through sufficient range to
l . |generate a marker pulse.
ait for command to complete.
Check for ermors if command fails.

will determine the direction and make note.
This is testing the marker of the decoder.
When you press the button you will see the
below dialog. When you turn the shaft the
text “Executing” will change to “Command
Complete”.

g == | 2 fr i =4 MOS0
|_Homing _ Tune | Dynamics | Gains
Test Increment: 20 Posttion Units

Drive Polarity: Posttive

Test Feedback: enter a value for Test Increment
in Position Units then press APPLY and then
click the Test Feedback button. You are going to
have to rotate the shaft that distance so do not
enter too large a number. Once the drive has
made the reading the “Executing” text will
change to “Command Complete”. The result is
that the feedback polarity is determined by the
drive.

Test Command and Feedback: what this is going to do is turn the servo on and slowly increase the speed
through a full rotation so that it can record the commutation. During this test watch the motor and confirm it is
moving in the correct direction. The software will ask if the motor turned in the correct direction and it will

adjust itself whether you say yes or no.



Lecture 14: Trending a Servo Hookup Test

Create a new trend, call it Hookup_Test. From chart properties Pens tab you can add the pen
Axis01.ActualPosition. Set the x-axis to 15 seconds.

6 O3 User-Defined £ f
6 Strings ] L. New Trend - General —

O Add-On-Defined .7
@O Predefined . Name: HookLp_Test

-3 Trends| . Description:
1<) Axis01_Position
1X) AxisMonitoring
=) New_Trend Sample Period: 10 > |Milisecond(s) v
iX) SCurve_Tuning

M., Logical Model
=-E3 /0 Configuration
(=& 1756 Backplane, 1756-A7
f1a (0] 1756-L73 Servo_Motion_Mastery |
= ﬂ [1] 1756-M16SE Motion_Sercos
=& SERCOS Network
1,10 2094-BC01-MO1 MotionA:
- [211756-ENBT/A ENBT_SystemCom I [ Bck |t [ Py ] [ Help J

B Cthernet
< m »

Before you begin running the axis use the motion direct commands to home the axis (MAH). At this point you
are ready to run the hookup test. Run all three tests from the previous lecture.



Lecture 15: Quick Start to Servo Tuning

Here we will auto tune the motor. Often times it is best to have an uncoupled motor when doing the auto tune.

- -

General | Motion Units | Drive/Motor | Motor Feedback | Aux Feedback | Conversion
Homing | Hookup y_Tune |y Dynamics | Gains | Output | Limts | Offset | Fauk Actions | Tag
r-------------_------------

|
| Travel imt: 200 Posttion Units | | StatTuning.. |

— I -
S o %0 Posttion Units/s | & [DANGER: Starting tuning
i : y’ procedure with controller
1T /Force: : & in Program or Run Mode
1 i M % Rated : causes axds motion.
| Drection:  [Fonard Unidirectional | |
: Damping Factor: 0.8 :
1
W--------------------
I Tune :
: (V] Postion Error Integrator  [¥] Velocity Emror Integrator || Friction Compensation i
: [V] Velocity Feedforward ~ [¥] Acceleration Feedforward || Torque Offset :
I Select the tuning operations you would like to preform. [ Output Fiter :
L----------------------------------------------I
ok [Concsl ][ oo

Click Start Tune. You may get some feedback from the algorithm asking that you make adjustments to things
like speed. When the command completes you will get some feedback such as that shown below.

- .
Tune Results M
Position Loop B andwidth: Hertz
Load Inertia Ratio: 0.0 Load Inertia/Motor Inertia

4 DANGER:The Bandwidth determined by the tune process is
,_k the maximum bandwidth. Increasing the bandwidth may
cause loop instability.
| [ ok || cancel |[ Hep |

N

P —

Apply tune completed successfully. Tune dependent attributes have

L_g been updated.
Refer to Help for a list of dependent attributes.

{ @D

After an initial success you may wish to run it for a longer Travel Limit. Then use Motion Direct Commands to
jog and make sure the motor seems to function properly (no high pitch or any such thing).



AXis properties has a Gains tab for adjustments.

Homng | Hookup [ Tune | Dymamicsy| Gans | Dutgs [ umts [ Offset | Fauk Actions [ Tag
Posttion Gains
Proportional: %= 1/s [ it ]
| Set Custom Gains... |
Integral: 1/ms-s
Velocity Gains Feedforward Gains
Proportional: 725.73145 1/s Velocity: 100.0 %
integral: ~ 65.83577 1/ms-s Acceleration: 100.0 %
Integrator Hold: |Enabled ~ ~

(oK J[ Concel J[ oy |[ tee ]

The Output tab can also be helpful. Sometimes, depending on the application, adjustments to torque force
scaling can be helpful in obtaining a certain response.

Gaudlmmlun Iwm:,]_l_m,ﬁama*lmwlc«mm
Homing | Hookup | Tune | Dynamics | Gains j| Outout |iimts | Offset | Faut Actions | Tag

 AORBIOM.
Motor Inettia: 0.000013 Kgm"2 [ Manual Adust... |
Load Inettia Ratio: 0.0  Load Inettia/Motor Inertia

Torque/Force Scalng: % Rated/(Position Units/s"2)

System Acceleration. b 7167.296 (Position Units/s"2) at 100% Rated
[ Enable Notch Fitter Frequency

Notch Filter Frequency 00 Hertz
[V] Enable Low-pass Output Fitter

Low-pass Output Fitter Bandwidth: 577.81165 Hertz

[ ok J[ Camce ]| oy |[ Hep ]




On the Gains tab click Manual Adjust to access a dialog which allows you to change gains while the motor is
running. Same for Torque Force Scaling on the outputs tab. You can also add filtering.

5 Axis Properties - Axis01 o [@][=]
General l Motion Planner I Units [ Drive/Motor I Motor Feedback [ Aux Feedback I C i Manual Adist - AxisDL o5 )
Homing | Hookup | Tune | Dynamics | Gains | Output | Limts | Offset | Faut Actions | Tag LR -
Cd I T -
Postion Gains 1 | ’1’ Dynamics | Gains | Qutput l Limits Ioﬁ;q |
. 1| Manua Adust.._Jp
Proportional: 283.48886 /s -\--Eu;--G;--- PostionGans N :
begal: 10045738 mss \.SetChmiom o, Proportonal: 28348886 =« 1/s
Velocity Gains Feedforward Gains Integral 10045738 =€ 1/mss
Proportional: 725.7315 1/s Velocity 100.0
Velocity Gains Feedf rd G
Integral: 65.83577 1/mss Acceleration: [ 100.0 T — ‘ ‘orward Gains
CERNTRON. Proportional: 725.7315 % & 1/ Velocity: 100.0
Integrator Hold: | Enabled v Integral: 65.83577 € Vnss Acceleration:  100.0
o o N
o] o) ) o = =
y

Systems that use CIP-Motion protocol often are easier to tune when you have Notch Filter Frequency

enabled on the outputs tab.

The commands below allow you to run an auto tune and then apply the results from the ladder logic. These
functions use the parameters you have in the system already (such as those discussed above).

MRAT
Motion Run Axis Tuning = END>—1
Axis Axis01 () H(DN>—
Motion Control MotionAxis_Tuning —ER)—
Py —
—(PCO—
MAAT
Motion Apply Axis Tuning —CEND
Axis Axis01 [L.] FCDN>—
SO RGN otionAxis_TuningApply —{ERD>—

You can use a SSV to acquire or adjust specific values associated with tuning such as the example below.

SSV-
— Set System Value —
Class Name Axis
Instance Name Axis01

Aftribute Name TuningTravelLimit
Source 100




Lecture 16: Tuning an S-Curve Movement from an Instruction

How to set up a trend for tuning an S-curve. Systems with a large inertia may do better with an S-curve type
acceleration. So the question is, how do we determine when the system is responding smoothly.

Start with a trend with the following parameters: .ActualPosition, .AverageVelocity, .TorqueFeedback. Note
that TorqueFeedback is one of the parameters that will not appear in the list of parameters that can be plotted
unless you have entered (requested) it in the Properties dialog under the Drive/Motor tab in the Real Time Axis
Information area.

Homng | Hosep | Tue | Dynemcs | Gans | Oups | Lets |

| Genes | MotonPlamer | Unts | Dve/Motor | Motor Feedback |
Ampifier Catalog Number 20684 B0 MO
Maotor Catslog Number MPL-B1520U- Vo2

Loop Corfiguraton Foston Servo
Drrve Resoltion [ DO00OOY Drive Courts /  Motor Rev
Deve Enable input Checung
Deve Dnatie input Faut
Real Time Aucs Iformaton
Atrbge | Poslion Emcx
Aronsge 2 Torgue Feedback

Below plot shows the S characteristic.




The “S” shows up in position but it shows up much more strongly in velocity. The activity of changing position
with an S-curve is strongly indicated in the velocity curve. The Jerk value in the MAM command as well as the
accel decel rates modifies the curve. In the below case we went from 50 to 100 Jerk and then down to 10.

The tradeoff is how long it takes a maneuver to complete as opposed to how smooth the transition is.

‘ NOTE THAT ACCEL AND DECEL JERK VALUES DO NOT APPLY WHEN USING TRAPAZIOD.

However it is affected by accel/decel rates.

Lecture 17: Servo Acceleration Explained

This chapter clears up a few items from previous section.

Lecture 18: Servo S-Curve Jerks Explained

This lecture points out the difference between a S-Curve and a Trapizoid.



Lecture 19: Using the Conversion Constants Calculate Tool

What are we referring to when we speak of conversion constants? Drive Resolution under the Drive/Motor
tab, Conversion Constant and Position Unwind under the Conversion tab. The values will always be
dependent on the application. The tool we are going to examine can be helpful for determining these values.

o o]

Homing | Hookup | Tune | Dynamics | Gains | Outpt | Limts | Offset | Faut Actions | Tag
General | Motion Planner | Units Drive/Motor | Motor Feedback | Aureedbek | Conversion

Amifier Catalog Number: | 2094-8C01-MO1 x
Motor Catalog Number:  MPL-B1520U-Vho2
Loop Configuration: Position Servo
Drive Resolution: ive Counts / | Motor Rev
| Drive Enable Input Checking

| Drive Enable Input Fault

Real Time Ads Information

Agtribute 2 [Tomue Feedback v]

[ OK ][ Cancel ] Apply

RCRIEOR =57

Homing | Hookup | Tune | Dynamics | Gains | Output | Limts | Offset | FautActions | Tag |
General | MotionPlanner | Units | Drive/Motor | Motor Feedback | AuxFeedback | (Conversion

Postioning Mode: | Rotary v
. : Drive Counts/1.0 mm
Conversion Constant:  10000.0 Based on 10000 Counts/Motor Rev
) ) Drive Counts/Unwind
Postion Unwind: 360000000 Based on 10000 Courts/Motor Rev

oK) [Ccancel ] [ ooh

You must be OFF LINE to use this tool. On the Drive/Motor tab click on the Calculate button. This will
bring up a dialog called Calculate Position Parameters (next page).



7

Calculate Position Parameters

=

Posttion Unit Scaling 1200 mm per 10 Mator Rev
Postion Unk Unwind: 1 mm per 10 Unwind Cycle
Calculate Parameters /
Drnve Resolution: BE0000 Drive Counts/Motor Rey
Conversion Constant: 8000.0 Drive Counts/mm
| Position Unwind: 8000 Drive Counts/Unwind Cycle
Update
Close J [ Help ]

4

The units will match what you have configured for your application. Fill in the text boxes according to your
applications needs and click on Calculate [? Update ?]. In the above example we want to move 120 mm per
motor revolution. The tool calculates the three values we will have to enter into the setting on the two tabs
shown on the previous page. This also applies to gear boxes, if we had a 3:1 gear box on our shaft in the above

example we would enter the number 3 in the “per Mot7 ‘ev” text field (see below).

-

Calculate Posihon Parameters

/ =

S

Positon Unit Scaling: 120.0
’ Postion Unit Unwind: 4
Calculate Parameters

Dirve Resolution:

Corversion Constant:

?l-l Pasition Unwind:

Update ]

mm
mm
rsannnn :
I 240000 |
: 24000 L
I e - = -I

|
o el |

P 1.0

Drive Counts/Motor Rev
Drive Counts/mm
Drive Counts/Urwand Cycle

b okor Resw

Urnwind Cycle

J

Help




Another use is for calculating the Position Unwind value. Let’s start with a 1:1 ratio...

ot

Calculate Position Parameters - P e . & -

PostionUnitScaling 1 mm per 10 Motor Rev
Postion Unk Unwind 10 ~mm per 10 Unwind Cycle
“! Calculate Parameters
Drive Resolution: 1000000 Drive Counts/Motor Rev
Conversion Constant: 1000000.0 Drive Counts/mm
Position Unwind: 1000000 Drive Counts/Unwind Cycle
[ Close ] [ Help ]
A

Now we want our shaft to rotate 360 degrees (rollover). Now click calculate.

Calculate Position Parameters - a— - o B -

et S

Postion Unit Scalingg 1 mm per 10 Motor Rev
Postion Unit Unwind: 1 p mm per 3500 Unwind Cycle
0 Calculate Parameters
i U Calculate
Drive Resolution: [720000 Drive Counts/Motor Rev
Conversion Constant: 720000.0 Drive Counts/mm
Position Unwind: 2000 Drive Counts/Unwind Cycle
i Update
| Clse | | Hep |

Now download this modified application and run... The shaft is going to turn 360 degrees. To do this access
the Motion Direct Commands feature from the motion group Axis01. First issue the Reset Faults command

(MAFR).



) & Motion Direct Commands - AxisO1:1 ol @ ]=
=-E3 Moti
- ~_.° e Qroups ‘ll Commands: Motion Axis Fault Reset o
| ‘ % mgg a | Axix Asas - []
o 6to Module
23 Ungrc ) ) B¢ MASD
(3 Add-On1 Monitor Axis Tag O MASR
S-&DataTypl  puuk Help E
@ CE User- R
- @ string IS N
. % Add-{ ¥ Cut Ctrl+X
-8 Prede opy Ctrl+C
Cj Mody B s s -
g-&3 Trends |™= = i
LR A m— seses
) Npw_ MoG Dy
a-&roc nﬁ[ = COIL —J i T 4,  DANGER: Execuling motion command with controller in
AMan Tune o 1
.69 17507 Program or Run Mode may cause axiz maotion.
@ 0 Motion Generator
[ Fatioh Group Shutdown ] E%] [ Cloze ] ’ Help ]

Now issue MSO for custom motor on (the motor will turn on). Next issue MAH for motion axis home. Then
issue MSF for Motion Axis Off. Fill out the information as shown below. We want position at 360 and speed
at(5, (the order of commands that worked was Motion Axis Home, Motion Servo On, enter parameters,

Exec
@ Motion Direct =3 RoH ==
Carmmands: Axis Move
By M50 Ao - [J
T MSF
@y MASD i
ove Type ncramertal
e MASK Mave T ' tel
@e MDO Posibion NG | 360.0
= B A0
b B MDF = .
% MDS nits el 28c
| L MAFR Accel Rate 100.0
e . Accel Units IInitz per sec?
|_|m Ml:ltll:lrl MI:I'\"E D“d Hm -Il:":ll:l
""" T MAS Decel Urats rnitz per zec?
p
""" T MaH Prohlle Trapezoidal
----- T Mal Accel Jerk 100.0
..... T MAM Decel Jeik 100.0
..... B MAG Jerk Units % of Time i
..... T MCD
_____ B MEPR il _13 DAMGER: Executing motion command with controller in
Prooram or Run Mode may cauze axiz motion,
b ation Group S hutdown ] | Execute ISIDSH ] I Help
You can monitor the move in the tag display.
Anisll AccelStatus 0 Decimal
Az Actualscoeleration -28.333332 Floal
M sis01 ActusPosiion
Azl Actualdelocity 4.987 Float
| T T £ — ~ W




Another example, Belt Drive. You want the belt to run 500 mm and you have a 10:1 gear box. So one
revolution of the drive will produce 10 revolutions of the GB. Putting the 10 in the “per Motor Rev.”
field allows the application to take the GB into account when you click the calculate button. In the end, 10
turns of the GB output will produce 500 mm of movement. Servo Motion One (first course) may have some
equations that will help here.

Note: if you are using a linear drive you will not get the lower text boxes in the calculate dialog (the unwind
terms).

Unwind means that after moving for x units, the position is back to the starting point. For example, a servo is
turning a wheel on a car. After traveling 360 degrees, it is back to where it started.

20. Understand a Simple Mechanical Drive System and Convert

Here we will look at conversion constants a little more. The below table is from course one. This is basicly
doing what the calculator does.

Here is an Rotary Axis example:
How to calculate conversion constants
A gearbox of 3:1 ratio used I
Pulley attached to the gearbox output is 48:40

The drive constants are set to 1,000,000 Cts/Motor rev

(1,000,000 counts/Motor Rev) (3) (48)
CONV CoNtaSt = Semmsccmen e r e e s s s r e e S e s e e e n = 3,600,000 Counts per Unit

Whatever the units are set to....this example does not note the units....but if you need to reference
something then says the units are a small box so:

3,600,000 counts per box
So in the servo's attributes tab under Conversions:
Conversion Constant: 3600000 Counts per box based on 1000000 counts per motor rev
Postion Unwind: 3600000 Drive counts per Unwind based on 1000000 counts per motor rev

So the units being measured are a box, in this case the system is calculated to one
box equals 3,600,000 counts

Note: just as the numerator is (3 GB)(48 Pully) the denominator is likely (1 GB)(40 Pully).
The equation is:

(Counts/Motor Rev)*(left side of GB * left side of Pully) / (right side of GB * right side of Pully)




21. The Difference Between Linear Cams and Cubic Cams

(@ Tog Properties - ComiProfile —— iﬁi =,_'.'
| General | [y

Name:
I Description:
Type: Bas=
S — 40 element array -

w_PHOFng[-m]':;

ServoMastery_SimplaMATC

|Read/Wite -

-

T Constant Accommodates 40 points of data,
not 40 cam profiles.

[ ok || Cancel || sppy

| .
- \
A | | Connection .. |

—————WATC
Motion Axiz Time Cam I EN 3 —
Axis Axis 01 )
Motion Conirol  WATC_1 DM —
Direction 0
—{ER—

X Cam Profie Cam1Profie[0] Y

The Cam1Profile parameter reserved space for 40 points but the profile below only uses 12.

Teeca | 11 [ Master [siave [Type |4
0100 0.0 Linear 3
104N 0.0 Linear
2 | 1.4666...| 0.9583... |Linear
3 ] 3.0333...| 1.4333... |Linear
— L 4]40 20 Linear
5150 1.0 Linear
6 ]16.0 20 Linear
7 | 7.1333...| 0.9916... |Linear
8180 2.0 Linear
9 | 8.8666...| 1.4416... |Linear |=
10 10.0 1.0 Linear
[ 11]110 0.0 Linear
=
Master
1 t
174 1 B
L .05 < m »
~ |Start Siope | 0.0 |
< L i J »  |EndSlpe |00 |
Master: Position: Velocity: Acceleration: Jerk: oK
1439 11.31667 00 0o 011}

Distance Scalng Disiance HC P —
250«
Time Scaling Time HPC—]
-
MATC
<11 Motion Axis Time Cam HCEND—
~~]_Axis Axis_01 ()
Motign Control MATC_1 (DN
Directioft~~_ _ 0
e HCER)—
Cam Profile Cam1Profile[0] )...])
Distance Scaling Distance HIPY—
250€
Time Scaling Time H(PC>—
20€
Execution Mode 1
Execution Schedule Immediate
Lock Position 0
Lock Direction 0
Instruction Mode Time Driven Mode
N




Axis_01.ActualPosition [175

Axis_01 ActualVelocity

Velocity

¢

>\

o

MATC_1_Positioning

82417

Saturday, May 05, 2018

8:24:44 AM

8241

Below we have changed the TYPE of cam from Linear to Cubic. You can see it smooths it out for us. Much

more practical.

% ' Cam Editor - Cam2Profile BT
/v eon 5888 @Qae
- .
" Slave Position ~ | 1) | master |siave |Type |~
000 05 [cubic ! |
o 1]1.0 1.0 wbc. |
H/ \\ N S 2 [19933 [10 Cubic |
0 1 | 3 ]3.0033...] 0.5933... |Cubic |
ﬂ / \ 430 1.0 Cubic |
| ' 5 |50 14 Cubic
{'%2 \ 6 | 6.0086..[1.0 Cubic
5 7 ]7.04 0.5 Linear
H :’ 3
= '.. -
Fos
;/
4 ".' 5
X ! « 1l ’
F 04 = { [ ]
A A ~ | Start Slope [ 0.0
< [ m I » End Slope | 0.0
Master. Position; Velocity: Acceleration: Jerk: ‘ 0K
05333 [0.816667 Jo645081 fo37ia19 3742908
[ Apply




MATC
- Motion Axis Time Cam
Axis

. . Motion Control
Make sure you are offline or you could invoke unexpected g

Direction
movement. CL'CK

Cam Profile Cam1Profie{0
Distance Scaling :

22. Using a Servo Cam Editor

Time Scaling

& ' Cam Editor - Cam1Profile

& 7v o ,@:33 @ AR glave Position

4
TSIMPosﬁon i -
----- -

A ' Cam Editor - Cam1Profile

§ 7rv o Ws QAR glave Velocity

" Stave Velociy) » [ 11 [uaster [Save [Type
@1 Cam Editor - Cam1Profile
g 7\ v =
?é R Slave Acceleration
| opmaieme {1 |Master |Slave |Type |~
' Cam Editor - Cam1Profile ' s

T AT AR o

oK Slave dert « | 11| master |Siave |Type |4
0Joo 0.0 Linear | |




Specifying the Cam Profile

To execute a MATC instruction, a calculated Cam Profile data array tag must be specified. Cam Profile array tags may be created by the RSLogix
5000 tag editor or the MATC instruction using the built-in Cam Profile Editor, or by executing an Motion Calculate Cam Profile (MCCP) instruction on
an existing Cam array.

Motion Active
/ \ Position Cam

Motion Active
Position Cam

______ 4  Tag Creation

Data Modification

The data within the Cam Profile array can be modified at compile time using the Cam Profile Editor, or at run-time with the Motion Calculate Cam
Profile (MCCP) instruction. In the case of run-time changes, a Cam array must be created in order to use the MCCP instruction.

All but the status and type elements of the Cam Profile array element structure are "hidden" from the RSLogix 5000 tag editor. These hidden
elements are of no value. The status parameter is used to indicate that the Cam Profile array element has been calculated. If execution of a
camming instruction is attempted with any uncalculated elements in a cam profile, the instruction errors. The type parameter determines the type of
interpolation applied between this cam array element and the next cam element.

24. Motion Axis Time Cam Instruction Intro

Begin by making a new controller application.

| | Redundancy Enabled

MATC_intro

1756-A10  10-Slot ControlLogix Chassis

Catety Partnier Siot

C:\RSLogix 5000\Projects

| No Protection

[ ] Use only the selected Security Authority for Authentication and
Authonization




From the Motion Move tab select and add to program the Motion Axis Time Cam function block. Now add a
motion group, we will call it ServoMastering. This is a virtual axis, name the tag Virtual Axis_01. In the
controller properties Date/Time tab select Enable Time Synchronization, this allows the motion group to run
properly. We will run with the below values.

[ General | MM] Unts | Conversion | Homing | Dynamics™ [Tag |

Program Tags
& MainRoutine
-[Z3 Unscheduled Programs / Phases
=3 Motion Groups
( U'E_Se_rv?ﬁa?te_ry- SR
20 VirtualAxis 01
L.(88 Ungrouped Axes ’I

-

=t {_ﬂ Data Types
[0 User-Defined
q Strings
.3 Add-On-Defined
@ Predefined
.. Module-Defined
-.{Z3 Trends

\

)
1
\

(End)

o o

Maximum Speed: 9 Posttion Units/s Manual Adust
Maximum Acceleration: 1000 Position Units/s"2
Maximum Deceleration: 1000 Position Units/s"2
Maximum Acceleration Jerk: 10000 Position Units/s"3 > 100% of Max Accel Time
4 | Maximum Deceleration Jerk: 100001 Position Units/s"3 < 1% of Max Decel Time
ok ] | (Mhery | b ]
Controller Organizer e ol | T TR W Y E] ¢ a.v @
# I = 43 Controller MATC Intro
2 |-[# Controller Tags e MATC
G: (53 Controller Fault Handler 0 e "mwm--s tmi:H
(23 Power-Up Handler : :x“:f*"_ ________
&5 Tasks ¢ Y. Show: AXIS_CIP_DRIVE, AXIS_G... v
[=-4&@ MainTask o '/
=-E§ MainProgram : —m——f—gk sl DataType  ~
. L'*J Vinua!Ax:s_ml' AXIS_VIRTUA
.
2.

1




— Jloticn Axis T ] -y [CEND—
e IR - ),
Nidotion Control _ _ _ _ MATC 01_ _ A-CON)~
Direction 0
—CER)—
Cam Profile CAMProfile (..
Distance Scalng Distance = 1P y—
S00e
Time Scaling TimeFrame ={PC)—
26
Execution Mode 0
Execution Schedule immediate
Lock Position 0
Lock Direction 0
Instruction Mode Time Driven Mode

[Note: CAM Profile tag must be an array.]

At this point we have made an axis, now we want to
make the motion control. The “control” is just the
tag name we give it. This value goes in the Motion
Control field of the function block. Keep in mind the
HELP system is an excellent reference for filling out
the function block.

Description

Usage:

Type:
Alias For:

Data Type:

Scope:

External
Access:

Style:
Constant

Upen L«

MOTION_INSTRUCTION

ffa MATC_intro

RO Shor

Create iVI

Cancel J

Help |

.EN — set when rung goes true, stays set until rung goes false.
.DN — set when the axis time cam instruction is successfully initiated, not when the movement is complete.

.ER — indicates when the instruction detects an error, such as if the axis is not configured. (examine error code).
IP —in process bit set on positive rung transition and cleared when terminated.
.PC — process complete is cleared on positive rung transition and set in Once Execution Mode when the time
leaves the time range defined by the current active cam profile.

Refer to troubleshooting techniques discussed in course one. Error code explanations can be found in help file
under topic Motion Error Codes (.ERR). Refer to HELP file for a discussion on cam topics such as Camming
Direction, Camming in the Same/Opposite Direction, Changing the Cam Profile, Changing the Camming

Direction, and Specifying the Cam Profile.



MAH

» <4 Motion Axis Home —{END>-
Tog Editve Axis  Virualaxis_01 () HCDN)-
Motion Control ? —{ER>~
/: A —(IP}—
’/ \\ _<pC>_
Ladder MAPC Motion MAS
Routine MATC Planner —| Motion Axis Stop —EN>—
Axis Virtualaxis_01 ()
Motion Control MAS —{DN)>—
Stop Type Time Cam
Change Decel No —{ER)>—
Decel Rate 0
Cam < IP)—
______ 4 Tag Creation Profile Decel Units  Units per sec2
Editor Change Decel Jerk No —{PC)>—
2 Data Modification Decel Jerk 0
. . . . . Jerk Units Units per sec3
The above figure illustrates the order of operations. We will discuss e
MCCP coming up. it

Now we will look at how to turn the axis on. The only way to do this with a virtual axis is to use the
homing command, MAH. ServoActionStatus means the servo is on (first course). Now we want to start the
cams.

You also want to stop the servo (MAS), do not leave the bit on. There are different types of stop. Here we will
use Time Cam. Note that there could be other motion going on in the system so we have to select carefully.

HMI_ServoSystem_On MAH
4 Motion Axis Home —CEND>—

Axis  Virtualaxis_01 () H(DN>—

Motion Control MAH —ER)—

—{ IPy—
—(PCO—
VirtualAxis_01.ServoActionStatus  HMI_CamStart MATC
j [ j [ Motion Axis Time Cam —EN>—
Axis Virtualaxis_01 (L)
Motion Control MATC_01 —{DNY—
Direction 0
—CERD—

CamProfile  CAMProfie [.)
Distance Scaling Distance - IPy—

S0.0€
Time Scaling  TimeFrame —(PC)—

NS
v

HMI_CamStart MAS:

b— — Motion Axis Stop —CEN)>—
Axis Virtualaxis_01 ()
Motion Control MAS —{DN>—
Stop Type Time Cam
Change Decel No —ER>—
Decel Rate 0

—(IP>—

Decel Units  Units per sec2
Change Decel Jerk No —{PC)>—
Decel Jerk 0

Jerk Units Units per sec3

A
~




Now we want to create a cam profile and associate it with our
MATC block. We are replacing the function MATC Cam
Profile entry (started out as CAMProfile) with the first instance
of that profile. Remember, CAMProfile is a control array.

(1 think he means replace CAMProfile with first element of

CAMProfile control array CAMProfile[0].)

Now we open the cam editor and enter our cam profile (click

Y.

= CAM_PROFILE v

/ == [ Data Type -

4 CAM_PROFILE[=

) + 4Pro 9ef0] ¥ CAM_PROFILE

j = TTTATSTREM CAM_PROFILE

—|f - CAuProfiel] CAM_PROFILE

g - CAMProfile[3] CAM_PROFILE
Controller

Program

Now create a trend on the position and
velocity parameters. Then download to the
emulator. Make sure it is running.

Apply).
s 1|
# | Cam Editor - CAMProfile (=D S
4 s v s §§F QA Q]
-
5 Bave Posiicn 11| Mester [Siave [Tyoe |-
0]oo 00 |Lnear
v 10 o1 Lnear
boeG— O— o— 12120 (02 [unely
3 [30 03 |lmear
| 4140 04 Lnear
| 5|50 05 Lnecar
03 | 6]60 0.4 Linear
| 7|70 0.3 Linear
[ 8]s0 |02 Lnear
i 9 |90 01 [Lree'
o 2 [ 10[100 |00  |Lnear
-/ -5 —F —F—-—F—-—F-F\—-F-= ] ! [
w
Mazter
* + +
1 5 ] 0 © #
01 L
Mazter. Pasitionc Velocky: Accelershon: Jark [ 0% ] Cancel
14 6567 10.002857 joo 00 joo =
B Help
x J

Put the emulator in RUN mode. Toggle HMI_ServoSystem_On
tag and then set HMI_CamStart to on. Next run the trend. We
had the cam set to run once as opposed to continuous.

89 RSLogix Emulate 5000 Chassis Monitor )
Slot View Options AllModules Help
Computer: [ISEI77710W16
0 1 2 3 4 5 5} 7 8
Emutator [Emwarcd Enutotor [Emtator Enworor Emutator [Emuarce Enutector I

Now we are going to add a contact closure with the cam tag
MATC_OL.IP (in process). Toggle HMI_CamStart on/off
and then set MATC_01.1P on (?). Now open the trend. We
see that the cam cycles, runs continuously. We can adjust
the distance scaling, try 100 and notice that the velocity has
to increase to keep up with the cam timing.

5 & 5 o — A
9 10 1 1 13 4 15 16
| For Help. press 71 )
MATC
Motion Axis Time Cam k(:Era::w—
AXis Virtualaxis_01 [...)
Motion Control MATC_01 B DN ==
Direction 0
—CERD—
Cam Profile CAMProfile[0] J
Distance Scaling Distance —{ 1P >—
500e
Time Scaling TimeFrame B PC s
2€
Execution Mode 0
Execution Schedule Immediate
Lock Position 0
Lock Direction 0
Instruction Mode Time Driven Mode
N

The time cam describes the distance you want to travel in the amount of time you want the move to take.




25. Breakdown the Difference Between an Immediate and Pending MATC Use

This topic falls under time cams. It is a different scenario. We have a small state machine with a time cam
which itself runs another time cam twice. On our MATC function block (one of them) we see the parameter
Execution Schedule set to pending (this is the second, the one that runs twice). This allows us to use the
.TimeCamPendingStatus tag as a counter. At the last rung “it” is reset to another sequence. The program being
used here is Timing_CAMs in TimingCAMs.ACD (exported as a graphic in same directory as SMM2).

Auis_2 Commandyelocity [10] Time_CAM  Saturday. May 05, 2018
0l
dis_2. TimeCams tatus | 5
1
Apis_2 TimeCamPendingStatus 6
I
M ainFragramritial_CaM. Control |IP [ 3|
=
MainF'rngramHF'ending_Eﬁ.M.Eu;-nll|:-IIP- 2|
=
MainProgramFinal_Cam ControllP | 1]
5

Sequence (blue) runs four times, waits 4 seconds, re-homes,

To Start sequence, set Pend_CAM_Index=10 and press the HMI_Systen_On

EQU £QuU EQU TON StartDelay.DN MAH
] Equal ——— Equal t——— Equal ——— Timer On Delay HCEND J F Motion Axis Home HCEND
Source A Axis_2 DriveFault Source A KinetixFaultCode Source A Pend_CAM_index Timer  StartDelay i Axis Axis_2 | fC DN D
16%#0000_0000 & 0€ 60 ¢ Preset 4000 €—(DN)>— Motion Control Home_2 HCERD>—
Source B 0 Source B 0 Source B 10 Accum 0€ HIP>—
o PC
MOV-
Move —
Source 0

Dest Pending_Cam_Count
1€

Move —

Source 20

Dest Pend_CAM_ndex
60 ¢

Then in a lower rung it runs the first cam ...



Execute First Profile
£QU MATC. MOV
4 |— Equal Wotion Axis Time Cam ~(ENY——— Move —
Source A Pend_CAM_index Axis Axis_2 () Source 80
60 Motion Control Initial_CAM.Control [ ON D=
Source B S0 Direction Initial_CAM.Direction Dest Pend_CAM_index
0¢ HER)— 60 €
Cam Profile Time_CAM_Profile{0] (o)
Distance Scaling Initial_CAM Master_Scale —(IP)>—
500«
Time Scaling Initial_CAM.Slave_Scale |B(PC e
10€
Execution Mode Once
Execution Schedule Immediate
Lock Position 0
Lock Direction None
Instruction Mode Time Driven Mode
S

Next it runs the pending cam twice ...

Execute Pending Profiles.
Pending Profiles have direction set to reverse to make it easier to see results

When complete with Pending Profiles, execute final Profile. Direction set to forward to make easier to see results.

£QU- LES Axis_2 TimeCamPendingStatus MATC
5 }— Equal Less Than (A<B) /B Motion Axis Time Cam HCEN!
Source A Pend_CAM_index Source A Pending_Cam_Count Axis Axis 2 ()
70 € 26 Motion Control Pending_CAM Control DN ==
Source B 60 Source B Max_CAM_Cycles Direction Pending_CAM Direction
2 ¢ 0e ER)—
Cam Profile Time_CAM_Profief0] (=)
Distance Scaling Initial_CAM.Master_Scale HP)>—
50.0€
Time Scaling Inttial_CAM Slave_Scale e PC o
10e
Execution Mode Once
Execution Schedule Pending
Lock Position 0
Lock Direction None
Instruction Mode Time Driven Mode
-ADD-
Add —
Source A Pending_Cam_Count
2+
Source B 1
Dest Pending_Cam_Count
24
£QU Run_Final_ CAM Axis_2 TimeCar MATC
L— Equal ] [ o Motion Axis Time Cam HCEN)-
Source A Max_CAM_Cycles Axis Axs 2 &2
2 € Motion Control Final_Cam.Control (DN Dess
Source B Pending_Cam_Count Direction Initial_CAM Direction
24 0e [HER)>—
Cam Profile Time_CAM_Profief0] ()
Distance Scaling Initial CAM.Master_Scale —(P>—
500«
Time Scaling Initial_CAM Siave_Scale I PCOms
10
Execution Mode Once
Execution Schedule Pending
Lock Position 0
Lock Direction None
Instruction Mode Time Driven Mode
E
MOV-
WMove p—
Source 70
Dest Pend_CAM_index
10 ¢
Run_Final_CAM MOV-
JE Move —
Source 70

Dest Pend_CAM_index
10¢

And concludes with ...




EQU Axis_2 TimeCamPendingStatus  Axis_2 TimeCamStatus MOV

-] Equal ——1’ —-ﬁr _ Move b
Source A Pend_CAM_index Source 10
10 4
Source B 70 Dest Pend_CAM_index
10 #

The idea here is to notice the difference between pending and immediate and how they affect the outputs.

26. MATC Logic Used with a Virtual Axis With Trouble Shooting

To Start sequence, set Pend_CAM_Index=10 and press the HMI_Systen_On

HMI_System_ON EQU TON StartDelay DN
—— [— £QU3 Timer Or; Delay —CEND 1 F
Source A Pend_CAM_Index Timer  StartDelay
60 & Preset woo €~(DN)>—
Source B 10 Accum 0 &

In this lecture we will be discussing this key area of code.

MATC
- Motion Axis Time Cam = EN)-
Axis Axis_2 ()
Motion Control Initial_CAM.Control [OND= AXIS_SERVO_DRIVE
Directicn Initial_CAM Direction o
—(ER)-
Cam Profile Fauked
(P— MotionAxis_1
10
e ault
PhysicalAxisF;
Execution Mode Once PostionErrorFaut |
Execution Schedule Immediate —. ots
Lock Position 0 No F
No Faults
Lock Direction None -
Instruction Mode Time Driven Mode
A

To begin we start the application using the HMI_System_On tag. We are using the hardware application (not
emulator) at the moment so we can create a fault by changing the MATC Distance Scaling parameter to 50
causing the motor to have to move too fast to keep up with the cam. This is a position error fault. A position
error means you have tried to do something the servo is not capable of.



12> Auis Properties - Axis 2 = (===l In this case we have set really tight limits
Gene | Motion Plamner | Unts | Drve/Motor | Motor | Asreedsck | comeson | | (figure to left).
| Homng [ Hookap | Tune [ Dynamics [ Gans [ Ouput [|Umis || Offset | Fauk Actons | Teg |
Hard Travel Limts Manual Adust... | If you are wondering if the error is with
S id St Custom Limds...| something like the limits or with the
motor, amp, or cable you can reset and try
jogging the motor. If it works you know
[Poston Eror Toerance Postion Unts | those things are okay.
Posttion Lock Tolerance 0.01 Position Units
T Motion Direct Commands - Axis_2:1 [folfe =]
Peak Torque/Force Limit 339.3701 % Rated
Commands: [Motion Axis Jog
Continuous Torque/Force Limt:  100.0 % Rated Qo M50 e Asis_2 -/
T MSF
— - = Label Operand
- O — Dieclion Fruwayd
ok [(gened e ] st — il —
Accel Rate 1000
Accel Unts Units per sec2
. - - - Decel Rate: 100.0
Next we will try increasing the position error tolerance to 10.xxx, ecelUnks Ut 2
reset the fault, and run. It does run and does not generate a fault. eceide 0
s Daied -
Make sure you try this type of troubleshooting before changing out A rnahniokmy e
the motor.
The errors we had on the last page while running - [#2-euommanascosetauon . —1
A4|5_2 CommandPosition 131.8

the hardware will not appear when we do the
same thing on the virtual axis. The virtual axis I
does not have those position error tolerances associated with it because there is no hardware.

A5 _2 Commandy elocity

WIS 2 CanfinF sl

When using a MATC cam you are basically specifying a length of time and a distance to cover in that
timeframe. The software will drive the motor to the required speed. Be aware of the physical aspects of the
settings you enter. And keep in mind the virtual axis will not generate many of the faults that the hardware will.




27. MATC Scaling Explained To Limit Confusion
Do not issue a command unless ServoActlonStatus is ON, otherW|se your MATC would generate an error.

ol ystem_On Axnl! ServolActor
ﬁ —_— 1 ¥
MU stem

i}
MAM DN Axsl! ServoActonStistus
MM StartCam
—_——

A )

217

StatCam

] o bce
~rn Axm - —
LCER
A 1 .
1 ey e c WE)
) Al | S
- F{ER)
bi- —
axn ™ ar §
AxS Axnl
MAT 0N -
MWER
e CamProfield \
ance J Jsiance < F
20¢ |
- s me P -—
4 e |
- Axml | S
NA MWERS
. me La [
e

In above graphic, by default, both the time and distance scaling parameters are set to 1. To scale a time cam
profile enter a Time Scaling or Distance Scaling value other than 1. Increasing the time scaling value of a cam
profile decreases the velocities and accelerations of the profile. To maintain the velocities and accelerations of
the scaled profile approximately equal to those of the unscaled profile, the Time Scaling and Distance Scaling
values should be equal. For example, if the Distance Scaling value of a profile is 2 then the Time Scaling value
should also be 2 to maintain approximately equal velocities and accelerations during execution of the scaled
time cam. Important: decreasing the Time Scaling value or increasing the Distance Scaling of a time cam
increases the required velocities and accelerations of the profile. This can cause a motion fault if the
capabilities of the drive are exceeded.

Before we run lets review what transpires in thls cam profile. Keep in mind this is a time cam. When a cam
profile is specified in a MATC instruction :

the Master Coordinate Value defined by

the profile array takes on time units in

seconds and the slave units are the slave

values which take on the units of the slave
servo. Contrast this to the fact that the
time and distance scaling parameters are

unitless, the values are basically used as

multipliers to the cam profile. So the cam
profile is relevant but at the same time the

distance and time are more or less

multipliers. This is what controls the
velocity of the servo. The same is true for
the speed and acceleration. So say we

Shve Poamon - - [] | Master [ >ave I ype J‘

Master




have a distance of 10 and a time of 1, what will happen? Toggle HMI_StartCam. We have the execution mode
set to zero so it will run one time. Likewise, having execution mode set to continuous (1) will run the cam
multiple times.

Figure 2 one possible cam start logic.

MATC bits

.EN — set when rung goes true, stays set until rung goes false.
.DN — set when the axis time cam successfully initiated.

.ER — indicates when the instruction detects an error.

.IP —in process bit set on positive rung transition.

.PC — process complete is cleared on positive rung transition.

28. MATC Instruction With A Natural Move Command

CPT

Compute

Dest ProductPerMin_Time
180000+

Expression Machinespeed*60

CPT

Compute

Dest MovementTimeScale
18+«

Expression ProductPerMin_Time/1000/10

In this lecture we will add a ‘rolling time change’ to our time cam. We will add a couple of compute
statements, one will be ProductPerMinTime (REAL) and the other MachineSpeed (DINT). We multiply
MachineSpeed by 60 since we are working in seconds. Parameter MovementTimeScale will be REAL.

So now MotionMovementTime is used in the MATC block in the TimeScaling field. We call this a rolling
system. And we initialize MachineSpeed at 250 (items per minute). You can try changing the distance, this
will change the velocity of the servo motor.




MAHDN  Axis01.ServoActionStatus  HMI_StartCam MotionMove CPT-

= = e——— ———— 1 E J F Compute
Dest ProductPerMin_Time
IntStartBit 18000.0 «
— Expression MachineSpeed*60
CPT:
Compute
Dest MovementTimeScale

1.8«
Expression ProductPerMin_Time/1000/10

MATC
Motion Axis Time Cam — EN)>——
Axis AxisO01 .
Motion Control MATC = DN =
Direction 0
—(ERD>—
Cam Profile CamProfile[0] ...
Distance Scaling Distance —(IP)>—
250+
Time Scaling MovementTimeScale —(PCO—
18+
Execution Mode 0
Execution Schedule Immediate
Lock Position 0
Lock Direction 0
Instruction Mode Time Driven Mode

TBy default, both the Time and Distance Scaling parameters are set to 1. To scale a time cam profile, enter a Time Scaling or Distance
Scaling value other than 1.

Increasing the Time Scaling value of a cam profile decreases the velocities and accelerations of the profile, while increasing the
Distance Scaling value increases the velocities and accelerations of the profile. To maintain the velocities and accelerations of the
Iscaled profile approximately equal to those of the unscaled profile, the Time Scaling and Distance Scaling values should be equal. For
example, if the Distance Scaling value of a profile is 2, the Time Scaling value should also be 2 to maintain approximately equal

velocities and accelerations during execution of the scaled time cam.

Important:
Decreasing the Time Scaling value or increasing the Distance Scaling of a time cam increases the required velocities and
accelerations of the profile. This can cause a motion fault if the capabilities of the drive system are exceeded

SerpleMATC _WihMove ACD =



29. Servo Motion Mastery PCAM Intro

The topics of this lecture are the basics of a position cam and how to calculate a position cam. Here we are

using the phase manager.

dle —— Running®™——— Holding —» Held

dew Phase State Routine
New Routine
mport Routine

New Parameter Resetting‘ Restarting
A A |
l%to;: l/\t;c",
Mot v Al 1
! : .
oM s Complete Stoppm?—) Aborting
4I M nitor Equepn ent Phase I - ‘
Add-On bnst ; Auto Pause L Auto Pause |
a el — Pause ( Pausing | |Reset Stopped] Aborted
[ Paused | | |
Figure 3 elements of a phased system. , o .
'! — - 3 - AT - -
:" : hace 1 b _‘v
E PS Phaseinterface ) e 4
I 2boting
u; Resett "
& F al; ] ’ v ~
toppeng . . . . .
‘3 ’ Figure 4 position cam Motion Calculate Cam Profile function block.

AXIS_Slave ActualVelocity | 20.0
\-20 0

-I:O(IS_Master ActualVelocity | 20.0
1

] |-20.0

Slave axis, in blue, is running relative to the master in red. Note we are plotting velocity.
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The MCCP cam being implemented, start and end slopes are both 1.87403 (on‘ Motion Calculate Cam Profile
[MCCP] function block, not cam table). This cam profile will be used by the Motion Axis Position Cam
(MAPC) function block (not clear why they are not on separate states with MCCP coming first).

Controller Organizer

x

5 Controller CamChangeOnFly
2 Controller Tags
£ Controller Fault Handler
3 Power-Up Handler
5 €5 Tesks
8 MainTask
4 PZ.AUTO
D Phase Tags
[ PS_Phaseinterface
‘ Aborting
s Resetting
h Runneng
Mg stoppng
» 5§ PO0_Control
o £ POL_Axes
P Program Tags
n MainRoutine
. RO3_Intialize
B RO4_JogMaster
j R06_StopAbort
3 Unscheduled Programs / Phases
<3 Motion Groups
8 MGl
2 AXIS_Master
2 AXS_Slave
—J Ungrouped Axes
(3 Add-On Instructions
5 Data Types
# O User-Defined
o (@ strings
L Add-On-Defined
+ @ Predefined
(i Module-Defined
- 4 Trends

Caader Dugram

| Sescipten

01 Aows

| Program __
Numper of Rungs ”

|thm:m-mﬂ

—{4n)

Axs_Save_CMD Run

o

£0u
Egqual

Sowrce A SEQ_CemSwve

Nove P—

Source "

— Eaual

Source 8

, g | PS_Phaseiterface m_wm_
L A A

e
Sowrce B 0 Dest SEQ_CamShave
20 o
Axs_Save_CMD Run 20 0
JE ~{ Not Equel Nove —
Sowrce A SEQ_CamSave Source 0
N
Sowrce B 0 Dest SEQ_CamShave
0«
(0P }—
MAPC
Moton Axs Postion Cam HCEN)
Source A SEQ_CamSlave Slve Axs  AXS_Shve
30+ Master Acm AXIS_Master () (DN Owe
10 Woton Comtrol WasC
Drecton 0 P ER e
CamProMe  StartProte(0] P y—
Slave Scaing 1
I PC -

—_—

- Motion Caicuiate Cam Profie

- EN Y
Motion Control MCCP_RP_A

Cam RunCam I O -
Length 4

H(ER)—
Start Siope 187402
End Sope 187403
CamProfie  RunProfie_A

AXSS_Slave PostionCamPendingStatus  MCCP_RP_A DN
m—

NAPC P MOV
Source 20

First and foremost, the program calculates the cam using the MCCP block and that information will be used by
the MAPC block. Click the ellipse in the MCCP block beside CAM / RunCam and the Cam Editor appears
(shown above). Note the Start Slope and End Slope entries at MCCP cam profile above. Now in the MACP
block click the ellipse beside the CamProfile / StartProfile[0] entry to see the cam profile below.
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As soon as the position cam indexes and the IP bit goes true it will transition to the next state. The code is set
up so no move may be in progress, CAM calc must be complete, and the move begins. Implies that MCCP fires
off MAPC. Need to know the link between MCCP and MAPC, they do not seem to access the same “profile”
arrays. Consider the code at states 20 and beyond below. The trend shows the result.

EQu

MAPC
4 Equal Motion Axis Position Cam EN>
Source A SEQ_CamSlave Slave Axis  AXIS_Slave [
30 € Master Axis AXIS_Master () (DN =
Source B 10 Motion Control MAPC
Direction 0 ER)—

-
Cam Profile StartProfile[0] [ &<IP)—)
Slave Scaling 1 ~—A

PC)-\\
\

v

p—_

MCCP-
Moticn Calculate Cam Profile —EN)>—
Motion Control MCCP_RP_A -
Cam RunCam () ‘(DN).
Length 4 - Ll

Tcer—

‘G--—-

Cd
Start Slope |.s,7w!
td

g
-
End Sope _ 1,87{:? /

R
CagPtofie  RunProtic_A [ Vs
P

.._____.t',""\ i
AXIS_Slave. PositionCamPendingStatus { MCCP_RP_ADNY MAPCIP ¥ = —==""l0V-

! " transition

_—-./_‘L_ﬁ_-___ x b‘— Move
no move is in progress "7 Ve Source 20
CAM calculation  mpove

completes begins | Dest SEQ_CamSlave

an




This is rung 5, state 20. MAPC
Motion Axis Position Cam EN E——
Slave Axis AXIS_Slave [.]
Master Axis  AXIS_Master [...] (DN ==
Motion Control MAPC1
Direction 0 HER)—
Cam Profie RunProfile_A[0] (L) |IPoes=
Slave Scaling 1
HPCH—
¥
GRT MCCP
Greater Than (A=B) Motion Calculate Cam Profile HCENY—
Source A MAPC1.ZEGMENT Motion Contrel MCCP_RP_B
0& Cam RunCam () s DNDe=
Source B 0 Length 4
[ HCER)—
Start Slope 1.87403
End Slope 1.87403
CamProfie  RunProfile_B [.]
GRT AXIS_Slave PositionCamPendingStatus MCCP_RP_B.DN MAPC1.IP MOV
Greater Than (4=B) —_— e —] Mov R E—
Than (A E _ u.e ; ;
Source A MAPC1.SEGMENT Source 1 30 |
0 I I
[~ - 4 o A
g . Have not transitioned, MAPC1.SEGMENT " -EQ—C‘*"‘%'&;;‘_ :
is not greater then 0. 1 :
T

So the IP and SEGMENT terms are what is used to transition. This code oscillates between states 20 and 30.
MPAC1.SEGMENT toggles as well. The trend plot on next page shows velocities and positions.

EQu Rung 5, State 20 but we have transitioned to state 30 WAPC
S |—— Equal Motion Axis Position Cam HCEN
Scurce A SEQ_CamSiave Slave Axis AXIS_Slave ()
30 & Master Axis  AXIS_Master [..] s{DN)es
Source B 20 Motion Control MAPC1
| Direction 0 HCER)—
Cam Profile RunProfile_A[0] ] H{IP>—
Slave Scaling 1
[ PCH==
¥
GRT MCCP
—— Greater Than (4=8) Motion Calculate Cam Profile HCEN)Y—
Source A MAPC1.SEGMENT Motion Control MCCP_RP_B
2 Cam RunCam (] DN e
Scurce B 0 Length 4
—ER}—
Start Slope 1.87403
End Slope 1.87403
Cam Profile  RunProfie_B (]
GRT AXIS_Slave.PositionCamPendingStatus MCCP_RP_B.DN  MAPC1.P MOV-
L Greater Than (A>B) 5/ E g = JF 1 Move -
Source A MAPC1.SEGMENT . Source 30
2¢  Notice MAPC1.SEGMENT > 2 and SEQ_CamSlave = 30.
Source B 0 At some point MAPC1.IP was also true and this rung Dest SEQ_CamSlave
executed transitioning to state 30. 30 &

Here we are looking at
velocity only, this can
help us identify errors or
areas in need of
improvement.
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The timing of the servos is really the key to the system. Also consider the course rate update of the master
(axis) group as it plays a role in the calculations. Find this value in the properties of motion group MTL1. In
this case we are using 2 ms. (We are running virtual axis).

@ Mation Group Properties - MG1 ‘_- ;-0

Mot
' -

Ans Asagrment  DuULe ag

-

Reference

Type

Oescrption

Coarse Update Propertie

Growp Fault vesw B v
Axis Faut NoF.uts “F W

Timing and Course Update Rate are the keys to servo motion systems, examine them carefully.

Note that it is not necessary to use the MCCP block, you can run MAPC with a hard coded cam (see below).
This method is used when you have to adjust CAMs on the fly. See lessons below for more on this topic.



30. Servo Mastery PCAM Explained In Detail

At this point we have moved the code above (ch 29) into a program without the phase structure.

Here we are still using a virtual axis running a motion axis position cam (MAPC). In this module we will
examine what have done above at a slower pace. In lecture 31 below we will build a program from scratch,
make a position cam, use the position cam (using real hardware, not emulator). This is a simplified system.
Now let’s look at the cam used in MACP, ellipse button associated with cam profile.

love Position . ﬁ.ﬁ"'ﬂ." Sve ;._o |
SLAVE ' | l J
POSITION
- N -
1
L -
aa - :.-.-.J.
= g +
MASTER
- AXIS
14
-
...I.-.":
.
« | Start Siope T
| End Sope |

In this case Axis1(the slave) is linear and the Conveyor is a rotary (cubic?).
Master axis is moving from zero to thirty and the cam is controlling the slave
axis to the blue line (slave is following the master). So we can see that the
position of the master axis determines the position of the slave axis by means of
the table. Now we are going to use the Motion Axis Move command to move to _
position 50 at a speed of 1 (slowly). We should see the shape of the cam o b P e
represented on the trend. Light color is master (running), blue is the slave -
(following). Green is the velocity. So we see that the blue line in the trend
resembles the cam profile. As the master goes from 0 to 30 (in this case) it will the slave axis (axisl) WI||
follow according to the blue line in the cam profile. The position trend should look like the blue cam line. In
this first example we tell the master (conveyor) to run to position 50, but the slave (axisl) is only programmed
cammed) to follow to 30. So it will stay in place as master goes above 30.

Axis1.ActualPosition

Axis1 ActualVelocity

Conveyor.ActualPosition

Conveyor.ActualVelocity




This is a second run where we increased the speed of the conveyor. We can see that the cam caused the speed
of the slave (axisl) to greatly increase so it can keep up. The velocity lines are sharper.



31. Building a PCAM From Scratch

In this lecture we will build an application with a cam from scratch. The name is ServoAxis_PositionCam.
We will create a periodic task so that we can better time the system.

[ Genera | Corfiguration” | Program / Phase Schedde | Montor In this case we will create a periodic task, this
) allows us to better time the system, particularly in
Tyve Pesodc \d this example.
Penod 471000 -~
Prosty 10 T [Lower Number Vbds Highee Prioety) = &5 Tasks
Wachiog 000 me 2 "OF
] Desable Automatc Output Processing To Reduce Task Overhead . rw""
———— P Program Tags
| ) ManRoutine

= €3 VO Configuration
& @ 1756 Backplane, 1756-A10

Next we add some 10 as you see in this graphic.

$) [0) 1756-L73 Servoluis_PositionCam
5§ [2)1756-M16SE Sercos
= s SERCOS Network
&, 10 2094-BCO1-MO1 Kinete 65000
5§ [311756-ENBT/A Ethernet
s Ethernet

Next create a motion group.

= Jnscheduisd Programs / Phases

Ctrie X
Cirle C

Cirle ¥

o O Strin 5 Paste

£ o 2 SSSUSES——

noeal

E j ORASCEON

Usage
Type
Abas For

DataType:  MOTION_GROUP

Scope ’ Servoiues_PoshionCam

Slonet [n.m

Style:

[ Conatart

[ Open MOTION_GROUP Conliguration

Now create the servo drive, call it Pusher. This is a physical
drive [AXIS_SERVO_DRIVE].

Now create a virtual drive called Conveyor.




An important step, go to controller properties Date/Time tab and enable time
synchronization as shown below.

I~1m.un__J,_!s
Genersl | Mayor Fauls Moo Dete/Tme™ 1| Advanced

e e e e

i The Date and Tme daplayed here 8 Cortroller local tme ot workcststion local time
Use these fieids 1o corfigure Time atirbutes of the Cortroller

A re g e S i
—

Set Date. Time and Zone from Wodcstation | ¢
Date and Tme Change Date and Time . ©

Time Zone ..
Adust for Dayiight Saving (+<0000) o

Tune Synchromuze

v PR DANGER ¥ tme synchronzation s

| ) Enable Tise Synchvonuzmon | & Gsatied orine actve axes © any
» synchvonzed device, may experence
‘_" QIR Swe Suster unexpected moton  Safety cortrobers may
J 8 8 synchronized time slave faut € no other tme master exists n the
O Dughcate CST master detected ocal chasss B N
O CST Mastership deabled Advanced
J No CST master

ok J[ cocw || sov |[ new |

Now go to the Pusher axis properties and give it an associated module, the one down in the hardware 10 list
(Kinetic_6000).
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Iwm :

| Modde Knets_6000 g |

a3 ] s o
Node L .

Now go to the Drive/Motor tab and select a motor.

[@ aws Propesties - Pusher Te e
|_Tune Iu—;,.l.n-_l.‘q-lu- | oot | FokActors | Tap
Moton Plarner | Unts | Dmve/Moto” 5 Motor feedback | Aux Feedback | Convenson
WMWAM .1
fnncqu aone > ‘= Cnange C
T Torfgrion — —  posmonSeve =
Drve Resoltion 200000 Drive Courts / | Motor Rew
¥ Deve Enatie input Checking
i bont Fnd MPLNSZUM
Real Tme Axs fomason MPL81510V-Eod -
. MPL 81910/ thad
— e
Atribute 2 [ 1
(e MPL 815200 €02
MPL81520U£ 0d F
MPLB1520U Hix2
 ——
Fltess
Vokage Famdy Feadback Type
) | v s -]
oo ][ ¢

Also select the Real Time Axis Information attributes, in this case we will use Position Error and Velocity
Feedback. In this case we do not want to use Drive Enable Input Checking so uncheck it.



G--r Motion Panner | Unts (| Deve Moo 5 nn- | AuxFeadback | Converson
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(T Owe Enstie rout O _}
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Poston Erur 8 |
i Rt 2 ity eedbac 'JE

[ ok ][ coe |[pgoos |[ heo |

Below is the value of the conversion constant we will use in the Pusher case. Recall that the value of the
conversion factor is determined, to some extent, by the application.

Now we do the same for the Conveyor. Select positioning mode Rotary and enter 36000 for Position Unwind.
This means the axis values will reset after each 360 degree rotation. Use 10000 for conversion constant.



General | Motion Planner | Unts [(Corverson® ) boming | Dynames | Tag |

-

oK |

| Ganeral | Moton Pars | Unts | Convernon | Homng { Drm i Tag |

-——

|{""‘"' Speed 5 Postor res 3 E Manual Adst

| Muamun Accelegon 1000 Postion Urtas"2 |

iwm 1000 Posion Unts/s"2 |

| Maamum Accelension e Il mum“si Tiof Max Accel Tre [ Calcume. |

IMamum Deceleration Jesk 00 Poston Uta/s*3 | < 1% of Max Decel Trme | Cotbee.. |
(o )| camcs | [ 2oy ]| hew

Position unwind is 10,000 feedback
counts/1 position units times 360
degrees for the axis to return to the
“home” position. This equals 3.6M.

Now go to the dynamics tab of the
Conveyor properties dialog. We have to
enter values for the various max and min
setting. Since this is a virtual drive the
values entered do not have to be realistic
(like those shown below).

(O misPropeies{ Commporr < o )|

Now click both Calculate buttons and make an entry on the slider and then click OK.

r —_—
Calcudate Maxumum Acceleration

2o Tme
0x
Maamum Accsleration Jed. 133891

WX




These calculations are based on the max and min values we entered. This will modify the values we had

entered.

L g

Maemum Speed 99
Muemum Acceleraton 1000
Maormm Decmbershon 1000
Masmum Accelerstion Jede: 1010100

Maemum Deceleration Jedc 1010101

Tog

Postion Urts.'s

Postion Units/s "2
Pasion Unts/s "2
Postin Unts/s™3
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.

OK

8 J L

Marnual Adsst

« 100% of Mk Accel Twme | Caloudate,. |
= 100% of Max Decel Time
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Now open the Main Routine so we can create some ladder logic. Go to the Motion State tab to select the

motion function blocks.

¢« H ol k@ M0 MSF S0 WER DO MOF MDS WFR
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We will want to create Home and an On rungs.

HMI_System_On

MS

M,
Mouon Servo On

EQU
Equal
Source A System_State
Je

0 JE
Use_StateControl
S —

Source B CurrentState[0]
Oe

HMI_ServoHome
1F

SystemONS[5]
—{oNns

s

—CEN
Pusher | | = DN ==
Motlon Control PusherMSO HER>—

MO\
MOV

Move
Source CurrentState[1]
1 -

Dest System_State

EQU
Equal

1 1t
Use_StateControl
Lﬁ —

Cor

yorMAHER P 1ER P

Source A System_State
3¢

Source B CurrentState[1]
1¢

Where ...

3e
SystemONSI[0] MAH
[ONS] Motion Axis Home: I EN
O DN Axis Conveyor [ j=C DN e
Motion Control ConveyorMAH HER>—
P >—
I PC
SystemONS[1 ] MAH:
{ONs] Motion Axis Home H_EN
Axis Pusher [..| f=CDN ==
Motion Control PusherMAH HER »—
P )>—
I PC e
ConveyorMAHPC  PusherMAH PC MOV
g B Move

3B

Source CurrentState[2]
2¢

Dest

System_State
3e
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anv Tag rNmr Tag

(CoNC= (Gmle) || || TEmms

Descrpron - Cancel Descrpron

[
Help

Usage Usage

Type Base v Type Base v

Abas For Abas For

(oua e  MOTOWNSTRUCTION ] ) (ua Type WOTION NSTRUCTION | —

| Scope ﬁ Servolns_PoshonCam - ' Scope ﬁ Servotues_PostionCam .

Provie (7 . feend [ Resd/ine -

| Styte | Siyte

Conatart ‘ Conatart
-~ oy - o

rNl'-\v Tag

‘Il.r;..““;;;;;". (Gese |+ | We want to add some NC rungs in front of our homing function

REPR———— — blocks (MAH) so we do not re-home an already homed axis. There

are several tags that can do this, a good one might be
| H Conveyor.HomedStatus (same for pusher). But the simplest way is
to use a one shot. Note that our one shot is declared as SystemONS

Usage with data type BOOL and is a control array of 1 dimension (next

Tye Bow > page).

Abas For

(Dua Type — MOTON W TRCTION ]}
| Scope b Servotues_PostionCam -

foend [ Resd/Wine B
| Style



=), .
B SYREn N Time SystemONS(D]
' SystemON$ Data Type BOOL
' Descrption:

L8 SyslemONSIS]

(_Comotes ]

(_Popem ]

Now we write a rung to test the

.PC bit

(GanTes )

S_OP_DAVE

S_CONSUMED
AS_GENERIC
AS_GENERIC_DRIVE

[ Show Data Types by Geoups

Wotior Servo On = EN )—
Axs Pusher () CON)>—
Motion Control PusheriSO = ER)—
e,
.'sw.-ousm. — A —
——{(ONS }—1—{ Woton Axms Home CEND)
NSl SEae A Conveyer () CDN)—
Motien Control  ConveyorMAM LR o—
sl
(PC)—
[ systemonsin) — AN
—i——{ous L woton Axs Home —(EN)>—
S e e e ey e Axm Pusher () FCON)>~—

CER)—
- P)—
- PC)—

(.ProcessComplete) to make sure both have come on and have completed homing. Then we want to check the
.ServoActionStatus bit to be sure they report active. If all are true we can start the cam.

CWWFC PusherllAx PC  Conveyor ServoActonSiatus  Pusher ServoActonStatus

- N -

-1 -
J N

- § -
J N

J N

Where HMI_CamStart isa BOOL. Now add a one shot and a position cam function block, MAPC.
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Motion move tab

MMI_System_On
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Motion Control ?
Dwecton ?

”
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Create these other parameters. ..

New Tag New Tag ﬁ‘
———————————— - = 1
Name HMI_CamStant Creste |v |"""' SystembaPl | @3
N o e ”
Descrgron - Cancel Descripton a [ w—]
Help Help
Usage: ool - Usage: nosmal
Abas For v | Abas For
i 1 ______________________
iy S [
Data T 800L | DataT MOTION_INSTRUCTION i
- o L el R
Scope b Servolus_PostionCam - Scope b Servotus_PoshonCam -
Extenal Eweny
| Peadwine - ey | Readwine -
Siyke |Decmal v f Sk
Conatart Conatart
Dpen Corbgueston Dpen Corbguesthon
Now we have ...
ConveyorMAH PC  PusherMAHPC  Conveyor ServoActionStatus  Pusher ServoActionStatus HMI_CamStart SystemONS[2] MAPC
2 — —— f——— d JE {ons gms:mmmum -
”“—S'“i °°°E ntrol _— £ay Master Axis Conveyor ..
Source A System_State g::;ﬂm?mm SysteﬂﬂAPCﬂ
EC
Source B cummsma[zg‘ ComProfie  MAPC_Camit] []
1

Slave Scaling

Master Scaling 1

Execution Mode o
Execution Schedule Immediate
Master Lock Position o
Cam Lock Position o
Master Reference Actual

Master Direction Forward Only

ES

CEN-

DN =
HCER)—
1P =

HPCy—

MOV-

Move

At this point we can review the help file for some details...
The function block is filled out below.

Source CurrentState[3]

Dest System_State
3e

34




Calculate Cam Profile (MCCP) instruction. The direction of Slave Axas motion relative to the Master Axis
defined by a flexible Dwrection input parameter. The cammeng Dwrection, as apphed to the slave, may be
exphotly set as the Same or Opposite or set relative to the current camming dwrection as Reverse or

To accurately synchronize the slave axis position to master aas postion, an Execution Schedule setting
and an assooated Master Lock Position can be specfied for the master axas. When the master axis travels
oumﬂmwudnwmnhMmMmuddwmﬂnuwwmuhumuwUnhnun

camming input from the master to be derrved from ether the Actuasl or Command position of the Master
Aas,

To support applications which requere unsdirectional motion, a “skp clutch® feature is avadable, whech
prevents the slave from "backing-up” when the master axis reverses direction. Thes feature is controlled
wmmnvmwwmnmuJuumuﬂm&umMumﬂnmhmdbmhﬂn
based on a standard cam profile without having to create a cam table and caiculate a new cam

§§§
o
;-]__é_

i
A
o
T

E wecnon Mode
Master Lock Postion
Cam Lock Positon

00303099393993099»

Manter Drechon




Operand Type format Description
Slave Axs AX1S_CIP_DRIVE Tag The name of the axis that the cam profide s apphed to. Ellipss launches Axis
AXIS_VIRTUAL Properties dialog.
AXIS_GENERIC
AXIS_SERVO
AX1S_SERVO_DRIVE
Master Axis AX1IS_CIP_DRIVE Tag The axis that the slave axis follows accordng to the cam profile. Ellipss
AXIS_PEEDBACK launches Axis Properties dialog. If Pending s selected as the Execution
Schedule, then Master Axas is ignored.
AXIS_CONSUMED
AXIS_VIRTUAL
AX1S_GENERIC
AXIS_SERVO
AX1IS_SERVO_DRIVE
Motion Control | MOTION_INSTRUCTION | Tag Structure used 2 sccess block status parameters.
Direction UINT32 Immediate | Relatve dircction of the slave axas to the master aos
or Tag

o Same - the slave axis position values are in the same sense as the
master’s

o Oppcste - the slave mas postion values are in the opposte sense of the
mas er’s.

Or relative *» the current or previous cammeng direction:

o Reverse - the current or previous direction of the posithon cam is reversed
on execution. When executed for the first time with Reverse selected, the
control defaults the direction to Opposite.

o Unchanged - this allows other cam parameters to be changed without
altering the current or previous camming derection. When executed for the
first tme with Unchanged selected, the control defaults the direction to
Same,

Cam Profile CAM_PROFILE Array YQWJMMMMWMNMN
master/slave position relationship. Only the zerc array element ([0]) s
allowed for the Cam Profile array. Elpsis launches Cam Profile Editor.

Slave Scaling | REAL lvlv'ndim Scales the total distance covered by the slave axas through the cam profile.

or Tag

Master Scaling | REAL Immediate | Scales the total distance covered by the master axis through the cam

or Tag profie.
Executon Mode uunb Immediate | Determines if the cam profile is executed only one time or repeatediy:

0 = Once - cam motion of slave axis starts only when the master axis
moves into the range defined by the start and end points of the cam profile.
When the master a8 moves beyond the defined range cam motion on the
slave axis stops and the Process Complete bit is set. Slave motion does not
resume # the master axis moves back nto the cam profile range.

1 = Continuous - Once started the cam orofile is executed indefintelv. This




feature is useful in rotary apphcations where it is necessary that the cam
postion run contmucusly = a rotary or reciprocating fashion.

2 = Persistent - When the Master Axis moves beyond the defined range,
cam mobon on the Slave Axis stops and the PosibonCamlLockStatus bit 1s
cleared. Slave motion resumes = the opposite directon when the Master
Axis reverses and moves back into the cam profile range, at which time the
PostionCamiockStatus bit s set.

Executon VINT32 Immediate | Selects the method used to execute the cam profile. Optons are:
EM-NMMQMWNNMN

1 = Pending - lets you blend a new posibon cam execubion after an in {
process postion cam is finished. When Pending is selected the following
mm are ignored: Master Axis, Master Lock Postion, and Master

L

= Forward only - the cam profile starts when the master postion crosses
the Master Lock Position in the forward dwrection.

3 = Reverse only - the cam profile starts when the master position crosses
Master Lock Position in the reverse dwrection,

the
4 = B-directional - the cam profile starts when the master position crosses
the Master Lock Position in ether dwrection,

Master Lock REAL Immediate | When the Master Offset = 0.0, the Master Lock Position is the Master aas

Postion or Tag absolute position where the slave aos locks to the master aos. If the Master

Offset s X, then the Slave axis wil lock to the Master axis at the absolute

master positon value of Master Lock Position =X,
Master Lock

Postion is ignored.
Cam Lock REAL Immediate | Thes determenes the starting location i the cam profile.
Postion or Tag
Master VINT32 Immediate | Sets the master positson reference to ether Command positbon or Actual
Reference postion. If Pending is selected for the Execution Schedule value, then
Master Reference s ignored.
0 = Actual - slave mas motion is generated from the current position of the
master axis a5 measured by s encoder or other feedback device.
1 = Command - slave axas maotion is generated from the deswred or
commanded position of the master axis.
Master VINT32 Immediate | Thes determenes the directon of the master axis that generates slave motion
Direction according to the cam profile.

Optrons are:
0 = Be-durectional - slave axis can track the master axis in either direction.

So now we need to put in a cam profile. The cam profile needs to have depth, we have to make space for the
number of instances we plan to use. In this case we’ll use 100.

Data Types:
CAM_PROFILE[100]




-
New Tag [
Name: MAPC_Cam [ %e Ia SeecDap we =
Data Types:
Description: - ool CAM_PROFILE[100] [ EOKJ
4XI5_GENERIC ) ™
AX15_GENERIC_DRIVE E [amea_)
AX15_SERVO —
AXIS_SERVO_DRIVE
AXI5_VIRTUAL
- BOOL
CAM
|
Usm: <normal> - FAMCUACT WOAITAD Y-
Array Dimensions
Type: [Base V] Connection 0' : . 0 ‘ : [:';'q“ -
Alias For: - [ Show Data Types by Groups
J)
Data Type:  CAM_PROFILE[100] E]
Scope: &l Servaduis_PositionCam v
External [ R :
it ead/\Write v]
Style:
] Constant Selept the initial element in the MAPC_Cam
Profile entry.
|| Open CAM_PROFILE Configuration

MAPC MAPC
Motion Axis Position Cam END -| Motion Axis Position Cam —CEN>—
Slave Axis Pusher [..] Slave Axis Pusher (..
Master Axis Conveyor [...) (DN)>— Master Axis Conveyor [...) F(DN)>—
Motion Control  SystemMAPC Motion Control ~ SystemMAPC
Dirsction 9 O Direction 0 |ER)—
(CamProfie WAPC_Camis] v ) ]<P—
Y. /'~ Show CAM_PROFILE v Slave Scaling
Vi —(PC)—
| Name ,' ::I] Data Type  + Master Scaling 1
= MAPC_Cam,’ CAM_PROFILE| |
'+ MAPC_Cam[0] CAM_PROFILE Executicn Mode 0
ﬂ sﬁ—mmmrn-— CAM_PROFILE Execution SChEd.U}e Immediate
§ o uapc_Camizl CAM_PROFILE Master Lock Position 0
§ - MAPC 'cam[3l CAM_PROFILE "
‘ 5 k P
§ - MAPC_Cami4) CAM_PROFILE CHLLE Seain :
§ -MAPC_Camis) CAM_PROFILE Master Reference Actual
§ - MAPC_Came] CAM_PROFILE Master Direction Forward Only
8l 51 MAPC Cam(7] CAM PROFILE ~ B
[ Conlioller ] :

We could open the cam editor and type the points in manually, but it can also be done through Excel using the
cell drag tool. You can paste into a blank cam table. Start by using the cubic cam. Next create a rung to run
the cam. In this case we will use Motion Axis Move (MAM). We are going to run the master cam which is the
conveyor. Notice MAPC Cam Profile, the array has 100 members but you always reference the first position
(zero) in this position (naming field).



from where it is now

To Use This Move Type And Enter
Move an axis to an absolute position | Absolute 0
Move an axis a specified distance Incremental 1

Move a Rotary axis to an absolute
position in the shortest direction
regardless of its current position

Rotary Shortest Path 2

Move a Rotary axis to an absolute
position in the positive direction
regardless of its current position

Rotary I'ositiv& 3

Move a Rotary axis to an absolute
position in the negative direction
regardless of its current position

Rotary Negative 4

Offset the master value of a
position cam to an absolute position

Absolute Master Offset 5

distance

Offset the master value of a
position cam by an incremental

Incremental Master 6
Offset

rotary moves.

See Choose a Move Type for a Rotary Axis below for more information about

SystemMAPC.IP

The move type help file can be useful.

e Bl s
J L

Motion Axis Move

Axis Conveyor [..)
Motion Control RunConveyor
Move Type 0
Position 50
Speed 2
Speed Units Units per sec
Accel Rate 1000
Accel Units  Units per sec2
Decel Rate 1000
DecelUnits  Units per sec2
Profile S-Curve
Accel Jerk 100
Decel Jerk 100
Jerk Units Units per sec3
Merge Disabled
Merge Speed 0
Lock Position 0
Lock Direction 0
Event Distance 0

Calculated Data 0

A
N

—(END>—
—(DN)>—
—(ER)>—
—(IP>—

—(PCO—




— P veees
Motion Axis Pcm;nr = —  SystemMAPC Faaed
Slave Axis Pusher ‘ SystemMAPC.AC 0
e— R : | SystemAPCACCEL 0
Edit —S-J:EEFn-EprC- ﬁr_o_ﬁér_t;’e_’“l o SystemMAPC CalculatedD atadvailable 0}
Find All "SyctemMAPC" | SystemMAPC.DECEL J 0
G-G-I—)-C-FG‘S-R&K‘EHQGJ‘E—Qr "SystemMAPC J—[CEytevect. O | -1
! Mo itor ' em JAPC" ' '*S?’s}?EMAPCEN ‘ :
L w 3 | SystemMAPCEER 0
""""""""""" TAPT™ |+ SystemMAPC ERF, | 0
b Tctiiaed vt |+ SystemMAPCEX:RR % 0 |
2 |+ SystemMAPCFLAGS | 637534208
) . . SystemMAPC.IP ‘ 1
Whgt to do if you have_ an error or fault_? Right cll_ck onthe T SystemMAPC.PC 1 ol
Motion Control Entry in MAPC and click on Monitor T = SystemMAPC. SEGMENT 1 ;
“SystemMAPC” which V\_/lll take you to the tag values. 1 + SystemMAPCSTATE =
Look up your error code in the help file. 1 "+ SyslemMAPCSTATUS =
SystemMAPC.TracklngMasler ‘ 0 |

This is a test run of our first cam.

Conveyor.ActualPosition [IDOk
[-10
Pusher. ActualPosition [100
[-10




Now we have edited the cam so it more closely
, resembles a pusher.

H

B==
15

T
P 4

~sccrsteavr==f

Now we have modified the cam to take out some of the spikes.

[ &3 Cam Editor - MAPC_Cam L (=), S |
{d 7 v o § $§8§% Qa|
-
7 Slave Position 11 | master ISIa.'e l"yce | 7
17117.0 280 Linear
[ 18]180  [200  |Linear _
L 25 | 19119.0 [14.0 |Linear
20]200 |00 |Linear
[21]210 |00  |Linear
2|20 |00 |Cubic
Ao . [ 23]230 |00  |Cubic
24|240 |00 |Cubic
25|250 |00 [Linear
26]260 |00 |inear
s i 27.0 | 140 ._wnear
28280 |200 |Linear
‘ [20]290  [260  |Linear
[ \ L © [30]300  [280 |Linear
i 310 _ZSC Linear
| 32| 320 200 |Linear
[33]330  [140  |Linear
-5 [34]340 [00  |Linear
[ 35]350  [0.0 |Linear
36]36.0 [0:0 [Cinear
a7 l127n an Linasr .
—T:HJ L:-i + L:s: + + + $ .
10 20 30 40 50 60 70
~ | Start Slope | 0.0
‘ i ) End Slope | 0.0 |
i ‘ Master Position Velocity: Acceleration Jek [ 0K [ Cancel
8 745 |7.83333 0.0 j0.0 0.0 =
‘ Ay P [ HB|p
k‘ ——

The video shows a version of the code where the master axis is reset once it hits 40 so the process repeats.



HMI_System_On NS

JE Motion Servo On lcen

Axis Pusher | .| [B(DN)==

Use_StateControl ——fQ———— SystemONS[S] Iotion Control PusherMSO [FCER>—
[ Equal f———ons

Source A System_State
34

Source B CurrentState{0] Move
0 & Source CurrentState[1]
1 €
Dest  System State
3

HMI_ServoHome SystemONS[0] ')

JF {ons} Motion Axis Home HCEN

1€ —
Use_StateControl £Qi [ ER  PusherMAHER  PusherMSO.DN Fods Conveyor [...| [=(DN ==
Motion Control ConveyorMAH HCER—
= Equal — — ] f——] Py—

Source A System_State
3 € = PC e
Source B CurrentState[1]
1

« SystemONS{1] HAH
ONS }———{ Motion Axis Hol IHCEN

Axis Pusher || [(DN ==
Motion Control PusherMAH  [-CER}—
HCP—
B PC =

ConveyorMAH PC  PusherMAH PC MO\
= Move "

Source CurrentState[2]
2€

Dest System_State
3

ConveyorMAH PC  PusherMAH PC  Conveyor ServoActi Pusher Serv it HMI_CamStart SystemONS[2] HMAPC.
= J - JE {ons} Motien Axis Position Cam

E 9 J -
Slave Axis Pusher
U“*Smi eCoE ntrol = Eay, Master Axis Conveyor |...| j=(DN ==

Motien Control ~ SystemMAPC
Source A System_stalg J oy 0 |cery—

ScEly c““"‘s““‘mz o CamProfle  MAPC_Cami0] [..] |sCIPom=
Slave Scaling 1
HPCY—

Master Scaling 1
Execution Mode [}
Execution Schedule Immediate
Master Lock Position 0
Cam Lock Position 0

Master Reference Actual
Master Direction Forward Only

%

MO
Move

Source CurrentState[3]

3
Dest System_State
3
SystemMAPC.IP  HMIStart_Conveyoriove
E Motion Axis Move [CEN
) Axis Conveyor [__]
Use_StateControl _— £QU Motion Control RunConveyor = DN D
 — Snua A s - Move Type 0
ource ystem_! ;(- ER>—
Positi 4
Source B CurrenStuleB:l‘- o ’ P
Speed 2
F(PCO—

Speed Units  Units per sec
Accel Rate 1000

AccelUnits  Units per sec2
Decel Rate 1000

DecelUnits  Units per sec2

Profile S-Curve
Accel Jerk 100
Decel Jerk 100
Jerk Units Units per sec3
Merge Disabled
Merge Speed 0
Lock Position 0
Lock Direction 0
Event Distance 0
Calculated Data 0
E
RunConveyor PC MOV-
JF Move —

Source CurrentState[1]
1

Dest  System_State
3¢

Pusher ServoActionStatus MO\

FE Move —
Source CurrentState[0]
0%

Dest System_State
3¢




32. MAPC Common Issue With Master Reference

In this lecture we will be discussing position cams. There is
a known problem with position cams. This problem does
occur in systems where the master cam is virtual. Say you
are running a master cam and there is a physical motor
connected. Using a Master Reference = Actual gives the
system a more refined movement as opposed to Virtual.

Say you are in a situation where the motor is trying to hold
itself in position and the cam profile senses that movement.
So the IP bit of the Motion Axis Position Cam will trigger
from IP (In Progress) to PC (Process Complete). It does this
because it senses the movement.

If you have that problem it is a simple matter to change from
Master Reference = Actual to Command and you will not
have the problem. My guess is he means that in command
mode the system waits for a command as opposed to
monitoring physical movement and acting on that.

Also, any movement in the negative direction will cause the

MAPC to transition from In Progress to Process Complete.
This is a bug that RW knows about.

33. MAPC PC Bit explained

MAPC

Motion Axis Position Cam —(END>—+
Slave Axis Axis01 [...)
Master Axis Conveyor [...] DN s
Motion Control Pcam
Direction 1 —{ER >
Cam Profile Cam_Profiie[0] [..) B(IP)es
Slave Scaling 1

—(PCO—
Master Scaling 1
Execution Mode Once
Execution Schedule Immediate
Master Lock Position 0
Cam Lock Position 0

Master Reference

Master Direction Forward Only

A
A

Here we are going to look further into the MAPC transition from IP to PC. “... as soon as the master axis goes
out of the cam we see the transition from IP to PC.” What he means is if we try to access a table point outside

of our points. If we have a table with 10 rows and the program tries to access point 11, outside the table, it will
transition in this way, from IP to PC. (which it should it would seem?)

34. MAPC Adding Common Health Checks

We have a servo and we want to turn it on, but we do not want to turn it on if it is already running. And we also
want to make sure it is healthy before we start it. We can use the GSV function block with Class Name:

Module, Instance Name: Kinetic_6000, Attribute Name: FaultCode, and Destination Tag:
ServoController_FaultCode. Check the destination tag and if it is not equal to zero we know we have a fault.



G5V

ME

Get System Value

Class Name Module

Instance Name Kinato:_5000

Attribute Name FaultCode

Dest ServoController_FauliCode
0%

HE

ServoControler_Fauled

Mot Equal {5
Source A ServoController_FautCode
0 #
Source B 0
G5V
Get System Value
Class Name Module
Instance Name Sercos
Aftribute Name FauttCode
Dest Sercos_FaultCode
G4TTE &
NEQ: Sercos_Faulted
Mot Equal —
Source A Sercos_FaulCode
B4TTE #
Source B 0




G5V

Get System Value
Class Name Module
Instance Name  Sercos
Attribute Name FaultCode
Dest Sercos_FaultCode
0
-------- £ fSercos_Fauted } }
----- Not Equal Ly {3 y.
_,-"';‘ Source A Sercos_FaultCode | ——~—~—~~—=~~
" ! 0 *
- ’
e i Source B 0
- 4
"“ f’
e <
-’ s
-" IJ
--------- e
HML_AxisOn  Axis01. ServuAl:ﬂlunShitus Serquuntmlhﬂ Faulted | Sercos_f Faulled 1 ONS[o] /' O
H . - .
H E J L | _{—q;’_—’.—[DNSJ — Mopon Servo On HENY>—
____________ L Axie Axis01 () (DN =
’/ Motion Control ~ MSO CERD—
#
-
P
r
__________ LA
A)nsMAxBHDmed.Smtus Servof:untmller Faulted I'Ser:z:s Faulted 1 ONS[1] MAH-
k— +Tons} Motion Axis Home LcEn
J L ;L il -
23 I‘————:—‘- ————— ! Axis Conveyor [._] CDN ==
Motion Control Conveyor_MAH HCERD—
HP>—
=0 PC =
Motion Axis Home EN
Axis Axis01 [2) DN ==
Motion Control Axis01_MAH ER)}—
Py—
PC =

So we can now check for the conditions and take proper action. [IF NOT FAULTED PROCEED]
35. Use scaling in an MAPC instruction

The MAPC has master and slave scaling features. We want to look at how these values effect the servos
motion.

End Slope 0
Cam Profile Axis01AdvControl.RunCam{0] ()
------------------\
Name: Slave_ScalingFactor
LR R R N N N _§ R _ &N _ N _§_ N _§R_§B N _§ _§ J \
Description: ) L *CP{0JLEN AP
~ & — Motion Axis Position Cam —CEND-
~ Slave Axis Axis01 ()
N ~ Master Axis VirtualMaster () js( DN s
\\ Motion Control Axis01AdvControl MAPCIO]
= ~ & Direction 1 —{ ER)—
~
Type: Base v Connection \‘b Wﬂ“& w%ﬂwmww Q —(P)—
o3t Slave Scaling Slave_ScalingFactor 1
1.0€ g HPCY—
Alias For. v Master Scafing Master_ScalingFactor :
Data Tyee:  Eami 1 %xecmon Mode Confnuous
s i e e e e Execution Schedule immediate
Scope: Servo_Motion_Mastery Master Lock Position 0
E::cema' [ = '] Cam Lock Position 0
ess:
] Master Reference 0
Style [Fba v] Master Direction Forward Only
[] Constant R
1. IAB
Motion Axis Stop ENDas—
(o) o) [ o s 20 (0 oo
Motion Control Axis01Control. MAS[2] ER)>—

As we might expect, changing the scale factor has a corresponding effect on the amplitude of the movement.



The way this works:
e making adjustments to the cycle time is done by changing the master scaling factor.
e Making adjustments to the amplitude is done by scaling the slave.

36. MAPC Cam Lock Position Function Talk - Not program and Show
Not much, kind of just babbling.
37. MAPC Master Lock Position Function - Not program and Show

Two points that are often times missed include Master Lock Position and Cam Lock Position. If the master
axis is greater than the master lock position then it is not going to ‘pick-up’ until the next time the master axis is
actually below that mark.

From Shane: Say the master axis is stopped at position 6 mm and the Master Lock Position is
set at 5 mm and the cam is started at 5.5 mm. Then the cam profile (also known as the
slave) would not (start?) until the master axis was below the master lock position.

Another example:

= T - m N
Untitled - Notepad o | B ]

“File Edit Format View Help

'Master Axis is stopped position 6mm
'Starts after 6mm moving forward.

The instruction or cam profile will not Tock until

the master axis reaches a position of 5mm as stated by the

‘master lock position.

'‘Master Lock Position Smm

'Cam started at 5.5mm

Then the cam profile or 1in other words the slave servo would not until
'the master axis was below the master lock position.

'Axis position .0032 and slightly moving not at perfect zero .00000




[ | Y
| Untitled - Notepad — @Q@

File Edit Format View Help

If the MAPC instruction is in an .IP state then no worries but
if the MAPC instruction is not in a .IP state then the slave will run
until the master reaches the master lock position.

-Master Axis is stopped position 6mm
Starts after 6mm moving forward.

The instruction or cam profile will not lock until
the master axis reaches a position of 5mm as stated by the |
master lock position.

-Master Lock Position 5mm

-Cam started at 5.5mm (Start running the slave servo)

Then the cam profile or in other words the slave servo would not until
the master axis was below the master Tlock position.

Axis position .0032 and slightly moving not at perfect zero .00000

38. Difference In A MAPC and a MATC

Here we will discuss the differences between a time cam and a position cam.

First the position cam. We’ve spoken of how the IP and PC bits work, they are position based on the master,
master and slave coincide based on position. It boils down to understanding the master reference, whether it is
set for actual or command. Meaning, is it the actual value of the encoder coming back or is it the
commanded value that the master is being told to do? Using the position of the master to control the slave,
operating based on another servo (the master). (seems like actual would be the way to go)

Now the time cam. In this case it is the time which it takes to do something. If you look at the distance the
servo has to travel and the amount of time it has to travel that distance, these two constraints are used to
determine the acceleration and decelleration as well as the velocity of the servo. You are doing something in a
set time frame.

If you are the only controller controlling the servos (master) then you need to enable time sychronization.

If your controller is a slave to another controller you do not need to enable time sychronization, you need
your controller to be time sychronous with the other controller.



39. Starting from Scratch

Here we begin a series of lectures on MAPC caming and how to
blend cams together. We will work with a physical axis
(Axis01) and a virtual axis. The name of this program is

Servo Blending Example.acd.
[Servo_Blending_Example [1756-L73 30.11)" |

To begin we will add a routine which will represent the virtual
axis.

New Routine
Name: VitualAxs m
Dt
Te: LadierDagram .
2 m 11 MainProgram v

Assignment: | <none>
[~ Open Routine

[ Ungrouped Axes

-3 Motion Groups
- =-£8 MotionGroup
.. 3 Virtual_Axis

=-E3 1/0 Configuration

(=3 1756 Backplane, 1756-A7
i El [0]1756-L73 Servo_Blending_Example
= § [1)1756-M16SE Sercos

=5 SERCOS Network
£, 10 2094-BC01-M01 Servo_Contr
= § [211756-ENBT/A Ethenet
.25 Ethernet

. § [311756-1B16 DC_Inputs
. ) [411756-0V16E/A DC_FusedOuptputs
. § [5]11756-1F8 Analog_Input
. § 16]1756-08B161 DC_Input_Card?2

Notice below that we want to add a contact from the virtual axis so we use the drop down to access the virtual
axis, do not confuse with the code module Virtual Axis. Also, when you create a virtual axis a lot of tags are

generated.
et e = s s g« e S
| & A
[# Controller Tags b | Vitual Axis + |
(23 Controller Fault Handler 0 ‘I T g = -
-3 Power-Up Handler _ L 2 7 v Show: All Tags v
.5 Tasks We are coding in the VirtualAxis
o e e dule. N Name |z2 [Data »
- 1248 MainTask_47ms i mocue /(End) S I Virtual Axis i lAXlS [
1 P E‘M P y ﬂ = L These are motion group |
]| wegaaEOpan | gL § | VitualAxis AcceiStaws  virtual axis tags. BOO—
: - Par'ameter.s anH Local Tags S ! g Virtual_Axis,. ActualAcceleration REAI
I - MainRoutine | ’ 3 Virtual_Axis Actud gpsiticn REAI
I Virtualxis 1 2 : ; — A :
| i Bl —— 1. | p ﬂ Virtual_Axis.A~tualM fyame: Virtual_Axis.ActualAcceleration
i T-TUnscheduled ,l  Data Type: REAL
=3 Motion Groups ’ [V] Show controller tags Description:
1 4@ MotionGroup 1 ¢
: i Al [¥] Show MainProgram tags
1 {735 Virtual_Axis 31
[ 'é‘gﬂiﬁlﬁﬁr' Show parameters from other program:

This rung will never execute due to the AFI statement. The purpose of the rung is to display the virtual axis
average velocity and actual position so the programmer can see it. The .ServoActionStatus tag will only be true
when the virtual axis is running. Note, it is usually better to monitor average velocity.

MOV

Virtual_Axis.ServoActionStatus MOV-

—{ AFl ] ——————————— Move

Source Virtual_Axis.ActualPosition

Move
LI irtual_Axis AverageVelocity

"
{noP

Dest

77.0 §
Virtual_Axis. ActualPosition
77.0€

Dest

24193548 €
Virtual_Axis. AverageVelocity

24.193548 €




Next we configure a rung for jogging.

Virtual_Axis.ServoActionStatus

—

Now a command to stop the axis when we are not jogging.

VirtualAxis_Jog

/ f——

VirtualAxis_Jog MAJ
] F Motion Axis Jog —(END>——
Axis Virtual_Axis (.
Motion Control Virtualaxis_MAJ —(DN)>—
Direction 0
—(ERD>—
—(P>—
Speed Units Units per sec
Accel Rate 2500
Accel Units Units per sec2
Decel Rate 2500
Decel Units Units per sec2
Profile Trapezoidal
Accel Jerk 100
Decel Jerk 100
Jerk Units Units per sec3
Merge Disabled
Merge Speed Programmed
Lock Position 0
Lock Direction 0
MAS
Motion Axis Stop —{EN»>——
Axis Virtual_Axis (..
Motion Control VirtualAxis_MAS —{DN>—
Stop Type All
Change Decel No —{ER>—
Decel Rate 100
(P>—
Decel Units Units per sec2
Change Decel Jerk No —(PCH>—
Decel Jerk 100
Jerk Units Units per sec3
N




40. Setting up the Physical Axis

Now we are ready to start the programming for AxisO1. First we add a new

code module Axis01_MAPC_Controls.

- @MainTask 47ms
ainProgram
=58 MainProg
fo arameters and Local Tags
ol d Local Tag
.. MainRoutine

— ServoState

feurl

I

+ ServoState[0]

13

- ServoState(1]
sioervoState[2)

fare B Ao

+ ServoState[3]

- ServoState[4]

+ ServoState[5]

jwl Erml fen)

- ServoState[6]

D‘J

- ServoState[7]

f.‘i\

+ ServoState{8]

fmul

+ ServoState[9]

Wl | dlinn| =W N |F|O

Rough out of the program so far: make sure axis is off, clear any faults, perform a shutdown reset, turn servo

on.
SFFS MOV-
0 ﬂ { Move —
Source 0
Dest CurrentState
0€
EQU Servo_Axis01_SystemStart Axis01.ServoActionStatus MSF.
1 Equal J E S [ Motion Servo Off HCEN)
Source A CurrentState Axis Axis01 () H(DN>—
0 € Motion Control Axis01_MSF H{ER}—
Source B ServoState[0]
04 Axis01 ServoActionStatus MOV
JE Move
Source ServoState[1]
1€
Dest CurrentState
0e
EQU —NEQ MAFR
2 Equal Not Equal Motion Axis Fault Reset HCEND
Source A CurrentState Source A Axis01.AxisFault Axis Axis01 () HDND>—
0¢ 16#0000_0000 Motion Control Axis01_MAFR HCER)—
Source B ServoState[1] Source B 0
1€
Axis01.ShutdownStatus MASR:
J E Motion Axis Shutdown Reset HCEND>—
Axis Axis01 () HCDN)>—
Motion Control Axis01_MASR HER)>—
Axis01.ShutdownStatus £QU ———MOV-
e Equal Move
Source A Axis01 AxisFault Source ServoState[2]
16#0000_0000 & 2¢
Source B 0 Dest CurrentState
0 €
EQU Axis01_OnPB Axis01.ServoActionStatus MSO
3 Equal — : J/E Motion Servo On HCEND
Source A CurrentState Axis Axis01 () H(DND>—
0e Motion Control Axis01_MSO HCERD>—
Source B ServoState[2]
2¢ Axis01.ServoActionStatus MOV-
Move
Source ServoState[3]
3¢
Dest CurrentState
0€
(End)




41. Adding elements for the state controls

Now we are going to add some controls to the state machine. To start we want to monitor our motion group.
We will add a tag to the code that describes the motion group. This particular tag lets us check that the
group is synchronized. This lets us know that the group is ready to operate and running the functions that
follow will not cause a fault.

3 Parameters and Local Tags ‘ {-’: -G- e
B MainRoutine ; Q | n EQU Sewﬁ_&xﬁp@w MotionGroup 1
2 ) | — Equal -—“H —
g Axis01_MAPC_Controls i SOUrCe frmm e ST | lI Y. v Show: Al Tags -
VirtualAxis T L 2«
(51 Unscheduled P o = Source B ServoState[0] [ name = =2|[ata ~
Py ———— | 04 ~ {8y, - lotonGrowp ibSiatus _ 500
‘A = Q.nq._ﬁmqn.s— v-- ! MotionGroup. SroupSynced | BOO _
=-{=@ MotionGroup 1 i —— ——
= = el T i MotionGroup..Axisin Sta'ys ) 890 =
9 Virtual_Axis : ﬂ MotionGroup Gru.‘f‘f E).'atrnfr: P.‘!c‘récggioup.GrcupS;.nce:l
(X1 Ungrouped Axes i ﬂ MotionGroup.Groupd Da a Type : L
- . = = escription:
l; Add-On Instructions i 7] Show controller tags
-3 Data Types !
l:a User-Defined EQU Servo_Axis01_SystemStart [V] Show MainProgram tags
(3 Strings 2 — Equal J E -
(3 Add-On-Defined Source A CurrentSlut; o Show parameters from other program:
Ly Predefined Source 8 ServoState[0] | <none> -
-4 Module-Defined 04

This next tag lets us check that the instruction actually did happen. To do this we check the Done bit.

______ -
) ‘ £QU Servo_Axis01_SystemStart MotionGroup.GroupSynced Axis01.ServoAc { HISF
1 &9 | — Eoual J E ) i J E § Motion Servo Off ) D HEN > ———r
i Source A CurrentState T e e A | (DN ==
i 26 oo == = == == of lotion Control AxisO1_MSF ) |CER>—
i Source B ServoState{0] odeoied _,L’_ — g —1 1 L
i 0 v Axis01_MSFON + qlservoAc MOV-
: = o o e T Ik 2.
: Y. N ~ Show: Al Tags -
: IName\‘ ::]lDala -
i AXgO1_MSFFLAGS DINT
i Sl -,
¥ SE BOO
! | Axiso1_wsgon) T BOO
EQU Servo_Axis01_SystemStart § Sovesorws 4 BOO
2 §— Equal ] E a Axis01_MSF.PC BOO .
L Source A CurrentState =
{ 24 [¥] Show controller tags L
n Source B ServoState[0]
: b (V] Show MainProgram tags
3 -
i Show from other progr
: <none> v
" | S — |
r

Now we would like a more robost method of reseting our state machine to zero, we do not want to depend only
on the first scan rung so we are going to augment that rung. We will add a CLR (clear) function block. So now
there are two possible ways of resetting the state machine, the first is the first scan function, the second is if a
shutdown happens or if a fault happens. Under these conditions we would want to stop control and stop motion.
So our first rung now looks like this.



5F5 CLR
0 ] F Clear —
Dest CurrentState
Axis01.ShutdownStatus | 24
MEQ:
Mot Equal

Source A Axis01 AxisFault
16#0000_0000 +
Source B 0

Next, in the below group, we want to make sure that we are only resetting one at a time. The group currently
looks like this...

—i EQU IEQ. MAFR
— Egual Not Egual Motion Axis Fault Reset HCEND
Source A CurrentState Source A Axis01.AxisFault Axis Axis01 [ H(DND—
2 ¢ 16#0000_0000 & Motion Control Axis01_MAFR F(ER)—
Source B ServoState[1] Source B 0
14
Axis01.ShutdownStatus MASR:
J E Motion Axis Shutdown Reset HCEND>—]
Axis Axis01 () H(DN>—
Motion Control Axis01_MASR H(ER)>—
Axis01.Shutdow £QU MOV-
| — — Equal Move —
Source A Axis01 AxisFault Source ServoState[2]
1620000_0000 & 2«
Source B 0 Dest CurrentState
2¢

Now we are going to say, if it is faulted we will reset the fault only and if it is shut down, we will only activate
the Motion Axis Shutdown function. Notice that if it is a shutdown we only want to activate the Motion Axis
Shutdown Reset if we are not faulted. So we add the EQU statement to check for a zero in the fault register. It
would actually be rare that a fault and shutdown happen at the same time. Our code block now looks like this...

EQU NEQ MAFR
2 }—— Equal —_— Not Equal Motion Axis Fault Reset HCEND)
Source A CurrentState Source A Axis01.AxisFault Axis Axis01 (o] HON>—
2€ 16#0000_0000 & Motion Control Axis01_MAFR H(ER)—
Source B ServoState[1] Source B 0
14
Axis01.ShutdownStatus £QU MASR
3 E Egual Motion Axis Shutdown Reset HCEN>—
Source A Axis01.AxisFault Axis Axis01 [.) HDN)>—
16#0000_0000 & Motion Control Axis01_MASR HER>—
Source B 0
Axis01,ShutdownStatus £QU MOV-
/_— Equal Move —_—
Source A Axis01.AxisFault Source ServoState[2]
16#0000_0000 & 2¢
Source B 0 Dest CurrentState
2¢

We are also going to add a tag on rung 3 which ensures that the motion group is synced before we turn on the
servo and advance to the next group.



A

EQU

Equal

—

Source & CurrentState

Axig01_0nPB |MotionGroup.GroupSynced

2 #

Source B ServoState[2]

24

pressed.

EQU
Equal

Equal

Source A CurrentState

Source B ServoState[0]
0

Servo_Axis01_SystemStart

1E
Sk
2¢

«

Axis01_OnPB
/

£QU-

Equal

Source A CurrentState

Source B ServoState([3]
3¢

24

Source A CurrentState

MotionGroup.GroupSynced
—

[FA—

%ﬁ—

Axis01.ServoActionStatus WSO

Motion Serve On
Axis

Axis01.ServoActionStatus
b
J L

Axis01 ()
Motion Control Axis01_MSO

HCEN
FCDND>—
CER)—

Axis01.Ser

L

MOV~

Move

Dest

Source ServoState[3]

CurrentState

24

3¢

We have also added a ladder to rung 1 which forces the ServoState[3] to 2 when the AxisO1_OnPB is not being

JSE.

Axis01_MSF.DN  Axis01.ServoA
| —

Motion Serve Off
Axis

HEN
JeC DI mm
e -

Axis01 ()
Motion Control Axis01_MSF

MOV-
 f—

Move

Source ServoState[1]

1¢
Dest CurrentState
24
Servo_Axis01_ MotionGroup GroupSynced Axis01 ASF-
JE Motion Servo Off EN
Axis Axis01 () (DN
3¢ Motion Control Axis01_WSF ERY—
Source B ServoState[0]
abi AxisO1_MSFON  Axis01. "
P e e s e - F———— Move
Axis01_0nP8 | axiso1 1 Source ServoState[1]
| st rotadit |
ol Equal 1
L Ry R Source A CurrentState Dest  CurrentState
"\ 3¢
1 MNsgqurce B Servostate[3]
1 o 3¢
1 )
\ 2N
\ S
T NG Axis01
2 |— Equal =~ Not Equal Hotion Axis Fault Reset EN
Source A Currem_!ete ~ Source A Axis01 AxisFaul Axis Axis01 () [KON>—
3¢ SS 16#0000_0000 ¢ Motion Control AxisO1_MAFR ERY—
Source 8 ServoStatey] *~\ Source 8
g N
1 NS
A 23 Axis01.ShutdownStatus
\ ~o JE Motion Axis Shutdown Reset EN,
Y ~ Axis Axis01 () ONY—
\ “\\ Wotion Control Axis01_MASR ER>—
\ ~,
~,
“ > Axis01 £ A
\ S Equal Move
S Source A Axis01 AxisFault Source ServoState(2]
1 NG 16#0000_0000 ¢ 24
\\ T Source B 0 Dest  CurrentState
~
\ ne
U S
- S
i 1 otionGroup.GroupSynced S Axis01
— Equal 7] a2 JE Wotion Servo On EN
Source A CurrentState N Axis Axis01 ()
« S Motion Control Axis01_MSO
Source B ServoState[2] =3
2 it \l
1
N o

7

MOV-
Move

Dest

Source ServoState{3]
3

CurrentState




SFS

CLR———
Clear —1

o E
Axis01 ShutdownStatus

JE
ERY
———HEQ:
Not Equal —

Source A Axis01 AxisFault
1620000_0000 &
0

Source B

Servo_Axis01_SystemStart MotionGroup.GroupSynced
e

Dest CurrentState
34

an
m

1 Equal 1 F

Source A CurrentState
3¢

Source 8 ServoState[0]
oe

Axis01_OnPB  AxisO1

i £
———— Equal

Source A CurrentState
kL |

Source B ServoState[3]
3¢

i 1SF-
Motion Servo Off HEN
Axis Axis01 (] D=
Motion Control Axis01_MSF  [(ER}—
Axis01_MSFDN  Axis01. MoN
] i — ]

ove
Source ServoStatel1)
14

Dest  CurrentState
3¢

(End)

e NE MAFR
2 |— Eaual Not Equal [——— Motion Axis Fault Reset FCEN
Source A CurrentState: Source A AxisiH AxisFaul Axis Axis01 () KDN—
34 16#0000_0000 & Motion Control AxisO1_MAFR  [ER>—
Source B ServoState[1] Source B [
14
Axis01 ShutdownStatus
IF Wotion Axis Shutdown Reset CEN
Axis Axis01 (] HDN—
Motion Control Axis01_MASR HER}—
Axis01 fou
Equal Wove
Source A AxisD1 AxisFaul Source ServoStatef2]
16#£0000_0000 24
Source B 0 Dest  CurrentState
2¢
[Axis01_0nPB | MotionGroup. GroupSynced Axis01. i
3 |— Equal —{  } Notion Serve On CEn
Source A CurrentState: Axis Axis01 () DD
3¢ Wotion Control Axist_MSO  ({ER)—
Source B ServoState[2]
21 Axis01 ServoActionStatus. MOV-
J E Move
Source ServoState[3]
3¢
Dest  CurrentState
3¢
42. Adding our first MAPC : —
Name: Stat_MAPC_ControlsPB| [—ueate |

We add a new state at the bottom and add a new tag.

We begin with MAPC, the slave axis is Axis01, the master
axis is Virtual_Axis, we will call it MAPCMotion_Control
and give it a dimension of 3 as we will need several.

Data Types:

MOTION_INSTRUCTION[3] % ]

MANUAL_VALVE_CONTROL - Canre,
MAXIMUM_CAPTURE
MESSAGE -m
MINIMUM_CAPTURE

MODULE U
MOTION_GROUP

MOTION_INSTRUCTION =

MNAVINT A/COACC

Amray Dimensions
Dmat P ol
[0 B o B 3

>

[] Show Data Types by Groups

Usage: <controller> v

Type: i Base - l j_COﬁﬁgdcon_ :

Alias For: - \
Data Type:  BOOL (=)
Parameter <l
Connection:

Scope 84 Servo_Blending_Example >
BExemal -
Bdemal  [Read/Wite J




Name: MAPCMotion_Control ( cﬂﬁ =
Usage: | <controller> =
Type: [Base v ] Connection
Alias For: ' . "
Data Type:  MOTION_INSTRUCTION(3] -
Parameter -
Connection:

Scope: Eﬂ Servo_Blending_BExample -
el |Read/Mine <]
Style: ‘ =
[7] Constant

MAPC.

Motion Axis Position Cam END>—
Slave Axis Axis01 ()
Master Axis Virtual Axis_@ DND—

Motion Control (M-AECTJo-tio-n_-Ec‘)-ntEw] }

Diosadban oo om oo om o= -—— - ED™

Y. v Show: A Tags -
/]
IName 1 :=|lData -
§ =+ Axis01_MSF F4 MOT
pAoteso ¢ woT
{q.MA tion_Control ~| MOT| |
o > MOT

A

H Name: MAPTMotion_Control MOT

8 8 Data Type: MOTION_INSTRUCTION(3]

Show | Description:

Show MainProgram tags

Show parameters from other program:
s =

Below the help file for Direction is listed. We will use Same. Next we will have to create a cam profile, we
will declare the tag MAPC_CamProfileONE. The remaining entries are shown in the graphic below.

(Direction

1
eyt

UINT32 UINT32

Relative direction of the slave axis to
the master axis:

o (Same ¥ the slave axis position
values are in the same sense
as the master’s.

» fOpposite }- the siave axis
position values are in the
opposite sense of the
master’s.

Or relative to the current or
previous camming direction:

= = my

o(Reverse}- the current or
previous direction of the
position cam is reversed on
execution. When executed for
the first time with Reverse
selected, the control defaults
the direction to Opposite.

» fUnchanged)- this allows other
cam parameters to be
changed without altering the
current or previous camming
direction. When executed for
the first time with Unchanged
selected, the control defaults
the direction to Same.

Immediate
or Tag




Name: MAPC_CamProfileONE] e |v
Usage: | <controller> v |
Alias For: ‘ v
Data Type:  CAM_PROFILE[30] [Z]
Parameter =
Connection: |

Scope: 89 Servo_Blending_Example v
Exemal 4
Btemal  [Read/Wite ]
Style: -
[ Constant

MAPC

Next we will build up the cam profile. Below is our

first draft. Note the velocity (red line) is kind of
extreme.

[ " Slave Position 1 n [
f

Motion Axis Position Cam —{EN)>—
Slave Axis Axis01 [..)
Master Axis Virtual_Axis [...) FH(DN)>—
Motion Control MAPCMotion_Control[0]
Direction 0 —{ER)>—
Cam Profile MAPC_CamProfileONE () H{IP>—
Slave Scaling 1
—(PCO>—
Master Scaling 1
Execution Mode Once
Execution Schedule Immediate
Master Lock Position 0
Cam Lock Position 0
Master Reference Command
Master Direction Forward Only
P
» | [] |Master |Slave |Type
0 |0.0 0.0 Cubic
1 |10.0 1.0 Cubic
2 |20.0 15.0 Cubic
| 3 ]29.333... |34.666... |Cubic
4 |38.666... |59.666... |Cubic
5 |47.333... [80.333... |Cubic
6 ]62.333... |181.0 Cubic
7 |74.0 47.666... |Cubic
_;J 87.0 58.333 Cubic
9 |92.0 80.0 Cubic
10 |110.66... |95.333... |Cubic
1 Ma_ster
120 140
< [_ » m | »




We have also added a ladder to get us to the next state. The rung we are adding executes the MACP block but
then immediately goes to state 4. To run, remove Axis01.ServoActionStatus at rung 1 and toggle

&,

Servo_Axis01 SystemStart also on rung 1. Click to compile.
EQU Start_MAPC_ControlsPB MAPC:
< Equal ] E Motion Axis Position Cam HEND
Source A CurrentState Slave Axis Axis01 [...)
0 & Master Axis Virtual_Axis [...] H(DN>—
Source B ServoState[3] Motion Control MAPCMotion_Control[0]
3 Direction 0 —(ER)>—
Cam Profile MAPC_CamProfileONE [L..]) (IPD>—
Slave Scaling 1
—(PCO—

MOV-
. Move

Source ServoState[4]
4 €
Dest CurrentState
0«

Now go up to rung 1 and toggle Servo_Axis01_ SystemStart to run the cam.

We will want to monitor some tags like average velocity, we want average virtual velocity greater than 0 (use
“1” in GRT block) before we execute the Motion Axis Position Cam (MAPC) instruction. This code
modification is shown on the next page. Again, this greater than instruction is ensuring the virtual axis is on
and moving before we execute the MAPC instruction.

In this case the virtual axis is the master which Axis01 will follow according to the entries in the slave column.

EQU Servo_Axis01_SystemStart MotionGroup.GroupSynced
1 Equal —— [—
Source A CurrentState

0&
Source B ServoState[0]
0 &
Axis01_OnPB EQU

—— [——— Equal

Source A CurrentState
Note that we need to verify that the virtual axis is actually on. To do this we can monitor the velocity of the

virtual axis. We can view the virtual axis code in the Virtual Axis module.

[MainR_outine lVirtualeis leism_MAPC_Controls’ J’T

b e B -

Before we turn on the MAPC we want to check that the Virtual_Axis.AverageVelocity is greater than zero.

1 EQU Start_MAPC_ControlsPB GRT-
4 | —— Equal ] F Greater Than (A=B)
' Source A CurrentState SO/ irtual_Axis AverageVelocity
3€ 0.0 &

3 &

|
I
I
i Source B ServoState[3] Source B 1
i
I
|



Note that in this case the master axis is virtual. Now run the virtual axis from the Virtual Axis_Jog contact in
the Virtual Axis code module. So when we ran the virtual axis is triggered a fault, we will modify the curve to
soften the movement.

@ ™

7| Cam Editor - MAPC_CamProfileONE* o[8[
4 /v o s §S§S QAR
LB B B |
P Slave F‘osilionJ \ A 11 |Master_|siave Type A
! 7 0 |0.0 0.0 Cubic
l F 1100 [10 Cubic
- 80 4 2 |20.0 15.0 Cubic |
// \ 3 |29.333... [34.666... [Cubic |
F == | 4 |38666.. [59.666.. [Cubic |
/ ) 5 |50.666... |63.333. [Cubic |
- 50, \ |
7 |740  |47.666.. |Cubic |
/ \ 8 |87.0 68.333... |Cubic \
o o 9 |92.0 80.0 Cubic |=
S0 e 10 [110.66... [95.333.. |Linear |
‘. =
! : \
_ /20 . a
' — ' — ' i
20 \ 40 ’:‘ 60 80 100 120 140
Iy -
L 20 <« | " »
~ |Start Siope  [0.0
< m | » End Siope 0.0
Master: Position: Velocity: Acceleration: Jerk: [ OK ] Cancel
fiz0 fito joo oo oo
[ Aoy | [ Hep |
Axis01_MAPC_Controls* l

We try running again and find that we are faulting on a position error. Open the Axis Properties for AxisO1 and
increase the position error to 20.0.

'bmpw-m
} General | Motion Planner | Unts

Homing | Hookup | Tune | Dynamics | Gains | Output | Limis™ | Offset | Faut Actions | Tag

=[O )fusl

| Dove/Motor | Motor Feedback | Aux Feedback | Conveson |

Hard Travel Limits Manual Adjust
S e L
I Posttion Eror Tolerance: 200 Posttion Units I
Posttion Lock Tolerance 0.01 Postion Units
Peak Torque/Force Limit: 339.3701 % Rated
Continuous Torque/Force Limt:  100.0 % Rated
(oK J[ Concsl |[ peoy [ e

Now set up a trend. Add the actual and command position tags. Set the time scale to 45 seconds.



Name | General ‘ Display | F'ens | X-Axs | Y-Ads | Template ‘ Sampling | Start Trigger | Stop Trigger

Pen Attributes

1 Tag\Sxpr. Visble | Width | Type Style Marker
1 JAxis01.ActualPositior 1 Analog |-——————— |None 0.00/
2 | Axis01.CommandPosition 1 Analog | ————— |None 0.00M
| 3 |Vitual_Ads. ActualPosition 1 Analog |-——— None 0.00
|
« »

Add/Configue Tags |

Multiple Pen Edits
Visble | Width | Type | Stle | Maker [  Min [  Max
| |

| Eng. Units |

Clear Selections ‘ Apply to Selected Penl(s) ‘

| 0K || cancel Apply J‘ Help

RSTrendX Properties @

RSTrendX Properties

Name | General l Display Pens \ X-fods | Y-Axis | Template I Sampling Start Trigger | Stop Tngger
Minimum / maximum value options
Automatic [best fit based on actual data)
Preset  [use min/max setting from Pens tab)
@ Custom
Minimum value

@ Actual minimum value -25

Maximum value

@ Actual maximum value 370

Display options Scale options

V! Isolated graphing 10 % isolation ot onsams scak
V| Display scale 0 Decimal places Eachp ale
Scale .
Displa d fine: 4

Scale as percentage

J \77(£ancel \q Zr'u)pr J \ Help

RSTrendX Properties

Name | General | Display | Pens | X-Ads | Y-Aus Template | Sampling

Chart time range

Start date
2272018 Start Date and Start Time
are not available when
Start time scrolling is allowed To
57 PM clear Allow Scrolling, use
the Display tab
Time span
45 > |Second(s) ¥
Display options
¥ Display scale
Display date on scale
V! Display grid lines
4 . Major grid lines
0 * Minor grid lines
B Giid colr

OK

Virtual_Axis ActuslPosttion

Caneel

Start Tgger | Stop Tngger




43. Adding the Second MAPC for Cam Bending

At this point there have been changes to the program in order to add the next MAPC. These changes are
outlined in the next paragraphs.

(23 Unscheduled
-5 Motion Groups

W Virtual_Axis
(23 Ungrouped Axes
(23 Add-On Instructions
&5 Data Types
£ User-Defined
(@ Strings
£ Add-On-Defined
3] Q Predefined
- £3 Module-Defined
=5 Trends
8 (311756-1816 DC_Inputs

< n | »

Type AXIS_SERVO_DRIVE

Description

[E= Controller Organizer??h,_ Logical Organizer

GRT-

EQU Start_MAPC_ControisPB
4 ,#I_EM . . I J I GrrmuﬂrTh;Vm (A=R) I—1
%> Axis Properties - Axis0l E,
Honmg[i-bokxp]Tme]Dynancs[Gx\le\.lpd]Lmis]OﬂsleﬂAdlonsng
| General | Motion Planner | Units | Drive/Motor | Motor Feedback | AuxFeedback | Conversion
$ Posttioning Mode: Rotary
Corversn G 100MR00 | e oo G
Postion Unwing:  EESUMII0NN LSty
& ok [N [ Cancel Acply -

I
- e —— P

Changing to a rotary axis and Setting the axis to roll over (position unwind) to 360 degrees saves us from

having to home the axis.

=] ‘3 MainProgram
-\ Parameters and Local Tags

-Fa MainRoutine
B.A&liﬂLMAEC Controls
. VirtualAxis )

... UnscFe?d'ftﬂ' e a

=& Motion Groups
=-£8@ Motior Grou[}

This rung controls the virtual axis jog command.

' - \\ Virtual_Axis.ServoActionStatus  Virtualaxis_Jog MAJ
£ AxisUi T ] —Eee—— Ee—— ] — Motion Axis Jog EN
9 Virtual_Axis =52 Axis Virtual_Axis (o)
(3 Ungrouped Axes . Motion Control VirtualAxis_MAJ DN
X L Direction 0
(71 Add-On Instructions R
&5 Data Types Speed Virtualaxis_Speed
(4 User-Defined % Pom=
B % Strings Speed Units Units per sec
-.Cj Add-On-Defined 2
- C4f Predefined
In the above graphic we have changed the virtual axis speed to 10 (decreased).
1 EQU GRT WAPC
5 @ | —— Equal Greater Than (A=B) Motion Axis Position Cam HCEND>—+
i Source A CurrentState Source A Virtual_Axis AverageVelocity Slave Axis (=]
i 46 2.064516 & Master Axis ? () DN
i Source B ServoState[4] Source B 1 Motion Control ?
i L€ Direction ? - ER)>—
i ??
i Cam Profile ? [ HPy—
i Slave Scaling ?
i 7 ¢ PCY—
1
i v
]

Above is the rung we are adding. Note below that we are using the next cam profile, [2].

Start with 1-to-1 scaling and execution mode of once and schedule of pending. Master
Lock Position and Cam Lock Position refer to the position value to be used as the “lock” point. In this case
our highest master value is 110.66 so we choose 111.0 for our lock position. It is a point outside the range of
movement but also where we want the axis to stop movement. (lock up) We are using the same 111.0 for Cam.

MAPC_CamProfile TWO



We are going to add some logic to our rung. First, we want to
wait for the MAPC to complete (.PC) and then we will move a 3

into the CurrentState variable so we can repeat/loop.

MAPCMotion_Control[1].PC MOV |
J E Move
Source ServoState[3]
3 €
Dest CurrentState
4€

We will also add a pending status, we want to know if the axis is

in action. We can tell this via tag
Axis01.PositionCamPendingStatus. Next we add a latch for second cam active.

SecondCam_Active

T — | (— —— | (S———

Master
0.0 0.0
10.0
20.0

>

Type A
Cubic
Cubic
Cubic
Cubic
Cubic
Cubic
Cubic
Cubic
Cubic
Cubic
Linear

wlof~lo|nlslwln]|=lo

=)
= | ¢
g B ] BN B
& w
®
&
[T

9% 333

Master |

t t t
80 100 120

t
40

Figure 5 selecting master and cam lock position.

Axis01.PositionCamPendingStatus

MAPC
Motion Axis Position Cam —{EN»——
Slave Axis Axis01 (L)
Master Axis Virtual_Axis [_.] H(DN>—
Motion Control MAPCMotion_Control[1]
Direction 0 —ER)—
Cam Profile MAPC_CamProfileTWO [..] H(IP)>—
Slave Scaling 1

«

L CPC)—

SecondCam_Active

Dest

CurrentState

L
MAPCMotion_Controf[1].PC MOV
- e Move
Source ServoState[3]
3 &
Dest CurrentState
46
We will also have to add the SecondCam_Active latch to rung 4.
I £QU Start_MAPC_ControlsPB GRT MAPC
4 i — Equal 1 E Greater Than (A>B) Motion Axis Position Cam EN)-

i Source A CurrentState Source A Slave Axis Axis01 ()
i 4& 12.096774 & Master Axis Virtual_Axis [...) (DN e
i Source B ServoState([3] Source B 1 Motion Control MAPCMotion_Control[0]
i e Direction 0 ER)—
i
i Cam Profile MAPC_CamProfileONE () H(IP>—
i Slave Scaling 1
i PC =
I
i ¥
i -
i MOV- (’ gecondCam__ActiveN\
i Move S s—U =
i Source ServoState[4] L
i 4e
i
i

4 €




44. Showing a More In-Depth View of the Cams Blended with Added Features

“Blending” seems to refer to moving back and forth between two states each with its own MAPC function
block. The key is to wait until one is done before starting the other, this is done with status bits, see above. So
you can have two (or more?) axis running back to back presumably against the same virtual master. The
transition between the two has to be seamless. Now we will run the below two cams and inspect the trend.
Blending time cams works the same way.

% | Cam Editor - MAPC_CamProfileONE =@ # | Cam Editor - MAPC_CamProfileTWO o [®
s $§8§% Qaa s § 8% /|
R B B | R B B |
1] [uaster [save [rype |+ 1] [Master [siave [Type |~
1 o 1o
1 1
2| 2
3] 3]
7y 3
| 6 | & |
= 7
&3 1 8|
L 9| 2
Lo [i
11 i
12 |
Master
0 }Z'(V
Master - p
20 150 -
v ¥
»  [EndSope |0
Master Postion Veloctty Acceleration Jerk [ Concal Master Postion Velocty Acceleration Jork (G
| | I ] ] — 1194333 1253333 F.0s1231 H0.179512 +0.028633
[ Help P [ Heip
k

Looks good.

Question is, how does this happen? Look at the first
MAPC function block, it is set for

Execution Mode: Once and

Execution Schedule: Immediate.

MAPC
1 Motion Axis Position Cam —CEND)—
Slave Axis Axis01 [...)
Master Axis Virtual_Axis [...] (DN
Motion Control MAPCMotion_Control[0]
Direction 0 —{ER)—
Cam Profile MAPC_CamProfieONE [...] H(IPY>—
Slave Scaling 1
B PC=
Master Scaling 1
oS T I S D S S S S S S S - -
( Execution Mode Once |
\Execution Schedule _ _ __ Immediate ;
Master Lock Position 25
Cam Lock Position 125
Master Reference Command
Master Direction Forward Only




MAPC

Motion Axis Position Cam

Slave Axis Axis01
Master Axis Virtual_Axis
Motion Control MAPCMotion_Control[1]
Direction 0

Cam Profile MAPC_CamProfileTWO
Slave Scaling 1

Master Scaling 1

I e3 eD o3 oD e3 6D 03 6D O3 6D O3 6D O3 6D O3 63 63 a3 63 a3

ecution Mode
\Execution Schedule

ﬁ?s?e? Lock Position

Once‘.
Pending !

(o)
(es)

()

HCEND-
IsCDN
HCER)-
o P
H(PC)-

Now the second MAPC instruction is set up for...
Execution Mode: Once and
Execution Schedule: Pending.

Important note: this only works because of the
SecondCam_Active discrete bit “blocking” MAPC 2
until MAPC 1 is compete. Otherwise MAPC 2
would run continuously even with execution
schedule set to pending.

Cam Lock Position

Master Reference
Master Direction

185

Command
Forward Only

~

ey
£QU- GRT- MAPC_| ingStart MAPC MOV- am_Active
—— Equal Greater Than (A=B) —ﬁ Motion Axis Position Cam FCEN)>——— Move b —
Source A CurrentState Source A Virtual_Axis. AverageVelocity Slave Axis Axis01 () Source ServoState[S]
Se 4032258 ¢ Master Axis Virtual_Axis (..) jsCDN s S«
Source B ServoState[4] Source B 1 Motion Control MAPCMotion_Control{0] Dest CurrentState
4 € Direction 0 HCER)>— 5S¢
Cam Profile MAPC_CamProfileONE () H(IP>—
Slave Scaling 1
B PC e
Master Scaling 1
Execution Mode Once
Execution Schedule Immediate
Master Lock Position 125
Cam Lock Position 125
Master Reference Command
Master Direction Forward Only
S
EQU- GRT- SecondCam_Active  Axis01. dingStatus MAPC
|—— Equal Greater Than (A>B) J'E | |— Motion Axis Position Cam HCENY
Source A CurrentState Source A Virtual_Axis. AverageVelocity Slave Axis Axis01 ()
Se 4032258 € Master Axis Virtual_Axis (...) DN e
Source B ServoState[S] Source B 1 Motion Control MAPCMotion_Control{1]
Se Direction 0 HCER)>—]
h Cam Profile MAPC_CamProfileTWO (L) (P es
Slave Scaling 1
Hcpey—
Master Scaling 1
Execution Mode Once
Execution Schedule Pending
Master Lock Position 185
Cam Lock Position 185
Master Reference Command
Master Direction Forward Only
SecondCam_Active
L ——
MAPCMotion_Control{1].PC r—MOV—|




45. Using the MCCP Instruction

Note that a CAM and a CAM Profile are not the same thing. The CAM Profile collects the data from the CAM
and runs it. You can make changes to the CAM array but they will not be loaded into the CAM Profile until
you fire the MCCP instruction. Also be careful of the Length field of the MCCP instruction, you can build a
deeper cam. This section talks about loading new values into the CAM Profile during run time using the MOV
command.

£QU BuildCam{0] MCCP
—— Equal JE Motion Calculate Cam Profile HCEND>——
Source A MotionStateControl[0] Motion Control Axis01AdvControL.MCCP[0]
4 ¢ BuildCam[1] Cam Axis01AdvControl.PendingCam{0] §..2) (DN s
Source B { 1[4] ] E Lengm T
4 ¢ HCER)—
Start Slope 0
End Slope 0
[ETLES Ol Axis01AdvControl Rur
Change_Camming
<Local3:.Data.13> MOV- 0 MOV- »
J E Move Move Move
Source 0.36 Source 0.40 Source 1
Dest Axis01AdvControl.PendingCam[1].Master Dest Axis01AdvControl.PendingCam{1].Slave Dest Axis01AdvControl.PendingCam[1].SegmentType
048 ¢ 0.5 ¢ 1€
Change_Camming
<Local3:.Data. 13> MOV- MOV- MOV-
J E Move Move Move H—
Source 064 Source 06 Source 1
Dest Axis01AdvControl.PendingCam[2] Master Dest Axis01AdvControl.PendingCam{2].Slave Dest Axis01AdvControl.PendingCam[2]. Segmen{Type
0.52 ¢ 0.53 ¢ 1€
Change_Camming
<Local3:LData. 13> MOV- MOV- MOV-
J E Move Move Move H—]
Source 084 Source 0.40 Source 1
Dest Axis01AdvControl.PendingCam[3].Master Dest Axis01AdvControl.PendingCam{3].Slave Dest Axis01AdvControl.PendingCam[3].SegmentType
0.62 ¢ 0.5 ¢ 1¢
s
Change_Camming
<Local3:.Data.13> Cam1Change BuildCam([0]
J E {ons] L
Change_Camming
<Local3:.Data.13> Axis01AdvControl MCCP[OLEN  BuildCam{0] BuildCam{0]
We’ve added to the UDT.
I Sei: Catnts Members: Data Type Size: 30560
B virtualAxis_Control
*..[23 Unscheduled Programs / Phases Name Data Type Style Description Extemal Access
(=& Metion Groups ] MCCP MOTION_INSTRUCTION[10] Read/\Write
i q},’i MotionGroup -+ MCSV Mgng’_\ltltlgTHUCTIONﬂ 0] Read/write
@ Axis01 ] MAPC MOTION_INSTRUCTION[10] Read/write
% VirtualMaster 11 MATC MOTION_INSTRUCTION[10] Read/\Write
i Ungrouped Axes -+ MADC MOTION_INSTRUCTION[10] Read/write
(] Add-On Instructions H MaW MOTION_INSTRUCTION[10] Read/\Write
=5 iD_Btgh’&,S_ ________ 5 +] MDW MOTION_INSTRUCTION[10] Read/write
‘ - £ User-Defined 1 | MAR MOTION_INSTRUCTION[10] Read/\Write
A\ & Advanced_Motion UDT_} 7] MDR MOTION_INSTRUCTION[T0] Read/Wiite
T Basic Miotion UDY | MAOC MOTION_INS TRUCTION[0] Read/Wiile
§0Q Suings [2Moor_ ___ ] MDTION_INSTRUCTIONITO] Read/Wite
; Lrgl Add-On-Defined | BuidCAM CAM[360) 1 Read/Wite
#1-l Predefined § |71 PendingCam | CAM[360) H Read/Wiite
4% Module-Defined — -
1|5 RunCam CaAM_PRAFILE[380] I ReadAwrite
€3 & Tends | eeeeeeeee e -K-‘

Now, what are the elements which make up the cam? We are not talking about the Cam Profile because we do
not build the cam profile, we build the cam and load the cam profile.

— Axis01AdvControl PendingCam(1] PO fiual CAM
~ Awis01AdvControl PendingCam[1].Master 0.48 Float REAL
Axis014dvControl. PendingCam(1] SegmentType 1 Decimal DINT
- Awis?1AdvControl PendingCam(1].Slave 0.5 Float REAL

§egment Type is the Linear or Cubic entry. Master and Slave are position entries.



47. Using a MCCP and then Loading it into an MAPC Instruction For Use

The idea of creating a CAM is to load it into a MATC or a MAPC. So how do we do that? We built a cam with
MCCP, now how do we use that cam with the MCCP Cam Profile? The final CAM Profile we build we want to
use in either a MATC or MAPC. Note that the axis cannot be running when you change the cam since you

would be changing the dynamics of the servo.

BuildCam[0] Axis01AdvControl. MAPCI[0].IP MCCP
3 E S—— [ Motion Calculate Cam Profile —EN>—
Motion Control Axis01AdvControl. MCCP{0]
BuildCam([1] Cam Axis01AdvControl.PendingCam[0] (L..) (DN &=
] E Length 6
—CER>—
Start Slope 0
End Siope build cam 0
l‘--__--__‘-__—-_——-———-.\
1| CamProfie Axis01AdvControlRunCam[0] [C.] | 1
i
RunMAPC 1
<Local3:1.Data.7> Axis01AdvControl. MCCP[0).EN MARC:
] E S—— | [ Moton Axis Position Canl —CEN>—-
Slave Axis 1 Axis01 ()
itaster Axis I VituaMaster (I..) DN
Motion Control Axis01 A})vControl.MAPC{O]
Direction 1 1 —ER)—
o TLRSON I Axis01AdvControl RunCam{0] —(IP>—
Slave Scaling 1
use cam < PC)—
M
Below code shows how to manipulate the cam values in run-time.
Change_Camming
<Local:3:.Data.13> MOV- MOV- MOV-
J E Move Move Move
Source 0.36 Source 0.40 Source 1
Dest Axis01AdvControl.PendingCam{1].Master Dest Axis01AdvControl.PendingCam[1].Slave Dest Axis01AdvControl.PendingCam[1].Segmen{Type
048 ¢ 05¢€ 1€
MOV- MOV- MOV-
— Move Move Move —
Source 264 Source 20 Source 1
Dest Axis01AdvControl.PendingCam{2]. Master Dest Axic 01A ntro .PendingCam(2].Slave Dest Axis01AdvControl.PendingCam[2].Segmen{Type
1.52 ¢ 153 ¢ 1¢
MOV- MOV- MOV-
— Move Move Move —
Source 384 Source 3.0 Source 1

Change_Camming

Dest Axis01AdvControl.PendingCam{3].Master
262 ¢

Dest Axis01AdvControl.PendingCam[3].Slave
254

Dest Axis01AdvControl.PendingCam([3].Segmen{Type
1¢

MOV-

— Move

Source 420

Dest Axis01AdvControl.PendingCam{4]. Master
385¢

Move

Source 20

Dest Axis01AdvControl.PendingCam([4].Slave
115 ¢

0
Move —
Source 1

Dest Axis01AdvControl.PendingCam{4].Segmen{Type
1¢

MOV-

MOV-

MOV-

—— Move

Source 55

Dest Axis01AdvControl.PendingCam{S].Master
425 ¢

Move

Source 0.4

Dest Axis01AdvControl.PendingCam(5).Slave
0.0¢

Move —
Source 1

Dest Axis01AdvControl.PendingCam([5]).Segmen{Type
1€

<Local:3:lData. 13> Axis01AdvControl MAPC[O].IP £QU CamiChange BuildCam[0]
J E | Equal {ONS] L
Source A MotionStateControl[0]
4€
Source B MotionStateControl[4]
L€
Change_Camming
<Local3:Data.13> BuildCam[0] Axis01AdvControl. MCCP[0].EN BuildCam[0]
JE JE JE 0




The above cam value manipulation code can be repeated for further configurations.

MCCP

BuildCam(0] I' Axis01AdvControl MAPCIOLIP | 1
J E : et 7 —| Motion Calculate Cam Profile —(EN)>—
= - - - - - *x Motion Control Axis01AdvControl. MCCP[0]
BuildCam[1] \ Cam  Axis01AdvControlPendingCam[0] () jBCDN ==
J E \\ Length 6
. N . \ -{ER)—
This .IP is saying you cannot execute '\ start Siope 0
the MCCP while the MAPC is running.
244 Siope 0
\
Can?‘gmme Axis01AdvControl. RunCam[0] ()
A
\
RunMAPC \
<Local3:l.Data.7> Axis01AdvControl MCCP[0].EN ALY MAPC-
1 E —!_—l mnmn.&xiﬂbsﬂion Cam - EN)——
Slave Axs A\ Axis01 [
Magter Aois N _ _ _ _ Virtuplidaster, (o) [sCONDm=
M Ceatrol LAxBMAdeontrul MAPC[0] A
DII‘eCt!I"l ----______T \ _{ER)—
L \
Cam Profile Axis01AdvControl. RunCarr[D] E]‘I—(P}—l
Slave Scaling T——
—(PCO—
¥
BuildCam[0] Axis01AdvControl. MAPC[O0].IP MCCP-
J E S— | [ Motion Calculate Cam Profile —CEND
Motion Control Axis01AdvControl. MCCP{0]
BuMCanﬁ] Cam  Axis01AdvControl.PendingCam0] (i) jsCDN =
ol Length 6
—ER>—
Start Slope 0
End Slope 0
Cam Profile Axis01AdvControl.RunCam{0] (i)
RunMAPC
<Local:3:.Data.7> Axis01AdvControl. MCCP[0].EN MAPC.
] — (— Motion Axis Position Cam —CENY
Slave Axis Axis01 ()
Master Axis VirtualMaster () (DN e
Motion Control Axis01AdvControl. MAPC[O]
Direction 1 —ER>—
Cam Profile  Axis01AdvControl.RunCam{0] [.) H(IP>—
Slave Scaling 1
—(PCO—
Master Scaling 1
Execution Mode Continuous
Execution Schedule Immediate
Master Lock Position 0
Cam Lock Position 0
Master Reference 0
Master Direction Forward Only
%
StopMAPC
<Local:3:|.Data. 11> MAS:
J E Motion Axis Stop EN)—
Axis Axis01 (L) JsCDN e
Motion Control Axis01Control. MAS[2] ER)—
Stop Type Position Cam P>—

«

PCOm=




48. MAOC Introduction

MAOC is Motion Arm Output Cam. It is used in conjunction with motion to control output such as bit or 10

you want to fire when the servo reaches a certain position.

Below dialog is the CAM of a MAOC instruction.

% * Output Cam Editor - Output_Cam_Clock [EEEE
4 K Cu
. A Moce:  EHEEEUR
bit OE soE 1205 1soE 2405 - [1 | Outpu...| Latch ...| Unlatc...| Left P...| Right ... | Durati...| Enabl... | Enabl... I:
0] | : : : : 00 Postion |Position | 0.250... | 0.489.. | 0.000... |lnput |0
45 | : : ; : 1]0 Position |Position | 0.750... [ 0.999... [ 0.000... [lnput [0
2 E E . E E 211 Position...| Position...| 0.500... | 0.999... | 0.000... |Input 1
311 . i - . 32 Enable |Enable 0.000... | 0.000... | 0.000... |input 2
4 : : : : 413 Position |Duration | 0.000... | 0.000... [ 5.000... [lnput |2
_§_ . : E : : . 5|4 Enable |Duratio... | 0.000... | 0.000... | 5.000... {Input 2
_6 ! : : : 3 6|1 Position |Position | 0.650... | 0.750... | 0.000... |input 0
2| : : : : :
= : : : b L .-
19 : : : : :
= ' : : < v
<l » < 1 i »
; o] [Comen ) [ oo
Below are the field headings.
[1 | Output Bit Latch Type Unlatch Type Left Position Right Position | Duration Enable Type Enable Bit
0 Position Position 0.250000 0.499999 0.000000 |Input 0
110 Position Position 0.750000 0.999999 0.000000 |Input 0
2|1 Position and Enable Position and Enable 0.500000 0.999999 0.000000 |Input 1
3|2 Enable Enable 0.000000 0.000000 0.000000 |Input 2
413 Position Duration 0.000000 0.000000 5.000000 |Input 2
5|4 Enable Duration and Enable 0.000000 0.000000 5.000000 |Input )
6|1 Position Position 0.650000 0.750000 0.000000 |Input 0
] ) ) ) MAOC
First column, Output Bit. Outputs associated with the ~{ Motion Arm Output Cam _ LCEN)—-
instruction, note the Output, Input, and Output Cam fields. - MasterAis. ()
L ; L Execution Target 0 jC DN el
Latch Type: Position & Enable, Inactive, Position, and
Position & Enable. Motion Control Output_Cam.Enable_Control —{ER>—
. . . . . Qutput Output_Cam.Output
Latch Type Position is associated with Left Position. i PR e [
Unlatch Type Position is associated with Right Position. Input Output_Cam.input
. . oy s de —{PCH>—
If LatchType_ is set to Inactive the output b|_t is left unchanged. e Output.Cam_ Clock(0] &
Note output bits are reset when the enable bit becomes Cam Start Position  Output_Cam.CAM_Start
inactive. Cam End Posttion Output_Cam.CSM Eorigb
. . . | u % ¥
Position and Enable means the output is reset when the axis = ~10e

position leaves the compensated range (cam range) and the
enable bit becomes inactive (?).

For Unlatch Type Duration and Enable the output bit is reset
when the duration expires and the enable bit becomes inactive.
Duration means you want to keep the bit on for a set time.
Duration and Enable means both are active. It sounds like
“enabled” means if the other output bit in the cam is “on” the
action of the bit you are configuring will take place.

More on this below.

Output Compensation MAOC_Compensation[0]
Execution Mode Continuous
Execution Schedule Forward Only
Axis Arm Position Output_Cam.Axis_Arm

00e
Cam Arm Position Output_Cam.CAM_Arm

00e
Position Reference Command

»




Latch Type Unlatch Type

Latch Type Unlatch Type
. - z
_ Inactive B Inz -
_ Position | | _Position
Enable Duration
Position and Enable " Enable
t * | ~ Position and Enable
- puraﬁon and Enable

s (] itpuit_Cam. Output.0 2 |
a I
Output_Cam.Output.1 2 | 1 |

1
==} Masterdxis ActualPosition| 2 JR—)
7 D

Here red is the master cam which the output cam follows. Remember, on the trend the vertical axis is position
of the master cam. Blue is the output bit, from the table we see it should be coming on at .25, off at .5, on again
at .75, and off at 1. It does seem to be following that pattern. Now output bit 1; it should come on at .5 and off
at 1, and it has another line that says come on at .65 and off at .75. Not seeing this, may have to do with enable
bits?




-
% ° Output Cam Editor - Output_Cam_Clock

Looking at the traces on the Output Cam we see everything seems correct.

g

= Mode  [RemoteRun
bit [1 | Outpu...| Latch ...| Unlatc...| Left P...| Right ... | Durati... | Enabl... | Enabl... |L
0] ; 2 7 0|0 Postion |Postion | 0.250... | 0.499... | 0.000... |input | 0

! : : I I R | 0

_2.; E E E E E 2|1 Position...|Position...| 0.500... | 0.999... | 0.000... |input 1

EINS : : : : C 3|2 Enable |Enable | 0.000.. | 0.000... | 0.000... |lnput |2
4| : : : ] : 4|3 Position |Duration | 0.000... | 0.000... | 5.000... |input 2

[se| : : : : ! 5] Enable |Duratio... | 0.000... | 0.000... | 5.000... |input |2

(6] : : : ; ; ; Al s Posttion |Position | 0.650... | 0.750... | 0.000... |input |0




50. MAOC Cam Qutput Control

Regarding outputs, if they are aliased to an output card and are active, meaning being driven by the cam, and
the program is stopped (axis is stopped) suddenly (abnormally) the output remains high (or whatever the driven
state is). Note that during this time the.IP bit will be on.  So it is necessary to write code to put the outputs in

the desired safe state.

{ MasterAxis. ServoActlonStatus Output_Cam.Enable_Control.IP ————————MDOC- J
| — = [ Motion Disarm Qutput Cam ) - . HCEN>—
Axis (MasterAxis }[...)
Execution Target @~ T ¥ | DN D
Motion Control Output_Cam.Disable_Control —{ERD>—
DisarmType ~ & o All
Q MOV- MOV-
Move Move
Source 0 Source 0
Dest Output_Cam.Output Dest Output_Cam_Abs.Output
[ ——— 0 0
e_Control.IP —MAOC—
_— Motion Arm Qutput Cam —CEND
Axis MasterAxis (L] e
el Tuincd o cowml Writing the zero to the MAOC Output
parameter sets the output bits to zero.
{- b bl 0O (o Bl G e s Gt b | Gﬂn Enahh MI— N —ERD>—
iy -
Input "“ Output_Cam. Input : —— .
4e ((PCH -0 Cam.0
Output Cam | output_cam_ciock) () = Hitput il
Cam Start Position  J Output_Cam.CAM_Start ~ Output_Cam.Output.0
I 00e
Cam End Position 'l Output_Cam.CSM_End ~ Dutput_Cam.Output.1
10€
Output Compensatlot' MAOC_Compensation[0] ‘UWJ:MUMZ
Execution Mode Continuous M s Cae Nt | n
Execution Schedule | Forward Only
Axis Arm Position |  Output_Cam.Axis_Arm
I 00e
Cam Arm Position ,' Output_Cam.CAM_Arm
1 0.0e
Posttion Referenceg Command
i,
L
RefAbsolute MAOC.
1 E Motion Arm Outputkam —CENY>—
Axis ] MasterAxis (..
Execution Target 'l 1 —(DN>—
Motion Control Qlitput_Cam_Abs.Enable_Control —(ER)>—
Output I Output_Cam_Abs.Output
] 0e HIP>—
Input ] Output_Cam.Input
I 4¢ [H(PCHO—
Output Cam " Output_Cam_Clock[0] (o)
I v
1
I
e_Control.IP " MDOC
Motion Dgarm Output Cam HCEND
Axis | MasterAxis [...])
Executic'h Target 1 JEC DN D
Motion ;rontrol Output_Cam.Disable_Control —{ERD>—
DisarmyType All
#
I
MOV— MOV
Move ] Move
Source | B Source 0
o o i o e y A 1
f Dest Output_Com.Output : Dest Output_Cam_Abs.Output
| IR S — ('K B9 0€




51. MAOC Compensation Usage Explained

?’% Tag Properties - MAQC_Compensation
General
Mame: MADC Compensati |
Description:
Type: Baze ~ | | Connection...
a=sFor: Predefined Data Type

f----------------'\
\

Data Type:  [oUTPUT_COMPENSATION[10] ).

Scope: Eﬂ: MainProgram

Extemal Read, Wit »
Access: =2 s

Style:

[ ]Constant

Cancel Apply

o o)

Help

MAOC
Motion &rm Output Cam HCEN»—
Axiz Masterdxiz | ..
Execution Target 0 Db
Motion Control Output_Cam.Enable_Control HER—
Output Cutput_Cam.Output
e  HIP—
Input Cutput_Cam.Input
4¢ HPCH
Cutput Cam Cutput_Cam_Clock[0]
Cam Start Position COutput_Cam.CAN_Start
noe
Cam End Position Output_Cam.CSKM_End
rl:ZI |Jt£ut Compen=zation MAD C;_C.um &n SEtiun[EL ¥
?xeu:uﬁln-ﬁﬁe- ——— -Efun nuoUs
Execution Schedule Forward Onhy
Axiz Arm Position Output_Cam.Axiz_Arm
0.0«
Cam Arm Position COutput_Cam.CANM_Arm
0.0«
Position Reference Command
=
MAOC
Motion Arm Output Cam HCEN —
Axiz Masteraxis | ..
Execution Target 1 DN —
Motion Control Qutput_Cam_Abs Enable_Control H ER»—
Qutput Cutput_Cam_Abs. Output
e HIP—
Input Cutput Cam.input

When you create the compensation tag, keep in mind the type is in the predefined group of UDTSs.
Compensation data type can be declared in the program tag scope.

I N N N N S . . - ﬂ
Mame: fEILITF'LIT_EDMF'ENSﬂTIDN 1 |
Description:
b embiers: Data Type Size: 24 byte(s]

MHame Data Type Style Drezcription Esternal Access
Offzet REAL Float Read ke
LatchDelay REAL Flaat R ead it
nlatchDelay REAL Float Fead ke
Mode DIMT Decimal Read ke
CycleTime REAL Float Read W ite
DutyCycle REAL Float R ead write




= MADC_Compenzation [...1 Hoool) QUTPUT_COMP...

—- MADC_Compenzation[0] ool Hoool! QUTPUT_COMP...
MADC_Compensation[0]. Offzet 0.0 Flaat REAL
MADC_Compenzation[0].LatchDelay 0.5 Float REAL
MADC_Compensation[d]. UnlatchDelay 0.5 Float REAL
+| MADC_Compenzation[(].Mode ] Decimal DIMT
MAQDC_Compenzation[d]. CycleT ime 0.0 Float REAL
MADC_Compensation[d]. DutyCycle 0.0 Float REAL

Output Compensation: array indices correspond to output bit numbers, the minimum size of an array is

determined by the highest compensated output bit. Each bit has the 6 settings below:

CycleTime: Refers to pulse rising edge in Inverted & Pulsed compensation (see diagram)
DutyTime: = (On-Duty Time)/(Cycle Time), on-duty time + pulse width

LatchDelay: provides time delay compensation for the latch operation

Mode: normal, inverted , pulsed, inverted & pulsed

Offset: provides position compensation

UnLatchDelay:

provides time delay compensation for the unlatch operation (inoperative)

Cam P osition
| o=
. Offzet
-
P osition
-
. Latch Offzet | . Unlatch Ofizet |
-— i :
Compensated Cam P osition
=

The cam range is defined by the left and right cam positions of the Output Cam element. The compensated
cam range is defined by the cam range, offset, and latch and unlatch offsets. The latch and unlatch offsets are defined

by the current speed v.

Latch Offset = v * Latch Delay

Unlatch Offset = v * Unlatch Delay

The resulting compensation offset can actually be larger than the difference between cam start and cam end
position. The following equation illustrates the effect of the compensation values on the duration of an Output

Cam element: Compensated Duration = Duration + Latch Delay - Unlatch Delay

Normal The output bit is set, when the output of the latch and unlatch operation becomes
active. The output bit is reset, when the output of the latch and unlatch operation
becomes inactive.

Inverted The output bit is set, when the output of the latch and unlatch operation becomes
inactive. The output bit is reset, when the output of the latch and unlatch operation
becomes active.

Pulsed The output bit is pulsed, when the output of the latch and unlatch operation is active.

The on-duty state of the pulse corresponds to the active state of the output bit. The
output bit is reset, when the output of the latch and unlatch operation becomes inactive.

Inverted & Pulsed

The output bit is pulsed, when the output of the latch and unlatch operation is active.
The on-duty state of the pulse corresponds to the inactive state of the output bit. The
output bit is set, when the output of the latch and unlatch operation becomes inactive.




Below diagram illustrates the four modes described above.

Output Bit
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Duty Cyde =

Cyde Time

The following diagram shows the effect of the selected unlatch type on the output bit for different compensated cam
and enable bit combinations as function of POS ition.
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-
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e

Po=ition
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-
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-
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-

Po=ition

Cutput bit intially set
Output bit initially not ==t

-




The following diagram shows the effect of the selected unlatch type on the output bit for different compensated
cam and enable bit combinations as function of time.

Compensated Cam

E nable Bit

Output Bit

Curation

Dwuration and Enahle

Time

Time

— — — — Output bit initially set

Time

Time

Time

Time

—— Output bit indtially not z=t

The cam table from the program (sample below) will not necessarily show the effect of the above settings.

»)ﬁ'/

bit| ! 2! 04! 08! g M ~ | 11| outpu...| Latch Type | uniatch Type [ Left Position | Right Position | Duration | Enable Type | Enable Bit
0] [ s 1 0|0 Posttion Posttion 0.250000 0.498898 | 0.000000 [Input 0
e : A SN B ] 1@ Posttion Posttion 0.750000 0.598899 | 0.000000 [Input 0
2. H : : H : 2|1 Position and E...|Position and En... 0.500000 0.999999 0.000000 |Input 1
3] 1 3 |2 Enable Enable 0.000000 0.000000 | 0.000000 [Input 2
4 AE Posttion Duration 0.000000 0.000000 | 5.000000 [Input 2
5 s |4 Enable Duration and E... 0.000000 0.000000 | 5.000000 [Input 2
6 s |1 Posttion Posttion 0.650000 0.750000 | 0.000000 [Input 0
Ea =
Output_CAM_Bits_ 0_and_1
s (J uitpt_Camn. Output. 0 2 /
e Oitput_ Cam, Output 1 2 /
=t Masterdxis ActualPosition| 2 /

Bit firing for above cam with no compensation. With compensation on bit 1 would be firing very close to the
Master Axis initial position (position 1 is from .5 to almost the rollover).

Now we will add compensation and delays via the code shown below (MAOC Slot0.ADC).




Transfer offsets into Offzet memebers in Compensation Array for MAQC

Add_Compensation_0Offset WO,
] F Move
Source Compensation_Offset_Values
0.1«
Deszt  MAOC_Compensation[1].0ffzet
0.0
Add_Compensation_0Offset MO
e Move —
Source 0
Dest MAOC_Compensation[1].0ffzet
0.0«

Transfer Latch and Unlatch delays into Compensation Array for MAOC

Add_Compensation_Delays MO
] F Move
Source Compensation_Latch_Delay Values
1.0 %
Dest MAQC_Compensation[1].LatchDelay
0.0 &
WOV
Move —
Source Compensation_Unlatch_Delay Values
-1.0 #
Dest MAQC_Compensation[1].UnlatchDelay
0.0+
Add_Compensation_Delays MOY
e Move
Source 0
Dest MAOCC_Compenszation[1].LatchDelay
0.0+
MOV
Move —
Source 0
Dezt MAOC_Compensation[1].UnlatchDelay
0.0 &




Output_CAM_Bits_0_and_1
s (J tpLt_Camn. Output.0

Output_Cam.Output.1

= po| =] pof = Mo

s M asterdixis. ActualPosition

Now, with compensation enabled, output 1 is firing very close to the beginning of cam 1. Here we have
modified the compensation and delay values of the cam.

52. MAOC Input Enable Feature (Input Cam)

In this example our input cam is a parameter called Output_Cam.Input. Say we set our top three output cam
rows to Position & Enable.

bit| 0! 02! 04! 08! 08! # ~ [11[outputBit [ Latch Type | Unlatch Type Left Position | Right Position | Duration | Enable Type | Enable Bit
(o i1 L 0|0 Posttion Position and Enable 0.250000 0.495595 |  0.000000 |Input 0
1] ; ; [ (| [ } e Position Position and Enable 0.750000 0999393 |  0.000000 |Input 0
i : 211 Position and ... |Position and Enable 0.500000 0.999%99 0.000000 |Input 1
3] 3 |2 Enable Enable 0.000000 0.000000 | 0.000000 |Input 2
[ 4| AE Position Duration 0.000000 0.000000 |  5.000000 |Input 2
_5 514 Enable Duration and Enable 0.000000 0.000000 5.000000 |Input 2
| 6 | 5|1 Pasition Position 0.550000 0.750000 | 0.000000 |Input 0
Now we set the first three Output_Cam.Input values to 1, this will enable those bits.
=
= Dutput_Cam.|nput 31
~ Dutput_Cam.Input.0 1
Output_Cam.Input. 1 1
Output_Carm.Input.2 1
n |

~ Output_Cam.Input.3
[ Oupu Caminput [ ]

Now we run and check the Output_ Cam.Output bits. ..




PO — — 3

l = Dutput=C;m.U utput 12|

~ Output_Cam.Output.0 1 g
~ Output_Cam.Output.1 O |
~ Dutput_Cam.Output.2 111}

~ Output_Cam.Output.3
~ Output_Cam.Output.4

We find that bits 0, 1 and 2 are cycling. We can try to discern the pattern. Does it look like the cam profile? It
appears that only bits 0 and 1 have a cam defined. Now we will change all Enable bits to “6”.

T

bit oE soE 1203 180! 240! » | [] | Outpu...| Latch ...| Unlatc...| Left P...| Right ... | Durati... | Enabl... | Enabl... I
0 | : : : : 0o Position...| Position...| 0.250... | 0.499... | 0.000... |nput |6
1] | : : : : 10 Position...| Position...| 0.750... | 0.999... [ 0.000... [nput |6
2| H ; ‘ : 211 Position...| Position...| 0.500... | 0.999... | 0.000... |Input 6
3] | : : : : TE Enable |Enable | 0.000.. | 0.000.. | 0.000.. |lput |6
4 : : ; ; 4|3 Position |Duration | 0.000... [ 0.000... [ 5.000... [nput |6
5| ] ! : ol LS4 Enable |Duratio... | 0.000... | 0.000... [ 5.000... |Input 6
6| ! : : E 1 | 3K Position |Position | 0.650... | 0.750... | 0.000... |nput |6

Now restart the servo but you must also restart/recycle the cam profile. We are interested in the bits set to
Position and Enable for Latch/Unlatch.

bit oE 1 ~ 1 [1| Outpu...| Latch Type Unlatch Type

0 : [ i 01]0 Position and Enable Position and Enable
1 [ I'ﬂ_f 110 Position and Enable Position and Enable
2] ‘ 211 Position and Enable Position and Enable
3 i : 312 Enable Enable

4] . : 4|3 Position Duration

5| . ‘ - 5|4 Enable Duration and Enable
g E I 6|1 Position and Enable Position and Enable

The way we have the system configured we have no enables on (all are at 6) so we should not see any outputs
responding. The positions set to 1 in the enable column will respond. We can run and actually see this in the
code, the Output_Cam.Output value will change as the bit numbers which are responding to the cam change.

When all enable values are set to 6 no bits respond and Output_Cam.Output displays 10. Consider the
Input_Cam.Input array, it has position 6 and beyond set to zero.

ol

No outputs responding.



Now if we turn on Output_Cam.Input 6, set to 1, we will see different response.

— Output_Cam.Input 95
| ~ Output_Cam.Input.0

~ Dutput_Cam.Input.1
| ~ Dutput_Cam.Input.2
~ Dutput_Cam.Input.3

Output_Cam.Input.4
~ Output_Cam.Input.5
~ Output_Cam.Input.6

RIO|R ||

We see cam outputs firing. So the bit number in the Enable column tells the system which Output_Cam.Input
bit to look and and use it as the enable signal (1 being enable). That’s pretty much our Output_Cam.Input array.

I |

//

/

"

Now we ask, what if our Enable Type bit is set to Inverted Input? This means invert whatever the value is at
Output_Cam.Input[#] and use that value as the enable signal. | believe these values can be changed at run time,
in some cases the block enable has to be cycled but maybe not this case.



53. MAOC Axis Setup - Avoid an ERR

Consider the motion planner Output Cam Execution Targets setting in the virtual axis properties dialog for the

“Axis” being used with the MAOC command.

’--------

A Y

General i‘Motion Planner,i Units

Conversion | Homing | Dynamics | Tag

=0utput Cam Execution Targets:
Program Stop Action:
Master Delay Compensation

("] Enable Master Position Filter

IFast Stop v

Master Position Filter Bandwidth {5-1 Hertz

l-------------_--_-------------—v

T ‘
0 =

J

If we leave the 0 here we will fail on an error when we run because the MAOC instruction is telling the Axis (in
this case virtual) that it has output cams to execute and time must be set aside to do so. You must have a value
here which is large enough to accommodate the output cam. This applies to real axis as well.

MAOC
— Motion Arm Output Cam L(EN)-—
AxisT T TTT T T WasterAxis (L)
| Execution Target ____ o ooooooo____0) [HDN>—
Motion Control Output_Cam.Enable_Control (i_fg-g's_i_‘;
Output Local:4:0.Data
2#0000_0000_0000_0000_0000_0000_0000_0000€¢ |IP>—
(Rput~— "~~~ """ Uufpit_CamTnpit ™
B e ————— i T (TP
Output Cam Output_Cam_Clock{0] [..)
Cam Start Position Output_Cam.CAM_Start
0.0€
Cam End Position Output_Cam.CSM_End
10€
Output Compensation MAOC_Compensation[0]
Execution Mode Continuous
Execution Schedule Forward Only
Axis Arm Position Output_Cam.Axis_Arm
00«
Cam Arm Position Output_Cam.CAM_Arm
00e
Position Reference Command
A




301989888

35 The specified execution target exceeds the number of Illegal Execution Target
Qutput Cam targets configured for the axis.

To fix this error, the motion planner execution target value should meet or exceed the value of
Output_Cam.Input.



54. MAOC Cam Used In a Linear

What is the best application fora MAOC? Usually a rotary axis is used, this is because of the rollover (unwind
value). Have a look at our emulated application...

Axis Properties - MasterAxis

Posttioning Mode: Linear

Conversion Constant: 00t

-

RoR(ECH =5

‘, General I Motion Planner [ Units Conversion 1 Homing I Dynamics ] Tag |

[

Feedback Counts/1.0 Revs

So our position unwind is 200000 with a conversion constant of 8000 gives us 25 revolutions per reset/rollover.

MAM

Motion Axis Move —CEND
Axis Masteraxis [...)
Motion Control Axis[0]. Axis_MAM[0].Control JBCDN ey
Move Type 0

— ER)—|
Position 1000

Is —(IPY—
Speed 00 L(
PC s
Speed Units Units per sec
Accel Rate 1000
Accel Units Units per sec2
Decel Rate 1000
Decel Units Units per sec2
Profile Trapezoidal
Accel Jerk 10
Decel Jerk 10
Jerk Units Units per sec3
Merge Disabled
Merge Speed 0
Lock Position 0
Lock Direction 0
Event Distance 0
Calculated Data 0
Axis[0].Axis_MAM[0].Control.PC Axis[0].Axis_MAM[0].Enable

is[0]. Axis_MAM[1].Enable

U
\—AX_(—J
L

Now we have configured this linear axis to run to
position 1000 and then the .PC bit will fire which
will clear Axis[0].Axis_ MAM[0].Enable and set
Axis[0].Axis_MAM][1].Enable.

What Axis[0].Axis_ MAM[1].Enable does is run
back to zero. After which it will disable itself
and enable the original axis so it can run to 1000
again. Process continues.

While this is happening a MAOC is firing off the
positions. You can use the MAOC to do this but
is it the best application for this instruction? Best
way to implement this function? Maybe not.

Note that during the above scenario the MAOC
Ececution Schedule is set to Bi-Directional. This
tells MAOC to execute the cam in both
directions.



55. MAOC Code Explained

Explanation of the MAOC code. Be aware of setting Position Reference, can be Command of Actual.
Actual = use the encoder of the motor, this is more accurate
Command = use the position commanded, most system use this command.

MasterAxis.ServoActionStatus  Output_Cam.Enable_Control.IP MDOC: J
J'E —_— —— Motion Disarm Qutput Cam —{EN>——
Axis MasterAxis [..)
Execution Target 1 = DN D
Motion Contrel Output_Cam.Disable_Control —(ERD>—
Disarm Type All
MOV MOV

Move Move

Source h 0 Source 0

Dest Output_Cam.Output Dest Output_Cam_Abs.Output

13 € 0 €

Be aware of Motion Disable Output Cam, here we are invoking it when ActionStatus is off and the MAOC
declaration tag is done (.ip = true). It is very important to issue this command in order to disable cam outputs,
this is you putting the machine in a safe condition. Otherwise the outputs remain active after shutdown.

Moving a zero into Output_Cam.Output will shutdown the cam action (all disabled).
Output_Cam_Abs.Output is the same thing on the other axis.




56. MAOC Update

We will create a motion output cam using a MAOC instruction following the position of a servo to actually

control an actual output card. In this exercise we are using a hardware / real servo axis. This is a position based
system.

Item 1: make sure your output card is set up for Scheduled Data. Found in the cards properties dialog.

TR ——————

[N

Controller MAOC_SlotD
¢ Controller Tags
Controller Fault Handler
p Power-Up Handler
Tasks
4 ® MainTask
4 4 MainProgram
<7 Parameters and Local
MainRoutine
Unscheduled
Motion Groups
4 .5 Motion_Group
<& MasterAxis
Ungrouped Axes
Assets
Add-On Instructions

Data Tunes<

/O Conhiguration
4 B3 1756 Backplane, 1756-A7
[2 [0] 1756-L73 MAOC_Slot0
4 [1]1756-M16SE Sercos
4 F5 SERCOS Network
£, 10 2094-BC01-MO1
4 [2] 1756-ENBT/A Ethernet
(= A& Ethernet i
{9 1411756-0816 | 3

- General General
i Connection
- Moduls info |[CEE 1756-0B161 16 Point 10V-30V DC Isolated Output, Sirk,
. Configuration
Vendor: Rockwell Automation/Allen-Bradley
Parent: Local
Name: :
Description:

Module Definition

Series:
Revision: 3.001
L4
Electronic Keying: Compatible Module ,'
U4
i Output Data Scheduled Data
- |
’f e CEE GER GES S GE GEE N G5 ONR GES GEE o= S a
i
Change ...
N

Schedule Data allows the program to go in and control the outputs through the MAOC command.




Note our Drive Resolution: 2000 Drive counts per Motor Rev is equal to the Conversion Constant so that we

have one revolution per actual cycle.

Amplfier Catalog Number: | 2094-BC01-M01

Drive Enable Input Checkm

Drive Enable Input Fault

Real Time Axis Information
Attribute 1: Position Emor
Atribute 2:

Motor Catalog Number: [MPL-B310P-M Change Catalog...
Loop Configuration: Postion Servo
Drive Resolution: Calculate...

Torque Feedback

(:&_; Axis Properties - MasterAxis
Homing Hookup Tune Dynamics Gains Qutput Limits Offset Fault Actions Taa
General Motion Planner Units Drive/Motor Motor Feedback Aux Feedback Conversion

| o ® »
<G Axis Properties - MasterAxis X
Homing Hookup Tune Dynamics Gains Qutput Limits Offset Fault Actions  Tag
General Motion Planner Units Drive/Motor Motor Feedback Aux Feedback Conversion
Posttioning Mode: Rotary
; 500000 0 Drive Counts/1.0 Revs
Conversion Constant: (B | | g2cy on 200000 Counts/Motor Rev
Drive Counts/Unwind
Postion Unwind: Based on 200000 Courts/Motor Rev
This is the cam profile we will run.
[ bit|o 04! 0g! 12 ~ [ 11output..Latch Type Unlatch Type Left Position Right Position | Duration| Enable...| Enabl
_L Iﬁi IE_| 0 |o Position Position 0.250000 0.499999 (0.000000| Input 0
1 T 1 Jo Position Position 0.750000 0.9999990.000000|Input |0
i H H 211 Position and Enable Position and Enable 0.500000 0.999999 | 0.000000 | Input 1
< 3|2 Enable Enable 0.000000 0.000000 | 0.000000 | Input 2
545 4 |3 Position Duration 0.000000 0.000000 | S5.000000 | Input 2
i 5 |4 Enable Duration and Enable 0.000000 0.000000 |5.000000| Input 2
i 6 |1 Position Position 0.650000 0.750000 | 0.000000 | Input 0
7 *

Note Latch Type = Position and Unlatch Type = Duration, so you will trigger on position and unlatch after a

certain duration.




Sawtooth is the master position rollover, green and blue are outputs.

MasterAxis.ServoActionStatus Output_Cam.Enable_Control.IP MDOC | J
J'E — (— Axis MasterAxis | ... ENDam—
Execution Target 1 DN =
Axis[0].Axis_Jog.Control.IP ER)>—
] " Motion Control Qutput_Cam.Disable_Control
Disarm Type All
MOV MOV
Source 0 Source 0
Dest Output_Cam.Output Dest Output_Cam_Abs.Output
0 0«

Above we have added a bit in parallel for moving zeros into the Output_Cam.Output and
Output_Cam_Abs.Output bits which shutdown the physical outputs (safe state), see previous chapter. The new
bit is just saying anytime Axis 0 Jog is not in progress and Output_Cam.Enable_Control.IP is in progress we
can shutdown the output bits and issue the MDOC instruction (motion disarm output cam).

Key Points on MAOC:
e Be aware of how your axis is set up.
¢ When not running ISSUE MDOC TO SHUTOFF YOUR MAOC!




57. Using a Axis StandStill Bit

Say you want to make sure the servo is absolutely stopped. To achieve this by using VelocityStandStillStatus.
This status bit is telling you the servo has absolutely no velocity. But there will be times when the axis is
moving very slowly and this will hang up your process. We can adjust the standstill window using SSV. You
can see this effect when a servo is not tuned properly and is hunting for the setpoint.

£QU HM|_ServoSystem_JogStop MAS
—— Equal ] E Motion Axis Stop HCEND
Source A MotionStateControl[0] Axis Axis01 (] H(DND>—
2 € Motion Control Axis01Control. MAS[1] HER>—
Source B MotionStateControl[S] Stop Type 0 HIPY—
5 - PCY>—
A0 TCoMroTMASTTIPC] | Axis01 VeloctyStandstiStatus | MOV
[—t— Move —
I\ __________________ ,' Source MotionStateControl[4]
4 €
Dest MotionStateControl[0]
2«
Axis01Control. MAS[1].ER MOV-
} [ Move ==
Source 0
Dest MotionStateControl[0]
2 €
-
New Tag E
----———-_—_—_—~
Name: | S ystemStandStill_Window ! B | gsae | w l
o \ —
Description: ‘\\ P | Lancel l
\
\
\
!
\
\
\
s
\\ SSV-
\ .
Usage: ¢normal> v| N[ 222ctemebe e
1 [\Class Name AXxis ,
T [Base v] — \ Instance Name Axis01
2 LU IeCaun o - o "
ype:. ttribute Name VelocityStandstillWWindow
i ource ?
Alias For: 5 22
________ ——
l Data Type:  REAL 1 Q
Scope: ﬁl Servo_Mation_Mastery -
controller scope
ET--T----------,
stermna [ J
adf w o
| Access: Be ite :
[ |
- |Style. (Float ! v
e e o e e e e
[] Constant
Open Configuration




" ™ | ] FANISW 1o ¥ Wi T e W VI

- Awis01 VelocityOffset

= — Axis01 VelocityStandstillStatus

- Axis01 VelocityThresholdStatus

-
e [l [— AvialM WiatalhD GanbhrrnaAC o e

58. Intro to a Coordinated Motion

From servo CS_XY we can see how our activity is set up.

; .
’:& Coordinate System Properties - C5_XY

Gereral Geometry Units  Offsets  Dynamice  Motion Planner Tag

Metion Group: Hy TechMation bl I Mew Group...
Type: Cartesian w
Dimension: E = Transform Dimension: IE =
1| Coordinate Axiz Name Coordination Mode
] X1 HAxisV |||l - || Primary s |
1 H2 WAxiEY |||l - || Primary s |

%9 Coordinate System Properties - C5_XY

General Geometry Units Offsets  Dynamics  Motion Planner  Tag

Type: Cartesian
Transform Dimension: 0
Link Lengths
L1: |00
Lz (DO
Zero Angle Orientations
Z1; |00 Deqrees
22|00 Degees
23 0.0 Degees

% Coordinate Systermn Properties - C5_XY

General Geometry Units  Offsets  Dynamics  Mcotion Planner Tag

Coordination Units: | Coordination Units |

Axiz Name Conwversion Hatio Conversion Ratio Unitzs

Koy 1.0 f1 Position Units/Coordination Units

Azl 1.0 f1 Position Units/Coordination Units

210 |O




-l

% Coordinate Systemn Properties - C5_XY
General Geometry Units Offsets  Dynamics  Motion Planner Tag

Type: Cartesian Top View:

Transform Dimension: 0

End Effector Offsets

e (0.0
w2e (0.0
3e: (0.0
Side View:
Base Offsets
=1k (0.0 )
%2k [0.0 O l:uﬂl%ﬂi. T
ile :.._.:
=3k (0.0
L
—

% Coordinate System Properties - C5_XY =

General Geometry Units Offsets  Dynamics  Motion Planner Tag

Manual Adjust. ..

Wector

Maximum Speed: 0 Coordination Units/s

Maximum Acceleration: Coordination Units/s"2

Maximum Deceleration: Coordination Units/5"2

Maximum Aceel Jer: Coordination Units/s"3 = 100% of Max Accel Time | Calculate...

Maximum Decel Jerk: Coordination Units/s"3 = 100% of Max Decel Time | Calculate...
Position Tolerance

Actual: Coordination Units

Command: Coordination Units

L

% Coordinate Systemn Properties - C5_XY

General Geometry Units Offsets Dynamics Motion Planner Tag

Master Delay Compensation
[] Enable Master Position Filter

tazter Position Filker Bandwidth: |01 Hertz




% Coordinate System Properties - C5_KY
General Geometry Units Offssts Dynamics Motion Planner Tag
MName: |m
Description:
Type: Base
Data Type: COORDINATE_SYSTEM
Scope: ﬁﬂ Coord_Motion_Blend_Circle_Diamond_Square
Extemal ReadWrite
Access:
And our plot...

Name | General | Display | Pens | X-Axis | Y-Adis | Template

V| Display chart title
}gg.&,.&ﬂ

V| Display progress bar while loading historical data
Chart style
Standard
@ XY Plot
K-Axis pen:

CS_XY.ActualPosition[0]

Sampling | Start Trigger

Stop Trigger



RSTrendX Pr~

.
e ——

Name lGelgaraI . Display | Pens | X-Axis | Y-fxis | Template | Sampling | Start Trigger | Stop Trigger

Pen Attribute
Tag\Expr. Type Style Marker M
1 JCS_XY ActualPosition[0] Anglog [—— None 0.000C
2 |CS_XY ActualPosition[1] Analog |—————— |None 0.000(

Note that there are two pens, even in XY Plot mode they give different traces.

2ianaag

@ XY Plot
K-Axis pen:
[C5_xv ActualPosition{1] s |
CS_XY ActualPosition[0] | .
CS5_XY ActualPosition[1] ]X




59. Coordinated Motion Section

YhuisV

Add > <-- Remove

| 4 e g
lﬂw Atntute [Tag |

Coaize Upd=ie Period:

Auto Tag Update: [M———'-J

| ms {in 0.5increments.)

General Fauk Type: | Non Major Fautt  ~ |

Scan Times (elapsed time):
Max: 324 {us)
Last: 127 {us)

Now configure the axis... The X and Y axis are virtual axis.

Standard motion group.




To create a cartesian axis system... Create a new tag of type COORDINATE SYSTEM.
Coordinate System is really referring to Coordinated System.

E'E.I Motion Groups I"
: Elﬁ Mew Axis k

By | Mew Coordinate System... |

Mornitor Group Tag

Mew Tag *

Name:  £Tes7vz

Description: Cancel

Help

Uszage: <normals

Type: Baze ~ | | Connection...

Aliaz For:

‘Data Type: COORDIMATE_SYSTEM

-y

Scope: | ﬁl Coord_Motion_Blend_Circle_... -

Esternal

A ones Fead /it e

Style:

L L ]

[] Constant
[] Open COORDIMATE_SYSTEM Configuration

Coordinate System Wizard C5_YX - General

o5 TN NN R R R R R S R R Ry

P, S
{ Motion Group: Hy TechMation .. N‘qw Graoup...

Type: Cartesian o

Coordinate Axiz Name Cnnrdillatinn Mode
X AT sel| - ||Primary J | |
32 Az . | Primary/ v
-— —

|
1
|
: Dimension: E = Transform Dimension: IE =
1
|
1

- o=

\

“~

Types of coordinated systems include ...

Type:

Dimension: Aticulated Dependent

_ Aticulated Independent
0| Coordinate |SCARA Independert

0 W1 Delta

1 o SCARA Delta




The command for a circular movement is Motion Coordinated Circular Move (MCCM).

MCCM

— Motion Coordinated Circular Move

Coordinate System
Mation Control
WMove Type

Fosition
Khois\y
YAxisy

Circle Type

Direction

Speed

Speed Units
Accel Rate

Accel Units
Decel Rate

Decel Units
Profile
Accel Jerk

Decel Jerk

Jerk Units
Termination Type

Merge
MMerge Speed
Command Tolerance

Lock Position
Lock Direction

Event Distance
Calculated Data

b

CS_XY

MCCM_PATH2D _DRAWA
DrawPath[Pathindex]. MoveType
0

DrawPath[FPathlndex].Position[0]

77
s

DrawPath[Pathindex] CircleType
0

Via/Center/Hadius DrawPath[Pathindex] ViaCenterRadius[0]
DrawPath[Pathindex].Direction

0

PathSpeed
J0e

Units per sec

PathAccelTrapezoidal
200«

Units per secd

PathDecelTrapezoidal
200«

Units per secd

Trapezoidal

100.0

100.0

% of Time
TermType
1€
Disabled
Current

—(ENJ—
= DN De=
—(ER>—
= |P =

B A Je==
—(PCo—

Our motion instruction has a new
output bit, .AC. This stands for:

When you have a coordinated
move instruction queued, the
Active bit lets you know which
instruction is controlling the
motion. It sets when the
coordinated move becomes
active. It is reset when the
Process Complete bit is set or
when the instruction is stopped.



60. Coordinated Motion Section

Motion Coordinated Linear Move (MCLM)

Use the MCLM instruction to start a single or multi-dimensional linear coordinated move for the
specified axes within a Cartesian coordinate system. You can define the new position as either
absolute or incremental.

The Motion Coordinated Linear Move (MCLM) instruction performs a linear move using up to three (3)
axes statically coupled as primary axes in a Cartesian coordinate system. You specify whether to use
an absolute or incremental target position, the desired speed, maximum acceleration, maximum
deceleration, acceleration jerk, deceleration jerk, and the units of each. The actual speed is a function
of the programmed units of the speed (Units per sec, or % of Maximum, as configured for the
coordinate system), and the combination of primary axes that are commanded to move. Each axis is
commanded to move at a speed that allows all axes to reach the programmed endpoint (target
position) at the same time.

Dwells

You have the option to program a dwell using Time Based Programming in either Time Driven Mode
or MDSC Mode when a zero length move (see Zero Length Move below) is programmed. The
acceleration, deceleration, and jerk parameters are ignored when a zero length move is programmed.
Therefore, when in time driven mode, the duration of the dwell is in seconds. When in MDSC mode,
the duration of the dwell is programmed in units of Master Distance.

In MDSC mode, the dwell starts either at the Master Lock Position or immediately, depending on the
programmed Lock Direction parameter, and continues for a duration as specified in the Speed
parameter.

Zero Length Move

In Master Driven Mode and Time Driven Mode, you have the option of configuring a move with a
Slave distance increment of zero (or a move with the same target and current position). If speed is
specified in Master Units, the move remains active until the specified Master distance has been
traversed. Use this type of move to generate a dwell in a multi-segment path move.

Similarly, when you program the move time directly in seconds in Time Driven Mode, a move of the
duration of X seconds with a zero departure results in a programmed delay of the specified time.

Instructions with zero length cause velocity of the multi-axis instruction preceding the one with zero
length to decelerate to zero at its endpoint. To avoid this behavior, it is suggested that you eliminated
moves with zero length from your program.



MCLM Operand Type Format Description
I Wl
. . i Coordinate COORDINATE_SYSTEM | Tag Coordinated group of axes.
— Motion Coordinated Linear Move HCEMN— System
Coordinate System CS Xy | ..
Motion Contral MCLM F'-ATHQD DRAVM _C DM )_ Motion Control | MOTION_INSTRUCTION | Tag Structure used to access instruction status parameters.
Maove Type DrawF‘ath[F‘athIndex] MoveType
. . 0 _C ER: Move Type SINT, INT, or DINT Immediate or | Select the Move Type:
Position  DrawPath[Pathindex].Position[0] | ... Tag o = Absolute
KAz 77 =P — 1 = Incremental
Y AxisW N Position REAL Arraytag [1 | [coordination units]
SPEEd F'EthSPEEd _CAC )_ Speed SINT, INT, DINT, or Immediate or | [coordination units]
30e REAL Tag
. . R Speed Units SINT, INT, or DINT Immediate 0 = Units per Sec
Speed Units Units per sec = PC =
1 = % of Maximum
Accel Rate PathAccelTrapezoidal 4 = Units per MasterUnit
200« 7 = Master Units
Accel Units Units per gspc? Accel Rate EIENA':", INT, DINT, or _lrr:gmed\ate or | [coardination units]
Decel Rate PathDecelTrapezoidal ‘Accel Units SINT, INT, or DINT Immediate 0 = Units per Sec?
200«
- 1 = % of Maximum
Decel Units Units per sec2 4 = Units per MasterUnit?
Profile Trapezoidal 7 = Master Units
Accel Jerk 100.0 Decel Rate EIEIX[, INT, DINT, or Immediate or | [coordination units]
ag
Decel Units SINT, INT, or DINT Immediate 0 = Units per 5&:2
Decel Jerk 100.0 = o of Mimem
2
. . 4 = Units per MasterUnit
Q,
Jerk Unlt_s % of Time 7  Master Units
Termination Type TermType Frofile SINT, INT, or DINT | Immediate | 0 = Trapezoidal
1 - 1 = S-curve
1 Accel Jerk SINT, INT, DINT, I diate A t aly ite | for the A | and D | Jerk ds.
Merge Disabled e REAL S [TR T | i netruction anly uses the valuss I the Prefile operand &
configured as S-curve.
Merge Speed Current
Enter the jerk rates in these Jerk Units.
Command Tolerance 0
0 = Units per sec>
Decel Jerk SINT, INT, DINT, or Immediate or 1 = % of Maximum
Lock Position 0 REAL Tag
2 = % of Time
. ) 4 = Units per MasterUnit®
Lock Direction Maone § = % of Time-Master Driven
- 7 = Master Units
Event Distance 0 Terk Units SINT, INT, or DINT Tmmediate or
Tag Use these values to get started.
Calculated Data 0 Aceel Jerk = 100 (% of Time)
- Decel Jerk = 100 (% of Time)
-~ Jerk Units = 2

In our example the MCLM instruction uses indirect addressing for the Move Type tag. What they are doing is
changing between type 0 (absolute) and type 1 (incremental) depending on which line segment is being
calculated and drawn.

MCLIM

Motion Coordinated Linear Move —i BN ———

Coordinate System CS_xY |

Motion Control  _MCLM_PATH2D DRAW1 = DN Je==
[ Move Type DrawF‘ath[F‘athIndex] MweType =1

—_ER>—

Ij-smn? = rawlﬂ'-tﬁflj-tﬁrnan-a:?rlrsnmnm
Xy i |P T—

Y AxisY ??
Speed PathSpead i AC T—
3.0+

Speed Units Units per sec = PO e
Accel Rate PathAccelTrapezoidal

L T T T




61. Coordinated Motion Section

We begin the Run_Example_CirDSgr module by homing the two axis. Cycle Stop PB will do the same.

Example of Coordinated Motion feature, 2-axis Cartesian coordiate system X & Y.
Using MCLMiLinear) and MCCM(Circular) Motion Instructions,

to Itterate thru Data_driven Target Positions to Plot: Circle, Diamond, Square [CDSq] profiles.

NOTE: this Itterative [index] example allows for Blending between Successive Target Positions
see OnLine Help of the MCLM instruction for more details on Blending & Termination Type.

Use: Trend-> Plot_XvsY to see Graphic plot of the resultant X & Y CDSq. path

Place the Controller in RUN Mode and the sample program will Automatically Cycle
SFS TAH TAH
1 F Motion Axis Home ENZ——— Motion Axis Home EN—
Axis KhoisV | DI e Axis YhxisV [ DI ==
user_CyStart_PB Mation Control ~ MAH_X ER— Mation Control ~ MAH_Y ER>—
1 E IPo— IP3—
PC == PC o=

Once homing is complete we transition to MotionCircleDiamondSquare.

If's'c§|34's'e|3c'1&1'} MOV |
==t love

\

~~~‘~- __59:
Dest "3(4_ Scale_]
27 40
-~ 1
- 1
la’ 1
7 1
g 1
FAL —-2"——FAL t
File Arith/Logical FileArﬂh/Logica’I,/ 1 ENDs
Control Control _»” FaLs2
Length Length~” | 17 €= DN
Position _pesition 1 16
Mode Mode llALL ER)—
Dest Dest DestPath[FALS2.POS].Positipn[1]
300
Expression CircIeDiamondSquarePath[FALSZ.POS].Position[1f§c_al_e}

The FAL instructions make use of parameters FAL51.POS as an index into the path array. But what is it? Note
FALS51 is the name of the control tag.

— DestPath[1].Position b=l
DestPath[1].Position[0] 0.0

~ DestPath[1].Position[1] 2.0
DestPath[1].Position[2] 0.0

If you follow the DestPath[#].Position[#] parameter in the program tags area you’ll see that the path entries
change as you move through the DestPath[] index.



What happened here? The course rate update and the speed settings we have entered are not capable of creating
the path trace we want. Note that Termination Type directly effects the course rate update (?). Basically, the x
and y axis have to move so fast to make the speed they cannot create the trace we want.

This sample uses a Tag to select TermType=No_Settle(1
user can change this view the affects of other Termination types on resultant Path

CommandExecuting.0  CircleDiamondSquareComplete MOV- MOV- SSV-
o B 1 F Move Move Set System Value —
- T Source TermTypeSelect Source Class Name COORDINATESYSTEM
1€ 12.0 ¢ Instance Name CS_XY
Dest TermType Dest PathSpeed Attribute Name CommandPositionTolerance
1€ 12.0 ¢ Source CircleDiamondSquareCommandTolerance
[ 0.01 ¢
a .
SSV Here we use SSV to adjust the value of
Set System Value - CommandPositionTolerance for our coordinated

COORDINATESYSTEM
Instance Name CS_XY
Attribute Name CommandPositionTolerance
Source CircleDiamondSquareCommandTolerance

Class Name

axis.

The commands to here give us our path. Now we
will jJump to DrawAlongPath2D passing some

0.01¢ parameters.
Note that the blocks will not execute if PathError=T.
CommandExecuting.0 FALS1.DN FALS2DN FALS3DN FALS4DN CircleDiamondSquareComplete JSR

— e E—— ] e e e [ sss— | [e—— Jump To Subroutine

CS_XY .MovePendingQueueFullStatus
1 E

o

Routine Name DrawAlengPath2D
Input Par 17
Input Par DestPath
Return Par CircleDiamondSquareComplete

Prevents a pending move from being queued up if a
move is already taking place.



The way we tell if a move is in process is the IP bit.

MCCM_PATH2D_DRAW1.IP

i

MCCM_PATH2D_DRAW1.EN MCCM_PATH2D DRAW1.IP PathError CS_XY.MovePendingQueueFullStatus
oy - : T p— . e

[I| ' CLI_PATH2D_DRAW1.PC
MCLM_PATH2D_DRAW1.IP
MCLM_PATH2D_DRAW1.AC
MCLM_PATH2D_DRAW2.PC
MCLM_PATH2D_DRAW2.IP
MCLM_PATH2D_DRAW2.AC

= DrawF’ath l o
— DrawPath[0] } ek
+ DrawPath[0].CircleType

= [t e
. - -

~ + DrawPath[0] Direction | 0|
 + DrawPath[0]InstructionT ype | 0|
+ DrawPath[0] MoveType _ 1]
+ DrawPath[0].Position | {...}]
+  DrawPath[0] ViaCenterR adius {...}]




62. Kinetix 6000 Inputs

1/0 Connector Pinout

Table 27 - IAM/AM 1/0 26-pin (10D) Connector

10D Pin Description Signal 10D Pin Description Signal

1 Hardware enable 24V DC power supply +24V_PWR 14 ‘_Higlspeid regstreﬂ)n u\puL | REG1

2 Hardware enable input ENABLE 15 Common for registration REG_COM
3 Common +24V_(OM 16 24V registration power REG_24V

4 Home switch 24V DC power supply +24V_PWR 17 High speed registration 2 input | REG2

5 | Ho_me s?itdl_input_ - | HOME 18 (cEmonorTegisEmon_ - REG_COM
5 Teommon — +24V_COM 19 Reserved -

7 Positive overtravel 24V DC power supply +24V_PWR 20 Reserved -

8 Positive overtravel limit switch input 0T+ 21 Reserved -

9 Common +24V_(OM 2 Reserved -

10 Negative overtravel 24V DC power supply +24V_PWR 23 Analog output 0 DACO

n Negative overtravel limit switch input 01- 24 Analog output common DAC_COM
12 Common +24V_(OM 25 Analog output 1 DACT

13 24V registration power REG_24V 26 Analog output common DAC_COM

Figure 26 - Pin Orientation for 26-pin 1/0 (10D) Connector

O | -Pini8

. 71— pin9

Pin19
Pin 10—

Pin1




63. Understanding Servo Registration

Here we will look at the Motion Arm Registration (MAR) and Motion Disarm Registration (MDR) instructions.

TRN_Servo.RegEvent1Status TRN_Servo.ReglinputStatus TRN_Servo.RegEvent1ArmedStatus
T E T E '1/1" rNop}_
AE =lil: 1'C L
AGURSERYIGERINSETENE TRN Servo RegEvent1 ArmedStatus MAR
e/ [— Axis TRN_Servo | ... HENY»—]
Motion Control TRN_Servo_MAR DN =
Trigger Condition  Positive_Edge ER)>—
Windowed Registration Disabled 1P
Min. Position 0 H(PC>—
Max. Position 0
Input Number 1
TRN_Servo.ServoActionStatus  TRN_Reg1_ONS[0] MDR
1 E {ons] Axis TRN_Servo [...| H(EN)>—]
Motion Control TRN_Servo_MDR DN =
MotionGroup.GroupSynced TRN_Reg1_ONS[1] Input Number 1 ER)—
'Ill' rONs'I
FE e
TRN_Servo_MARER TRN_Reg1_ONS[2]
B I'ONs'l
m ] = o) i
1% Motion Group Properties - MotionGroup X i .
We can configure the routine to run on the event
Auis Assignment  Attribute  Tag trigger “Axis Registration 1”. TRN_Servo is the tag
R S kiR | associated with the physical axis.
; Base Update Period: - | ms(n 0.5|ncrements.): Axis Schedule
N o o o o - -
Atemate 1 Update: ms Again, our routine triggers on the registration
| Atemate 2 Update: ms event.
General Fault Type: Non Major Fault

P L AxPrg_Axis3 TR, [ .
= Task Properties; ProductTracking ! X
P L AxPrg_Axis4 J . ’,e’s,{_ --------- L)
4 ® FaultHandling_125ms General €6rfiguration Program Schedule  Monitor
> L FirstOutFault Y
4 (® MachineControl_47ms P 2
; +71 Type: Event !
b L MainProgram Al |
4 © PowerflexControl_55ms 7 | | Trigger ﬁ«is Registration 1 . vl |
__>_bL Powerfles2s o : L :
[4 ./ ProductTracking r’ LTag: ITRN-SeNO Vl,'
==74 1 Product Trackir || — - Tt T e——
& PiodudTracking [[] Execute task ff no event occurs within -~ 24.000 ms
<7 Parameters and Local Tags
‘@ MainRoutine ) re| : . .
Priority: 4 = er number yields higher pri
4 (® StateMachine_80ms [:* e PR
b L StateMachine_Main Watchdog: ms
4 (® VirtualMaster_50ms , _ .
b L VirtualMaster_MainProgram [] Disable automatic output processing to reduce task overhead r
4 Y AxTrainer_Control [ Inhibit task
<7 Parameters and Local Tags | |
‘@ MainRoutine
= Controls_Main
e - | Cancel Apply
= Control_TrainerServo Hep




Key point is that the MAR instruction has to be enabled/re-armed each time you have to use it. This arming
action tells the drive to monitor the registration bit more frequently, assigns it to a task running at a higher
frequency. So trying to use the registration input when not armed is dicy at best, could miss the signal. Arm
the MAR instruction each time you need to use it.

The MAR IP bit has to register each time you use the MAR instruction or the next time you try to use it the
function will not preform properly. Register IP, register DN, and then re-arm for next event.

64. Length Detection Example (A deeper look into Registration)

I TRN_Servo.! RegEvent1Status TRN_Servo.RegiinputStatus TRN_Servo.RegEvent1ArmedStatus

JE I E — — {NoPT—
TRN_Servo.RegiinputStatus  TRN_Servo.RegEventiArmedStatus  TRN_Servo.ServoActionStatus .‘TRN ServoEventArmed | WMAR |
| — [— 1 E *—]f_—l—— Axis ———JBN Servo .. EN—
------ Fo————= Motion Co :r-:\LIl'x‘_N_ie_rv;o_Piﬁ&, DN D=
\‘ Trigg ng#on  Positive_Edge ER}—
Bottom line: TRN_ServoEventArmed solenoid becomes energized when \ Wind ,Vpcmatrat n Disabled IP—
TRN_Servo_MAR.IP is high, meaning MAR instruction TRN_Servo_MAR N Min Ffﬂ‘ﬁ'“ 0 PC—
has been enabled/armed and is in process so energize TRN_ServoEventArmed AN rm chn -
. . . . . on
which will de-energize TRN_ServoEventArmed so MAR instruction \\ /
TRN_Servo_MAR does not get armed more than once before registeration “so 7] input number 1
is complete. L
____________ A N
. ) ( 1 T £ - 1
Once TRN_Servo.ServoActionStatus goes high the bottom rung keeps | TRN_Servo MARP | Pl Dot waiitacial
TRN_ServoEventArmed pulled in so it acts as a latch while [ S — e S g [ S J
TRN_Servo_MAR.PC is not true. TRN_Servo_MARPC | TRN_ SerquventArmed'
——:-VE——,H
. . . s L e e . e e e J
This configuration is recommended by Rockwell. =
TRN_Servo.ServoActionStatus  TRN_Reg1_ONS[0] MDR
1 E {onsT} Axis TRN_Servo [...] H(EN>—
Motion Control TRN_Servo_MDR = DN e
MotionGroup. GroupSynced TRN_Reg1_ONS[1] Input Number 1 H(ER}—
J/'E {ONs]
TRN_Servo_MARER  TRN_Reg1_ONS[2]
- Fous‘l
4 L & A
TRN_Servo.ServoActionStatus TRN_Reg1_ONS{[3]
e [——————{ ONS J=——
TRN_Servo.Reg1inputStatus EventScanned
=
/[ U
Grab the actual postion from the servo controller when MAR instruction is in Process Complete
TRN_Servo_MARPC  EdgeFoundONS GSV
] [ [ONS] Class Name Axis —
Instance HName  TRN_Servo
Aftribute Name ActualPosition
Dest RegPosition
1845.7292 ¢

Bottom rung: we get the servo position, which at this point is the registration position, when TRN_Servo_ MAR
activity is complete. We will use this value in the product tracking routine, this is an event driven task on the
registration input of the servo we are running. The idea here is we using this value in a calculation to determine
the product length (this is an oversimplified example, an actual length measurement application would be much
more involved).

uov MoV GRT
— Source RegisteredEvent_Postion1 Source RegPosttion Source A RegisteredEvent_Postion1 Source A RegisteredEvent_Postiont
1844 4082 * 18457292+ 1844 4082 % 1844.4082
Dest  RegisteredEvent_Postion2 Dest RegisteredEvent_Postion1 Source B RegisteredEvent_Postion2 Source B
1843.0863 ™ 1844 4082+ 1843.0863 1843.0863
Dest ProductLength_FromEvent
1.3218994
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Trend of the length measurement application.

TRN_Servo RegEventiStatus  TRN_Serv cRs 'Iln utStatus  TRN_Servo.RegEvent! ArmedSiatus

1E 1E s L
TRN_Servo ReglipuiSiatus TRN Servo RegEventlArmedStatus TRMN_Servo ServoéctionStatus TRN_ServoEventérmed MAR
L glinp L g | _: |
/[ i H [ H/ o Axis TRN_Servo [._| HEN
TRN_Servo_WAR [ DN -
i Pestive_Edge —ER—
3 Disabled | ]
0 HPC—
ax. Posiio o
1
TRN_Servo_MARP TRN_ServoEventarmed

]

TRM_Servo_M&RPC  TRN_ServoEventirmed ‘

=11 5 dE
illl 1 [

TRN_Servo Sﬂr I:-':tC1CI Status  TRN_Regi_ONS[0] MOR
all: e Axis TAN_Servo || HEN—
TRN_Servo_WDR DN -
Motion CIEI.I.: aml.l.w\n ed TRN_Regl_ONS[1] [ & 1 CER—
JE {ons]
THEN ~&r 0 WARER TRHN_Regi_OMNS[Z]
rj .-'I
1 E -
TRN_Servo.ServohctionStatus  TRN_Reg1_ONS[3]
il Momsd
L it
TRN_Servo.ReglhpuiSiatus EventScanned
— | — (U

Grab the actual posfion from the servo controler when MAR insfruciion is in Process Complete.

TRN ;}EI o_MARPC EdgeFoundONS
{ons] : ] fis
- TRN_Servo

ActualPosition

Des RegPosition
3181.5242)

Length measurement code. This is not the entire application. Takes position each time .PC comes on.



Condition to Start Registration Armed

Registration Waiting for Sensor
EnableRegistration Registration_Rearmed MAR
| H— Motion Arm Registration EN
Axis Axis_0 ]
Motion Control My _Registration DM
Trigger Condition Positive_Edge
Windowed Registration Disabled ER
Min. Position 0
P
Max. Pozition 0
PC
Input Number 2
Registration Armed
Watting for Sensor
My_Registration.IP Registration_Rearmed

My_Registration.EM

Registration Armed
Waiting for Sensor
Iv_Registration.PC Registration_Rearmed

RW: If your application requires rapid and continuous detection of a registration sensor, we
recommend using this logic.

65 Servo Registration Using a Photo-Eye (Real-World Design)

The modified code below more closely suits a real-world application. The registration is now part of the
mechanism, so we get consistent length even when we sow r speed the drive.

Grab the actual postion from the servo controller when MAR instruction is in Process Complete.
TRN_Servo_MAR.PC GSV
} E Class Name Axis

Instance Name TRN_Servo
Attribute Name  ActualPostion

Dest RegPosiion
7383.113 ™
TRN_Servo_MARPC MOV
] E Source RegisteredEvent_Postion1
7383113 ™
Dest RegisteredEvent_Postion2
7382116
TRN_Servo_MARPC MOV
_— Source RegPostion Source A RegisteredEvent_Postion1 |—
7383.113 - 7383.113
Dest RegssteredEvent_Postion1 Source 8 RegisteredEvent_Postion2
7383113 & 7382116
Dest ProductLength FromEvent
I 0.99658203 4
JSR
Routine Name Registration_Disarm
JSR
Routine Name Registraton_Arm |—

Improved application more closely resembling a real-world application.




Remember, event must be armed each time the input is going to fire. And every registration application will be

unique and reflect the real-world process.

66. Servo Home Failed Because a Servo Event Armed

What happens if you try to home your servo and there is an armed registration? You will get a fault. You

cannot home an axis which is in registration.

Motion Direct Commands - IF.b Servo: ", V.AH (1600393! No Error

Motion Direct Commands - TRN_Servo:8, Execution Error.MAH, (16#0022) You are trying to start a Motion Axis Home (MAH) command while running a registration.

Here is a workaround using direct motion toolbox.

Right click on axis, select Motion Direct Commands.

Select Motion Disarm Registration (MDR) from the left hand pane tree.

Select the Input Number to correspond to the number being used in the MAR instruction.

vo. RegEvcntZA!medSutus TRN_Servo_MARP TRN_Servo. Ser koonStslus
C
C

5
_.J_L—] J JL

B MGSD
R MGSR
@ MGSP
=)-(Z3 Motion Event

R MAW
R MDW
T MAR

@ MDR

vid DANGER: Executing motion command with cortroller in

Prmrram ar Rim Mada mav ~aima avie matinn

Click the Reglster button on the Motion Direct Command dialog.

fd Motion Direct Commands - TRN_Servo:9 X
Commands Motion Disarm Registration
T MAl | Ads: |TRN_Servo v|
Qe MAM
B MAG Label | Operand
@ MCD finput Number R e e

Qo MRP 1
=)-[Z3 Motion Group
Qe MGS \

TRN_ServoEventArmed MAR
/B Axis TRN Servo . +
Motion Contro! TRN_Servo_MAR ]
Trigger C ton Negative_Edge o
V Reqistration Disabled N
\ 0 L
5 0

Ifnput Nur 2)

< 7
TRN_Servo_MARIP TRN_ServoEven
w— [— r—

TRN_Servo_MAREN
JE
pu Bl =

TRN Seno MARPC TRN Scr:oE\enlArmed
i [ 3 E

Now select the MAH command in Motion Direct Command dialog and click on Execute.

Now, what is your registration position when you capture it?

I| TRN_Servo.ActualPosition

It is essentially zero.

TRN_Servo.ServoActonStatus  TRN_Reg1_ONS[0]

e — — = ONS |-

MotionGroup.GroupSynced TRN_Reg1_ONS{1]

VE fonsl
VE { ONS }

TRN_Servo_MARER TRN_Regql_ONS[2]

1E I 1
1E {ONS ]

TRN_Servo.ServoActionStatus TRN_Reg1_ONS[3]

VE rons
o A 1.ONS }

TRN_Servo_MARIP |TRN_Servo ServoActionStatus | TRN_Reg1_ONS[4]
s ) {ons’}

MDR

AXis TRN_Servo | ... |=(END)—
lotion Control TRN_Servo_MDR DN .

nput Number 2 ER)—

This code modification, and the one on the following page, fixes the problem with homing described above.



TRN_Servo_MARPC  TRN_ServoEventArmed

N L

67. Closing Comments

3 E
J U

He is discussing Advanced Servo Motion Mastery 2, a course which never came to fruition.

TRN_Servo.Reg2inputStatus  TRN_Servo.RegEvent2ArmedStatus  TRN_Servo_MARP [TRN_Servo.ServoActionStatus TRN_ServoEventarmed [WAR
- — [— ads — e — ————S— f——————— Axis TRN_Servo |...| [-CEN
Motion Control TRN_Servo_MAR DN e
Trigger Conditon Negative_Edge = ER D=
ved Registration Disabled H(P)—
Min, Posttion 0 H(PCO>—
Max. Posgion 0
nput Number 2
TRN_Servo_MARIP TRN_ServoEventArmed
1E <>
TRN_Servo_MAREN
e [ <
o o




