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MultiBelt

What is this document about?

* This documment explain in short steps how we can setup a simple MultiBelt system using specials Add-0n
Instructions, using tree wagons/trains of two applications:

e Multibelt - 3 Wagons

» Multibelt -2 Collators
Multibelt 3 wagons Multibelt 2 Collators

. Rockwell
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MultiBelt

What is this document about?

* This documment explain in short steps how we can setup and
configure a simple MultiBelt system using Add-0n Instructions,
applied of two applications:

» Multibelt - 3(tree) wagons/train

e Multibelt - 2 (two) collators

Multibelt 2 Collators

. Rockwell
PUBLIC « Copyright ®2022 Rockwell Automation, Inc. ‘ =
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Multibelt

General concepts, configuration, setup.

Multibelt - 3 wagons/train

. . . Rockwell
PUBLIC « Copyright ©2022 Rockwell Automation, Inc. s =
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MultiBelt

General concepts

« Each wagon/train must be linked with your axis/motor

PUBLIC « Copyright ®2022 Rockwell Automation, Inc. 5

Controller Organizer

=l =5

P Controller O_MAM_Multibelt
P Tasks
4 | Motion Groups
4 L Axes
<7 Belt 1
<4 Train_1
< Train_2
< Train_3
[ Ungrouped Axes
b 1 Alarm Manager
b Assets
e Logical Model
P 17 I/O Configuration

This documment does not
included specific motor
paramateres, tunning,
etc..

N Rockwell
Aultomaltion

Create Axis for
each Train



MultiBelt

Add-0On Instructions

* Import/use the Add-On Instructions/Defined > Q_MAM_P and MultiBelt_AOI

Gueued MAM Positive

1 @_MAM_P Q_MAM_Train_2
O4=

Axis Train_2

Axiz_Preceding Train_1
O

CmdPosition Train_2_CommandPosition
2770

Cmdvel Q_MAN_CmdVelocity
2000.04=

CmdAcc Q_MANM_CmdAcc
12500.04=

CmdDec Q_MAN_CmdDec
10000.04=

CmdAcclerk_PercentageQfTime Q_MAN_Acelerk
33.04

CmdDeclerk_PercentageOfTime Q_MANM_Declerk
33.04.
D4

Unwind Train_Unwind
4000.04=

Axiz_Min_Distance Train_Min_Distance
£10.04=

WMotionCoarselpdateRate_msec CUR
L
sooooooood_LINKED PARAMETERS _xoooooooaooo: 04

Mover_ip1_Follower Q_MAN_Train_1.Mover_ip1_Follower
O

In_PropagatedPositionincrement @_MAM_Train_1.In_PropagatedPositionincrement
0.04
. OPTIONS_: O

In_PositionFeedForward in_PositionFF
14

Qut_PPI 0.0
Stz_Command_Positon  67.019 =
=
—ERI—
;C( — MuttiBet_AOI
MultiBet_AOI Train_2_AQOI
_( TRAINS
ThisTrain
_TRAIN_DATA,_:
WagonSize WagonSize
100.04
NumberOfiWagons Train_NofWagons
EL ]
LoadingStationPosition LoadingStationPosition
27704
IntermediateStationPosition  IntermediateStationPosition
1200.04
UnloadingStationPosition UnLoadingStatienPosition
1580.04
_INPUT_SIGNALS 0.0
Cycle_Run StartCycle
(L]
NextWagon_Triggerinput Trigger_Product_IN
(L]
UnloadingStation_Busy Unloading_Station_Busy
(L]
UnloadingComplete UnloadingComplete:
(L]
0_MAM_Completed Q_MAM_Train_2.PC
(L)
PUBLIC « Copyright ©2022 Rockwell Automation, Inc. 6

THIS Al Handles a
simple Multibet
program in
conjunction with
Q_MAM set of
instructions

TrainCommandPosition  Train_2_CommandPosition

277.0.=

Aulfomaltion

(, Rockwell

F Add-On Instructions
B {5t Axes Fon St
P MNG_SimUpdater
P MNG_TcpClient
= B MRP2
o b & MultiBelt_AOI
b O MAM P
B = 4 Data Types
P e User-Defined
= Strings
4 G Add-On-Defined
1 Axes Fen_St
10

o0

i
o0

i
o0

MMNG_SimUpdater
MMNG_TepClient
MRP2

10
o0

i
010

MultiBelt_AOI
O _MAM P




MultiBelt

General configuration

» Each Train (Axis) must be configured and linked with your respective Multibelt_AOI

MuttiBet_A0I

- MutiBet_ADI Train_1_a01 [.]F

r ThisTrain Train_1 .|
MuttiBet_a01

1 MuttiBet_a0 Train_2_a0l [.]
ThisTrain Train_2 [...]
MuttiBet_a0I

4 MultiBet_&a01 Train_3 A0 [.] |

B o]
ThizTrain

. Rockwell
PUBLIC « Copyright ©2022 Rockwell Automation, Inc. s -
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MultiBelt

General configuration

» Each Train (Axis) must be configured and linked with your respective Q_MAM_P

Queued MAM Positive

Q_MAK_P

— @_MAM_P Q_MAM_Train_1 [ -
e MR T e 1] —
Auxis Train_1 [..]
Axis_Preceding Train_3 [.]

LITE0E AR POSVE

Q_MAM_P

H Q_MAM_P Q_MAM_Train_2 [ -

Axiz_Preceding

Queued MAM Positive

Q_MAK_P
H G_MAN_P 0 _MAM_Train_3 [...] |
e AR T e i) ]
Axis Train_3 [.]
Axis_Preceding Train_2 [...]
PUBLIC « Copyright ®2022 Rockwell Automation, Inc. 8 ' A ngmgll%on



Multi-Belt

Code Structure

NOT Covered in
this presentation

Machine
State
Manager

<

Receive Inputs from the State Manager

Send Commands to Q_MAM

).4
/.4

PUBLIC « Copyright ©2022 Rockwell Automation, Inc.

Execute Commands

Reports Feedback

9

\.4
/.<

@

Users can build application with Virtual Axes
to be virtually tested and connect it to Real

axes afterwards

Virtualization
AOI

NOT Covered in this
presentation

Virtualization
AOI

Rockwell
Aulfomaltion



MultiBelt

How it works - Concepts

Define the initial Position (0.0mm zero point), options:
e Create your home position sequence using sensor homming

» Define manually position moving the axis for position as you want and set this position to initial
position (0.0mm)
Initial Plosition

M02 Tg
|

|

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. 10 IL@ Eafggg{_!on



MultiBelt

How it works - Concepts

1-Assigna Q_MAM_P command to M02:

if Mover 01 does not move forward the Mover 02 will stand still

Mover 02 Target

Position
|

M02 MO1

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. n IL@ Eafggg{_!on



MultiBelt

How it works - Concepts

2 - If Mover 01 frees up some space, Mover 02 will proceed towards the Target Position. Mover 02 will
respect the commanded Distance from preceding Mover

Mover 02 Target

Position
|

M02 MO1

| |
Movers
minimum
distance

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. 12 ll@ Eafggg{_!on



MultiBelt

How it works - Concepts

3 - If Mover 01 moves beyond Mover 02 target position Mover 02 will stop at its target

Mover 02 Target
Position
|
|
M02
'90,

|

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. 13 IL@ Eafgggll'!on



MultiBelt

How it works - Concepts

4 - If | change Mover 02 target position during execution the instruction updates the target position

Mover 02 Prev.
Target Position

M02 mo1 | |
|
O g
|

Mover 02
Updated |
Target |
Position :

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. 14 ll@ Eafggg{_!on



MultiBelt

How it works - Concepts

5-When Mover 02 reaches the target position it stops. Mover 01is free to continue moving unless it is
limited by another mover

Mover 02 Updated
Target Position

X0W LOW rds|N
|

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. 15 IL@ Eafggg{_!on



MultiBelt

AddOn - _MAM_P

Queued MAT

* Queued: If the way to the target is not free the mover
queues until the way is free or the instructionis
disabled

. AKES 2O OR IR

- Positive: Only one direction possible e e

* Note that: e o e o=

* The target Position for the Mover is entered as Tt it
ABSO I_UTE On the Tra k. '”' 1 TZLI;H‘FEE_PARA[-]E_ERE_WH train 2 ) ﬁ:

» Subsequently the distance to be covered is turned into o
anincremental movement inside the instruction. This Tl n-PostonT

allow others Motion Commands to be superimposed

ALEIFTRVINERR AN —

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. 16 IL@ Eafggg{_!on



MultiBelt

0_MAM_P: INPUT_DATA

INPUT DATA Type Description

Axis_i AXIS_VIRTUAL  Actual Mover

Axis_ip]1 AXIS_VIRTUAL  Preceding mover

Mover_ip1_Follower BOOL Is the Preceding Mover a Follower?

Cmd_Position REAL Target Position[mm]. This Position must be entered as an absolute value. Than the
instruction turn it into a incremental position.

CmdVel REAL Command Velocity [mm/sec]

CmdAcc REAL Command Acceleration[mm/sec”2]

CmdDec REAL Command Deceleration [mm/sec”2]

Unwind REAL Trak Lenght [mm]

Axis_Min_Distance REAL Axis Minimum Distance [mm]

In_PropagatedPositionlncrement ~ REAL Propagated Position Increment from Preceding Mover [mm]

MotionCoarseUpdateRate DINT Motion Coarse Update Rate to Compensate [ msec]

In_PositionFeedForward BOOL Enable Delay Compensation

. Rockwell
PUBLIC « Copyright ©2022 Rockwell Automation, Inc. ‘ =
pyrig 7 @ Automation



MultiBelt

O_MAM_P: OUTPUT_DATA

OUTPUT DATA Type Description

EN BOOL Rung Conditions

IP BOOL Instruction in Progress

ER BOOL Instruction error

PC BOOL Target Position reached

Out_Follower BOOL This mover is a Follower. Another mover is in between this mover and the target position

Move Status BOOL The Instruction is in process and the mover is commanded with an incremental movement

Out_PPI REAL Propagated Position Increment. Each instruction look at the preceding mover to mitigate
command Position Update

. Rockwell
PUBLIC « Copyright ®2022 Rockwell Automation, Inc. ‘ =
pyrig 18 @ Automation



MultiBelt

0O_MAM_P: Cascade Links

m m

Mover i-1Command Position

Mover i Command Position

Mover i-1Propagated Position Increment

Mover i Propagated Position Increment

Mover i-1Follower Status Mover i Follower Status

Each Instance of the Q—_MAM_P instruction is linked to the previous Mover instruction to build a
cascade chain of movers status. Out_PPIl and FollowerStatus are needed to compensate delay
propagation

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. 19 IL@ Eafggg{_!on



MultiBelt

Define Stations Positions

Unload
Position

Load W.ai.t
Position

Position

. Rockwell
PUBLIC « Copyright ©2022 Rockwell Automation, Inc. s -
pyrig 20 @ Automation



MultiBelt

Define Station Position for 0_MAM

THIS AOI Handles a simple Multibelt
program in conjunction with Q_MAM
set of instructions Q_MAM

N Move Command Qued MAM Positive
I_ 0Oa d N g Train_1_AO1.Q_MAM_Cmd Q_MAM_P
. . Q_MAM_P Q_MAM_Train_1 [..] | Out_PP 0.0%
PO S I t I O n Axis_i Train_1 (o] Sts_Command_Position 2000.04 EN
Axis_ipl Train_3 [...] P
Mowver_ipl_Follower Q_MAM_Train_3.Mover_ipl_Follower ER
. . e pc
Wa I t I n g Cryg _Position > Train_1_CommandPosition Out_Follower
1580.0% MoveStatus
POSItIOﬂ > Vel D e
2000.0 4
CmdAcc a_MAM_Cmdacc
10000.0«
U N I_O a d i N g CmdDec Q_MAM_CmdDec
10000.0+
L Unwind Train_Unwind
Position a0000e
Axis_Min_Distance Train_Min_Distance
410.0
n_PropagatedPositionincrement  Q_MAM_Train_3.In_PropagatedPositionincrement
0.0%
MotionCoarseUpdateRate CUR
2%
n_PositionFeedForward in_PositionFF
14

These Position Targets
will be loaded into 0_MAM THIS AOI Handles a simple Multibelt

program in conjunction with Q_MAM
set of instructions Q_MAM

|nStrU Ction acCcco I’ding tO Qued MAM Positive Move Command

. . Q_MAM_Train_1.PC Train_1_AOLQ_MAM_Cmd
the application current U
state

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. 21 !L@ Eafggg{_!on



MultiBelt

Populate )_MAM chained parameters

* 0_MAM AOQIs need to be chained together. Every AOl needs input data from the preceding train and
passes data to the following AQO|

PUBLIC - Copyright ©2022 Rockwell Automation, Inc. 22 IL@ Eaftl)(nu:gﬂon



MultiBelt

Populate Q_MAM chained parameters 2

* Populate Axes Fields according to the number of Trains in the Application

THIS AOI Handles a simple Multibelt
program in conjunction with Q_MAM
set of instructions Q_MAM
Move Command
Train_1_A0L.0Q_MAM_Cmd

Q_MAM_P
Q_MAM_P
Aois_i

Qued MAM Pasitive

a_MAM Train 1 [...]

Axis_ipl
Mover_ipl_Follower

Cmd_Position

CmdVel

CmdAcc

CmdDec

Unwind

Axis_Min_Distance
n_PropagatedPositionincrement
MotionCoarseUpdateRate

n_PositionFeedForward

Qued MAM Paositive
Q_MAM_Train_1.PC

PUBLIC - Copyright ©2022 Rockwell Automation, Inc. 23

Train_ 1 |..J
|
Q_MAM_Train_3.Mover_ipL_Follower
(1L ]
Train_1_CommandPosition
1580.0%
Q_MAM_CmdVelocity
2000.0 %
Q_MAM_CmdAcc
10000.0+
Q_MAM_CmdDec
10000.0+
Train_Unwind
4000.0%
Train_Min_Distance
410.0%
O_MAM_Train_3.In_PropagatedPositionincrement
0.0%
CUR
2%
in_PositionFF
14

L@ Rockwell
Aulfomaltion

Out_PP 0.0
5ts_Command_Position 2000.0 4 EN
P
ER
PC
Out_Follower
MoveStatus

THIS AQI Handles a simple Multibelt
program in conjunction with 0_MAM
sat of instructions Q_MAM
Move Command
Train_1_AOLQO_MAM_Cmd
u



MultiBelt

Populate )_MAM chained parameters 3

* Populate Axes Fields according to the number of Trains in the Application

THIS AOI Handles a simple Multibelt
program in conjunction with Q_MAM
set of instructions Q_MAM
Move Command

Train_1_A0L.0O_MAM_Cmd

Qued MAM Positive

Q_MAM_P

Q_MAM_Train_1 |...

Axis_i Train_1 (o]
Axis_ipl Train_3 [...]
- we———— 8 R e 131t
0%
Cmd_Position Train_1_CommandPosition
1580.0«
Cmdvel Q_MAM_CmdVelocity
2000.0 4
CmdAcc a_MAM_Cmdacc
10000.0«
CmdDec Q_MAM_CmdDec
1 L
Unwind Train_Unwind

Axis_Min_Distance
E—

4000.0®
Train_Min_Distance

n_PropagatedPositionincrement

MotionCoarseUpdateRate

n_PositionFeedForward

Qued MAM Positive
Q_MAM_Train_1.PC

PUBLIC - Copyright ©2022 Rockwell Automation, Inc. 24

Q_MAM_Train_3.In_PropagatedPositionincrement

0.0®
CUR
P
in_PositionFF
1@

@ Rockwell .,

Out_PP 0.0
Sts_Command_Paosition 2000.04= EN
P
ER
PC
Out_Follower
MoveStatus

THIS AOI Handles a simple Multibelt
program in conjunction with Q_MAM
set of instructions Q_MAM
Move Command
Train_1_AO0L.Q_MAM_Cmd
U



MultiBelt

0_MAM Parameters

e Unwind, Axis_Min_Distance

Movers

L] .
minimum Total Track
1 Q_MAM_P Q_MAN_Train_2 |... Out_PPI 0.04 . .

. AXES._: N Sts_Command_Position  67.0194 d|Stance (mm) D|Stance
Axiz Train_2 | ... ]
Axiz Preceding Train_1 -
D4
CmdPosition Train_2_CommandPosition ]
2770 -
Cmdvel Q_MANM_CmdVelocity
2000.0 4=
Cmd&cc 0_MAM_Cmdacc
12500.0 4=
CmdDec Q_MANM_CmdDec
10000.0 4=
CmdAcclerk_PercentageQfTime T_WARN_Acclerk
330w
CmdDeclerk_PercentageQfTime 0_MAN_Declerk
330w
04
Unwind Train_Unwind
4000.0 4=
Axiz_Min_Distance Train_Min_Distance
410.0 4
MotienCeoarzelpdateRate_msec CUR
Zdm
soooooooos_LINKED PARAMETERS _xooomomooo Od=
Mover_ip1_Follower Q_KMAM_Train_1.Mover_ip1_Follower
04
In_PropagatedPositionincrement Q_MAM_Train_1.In_PropagatedPositionincrement
0.04
_OPTIONS. D4
In_PositionFeedForward in_PositionFF
| 4

PUBLIC - Copyright ©2022 Rockwell Automation, Inc. 25 !L@ Eafggg{_!on



MultiBelt

Multibelt_AOI Drive Q_MAM instruction

MultiBelt_a0I1
MultiBelt_AO

Train_1_A0I [..]

C TRA NS s s R

ThisTrain

_TRAIN_DRATA o s s 00 00 0 00

WagonSize
NumberOfWagons

LoadingStationPosition

ntermediateStationPosition

UnloadingStationPosition

w

Train_NofWagons
LoadingStationPosition

IntermediateStationPosition

UnLoadingStation

_INPUT_SIGMNALS s o o oo o oo

Cycle_Run
NextWagon_Triggerinput
UnloadingStation_Busy
UnloadingComplete

Q_MAM_Completed

StartCycle

Trigger_Product_IN

Unloading_Stati

UnloadingComplete

THIS A0l Handles a simple Multibelt
program in conjunction with Q_MAM
set of instructions

TrainCommandPesition) Train_1_CommandPosition

A 4

O 1580.0% EM
Train_1 (] P
O N
agonSize EL,
100.0%

Q_MAM_Cmd

a4

| TrainAtUnIDadinﬁtatiu-n f

277.0%

1200.0%
Position
1580.0%

-
et THIS AOI Handles a simple Multibelt

program in conjunction with Q_MAM
set of instructions Q_MAM
_

O

O
on_Busy
O

Train_1_AOLQ_MAM_Cmd

F-y

[Q_MAM_Trai n_1.pPC ]

A

3

Qued MAM Positive
— a_mam_P G,IMAMiTrainil [wa) | out_PPI 0.0

Axis_i Train_1 [.]
Axis_ipl Train 3 [u.)
Mover_ipl_Follower Q_MAM Train_3.MoveWipl Follower

O
Cmd_Position Train_1_CommandPaosition

-

Enables the unloading

device to pick up products

2000.04 |~ EN_—
—(lp—
CER_—
H PC—

—m oveStFu 5 —

Sts_Command_Position

CmdVel Q MAM_CmdVelocity
2000.0%

CmdAcc Q_MAM_CmdAcc
10000.0 4+

CmdDec Q_MAM_CmdDec
10000.0+

Unwind Train_Unwind
4000.0

Axis_Min_Distance Train_Min_Distance
410.04

In_PropagatedPositionincrement Q_MAM_Train_3.In_PropagatedPositionincrement
0.0+

MotionCoarseUpdateRate CUR
24

In_PositionFeedForward in_PositionFF
14

PUBLIC « Copyright ©2022 Rockwell Automation, Inc.
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MultiBelt

Multibelt_AOI Add-On - Application Data - Wagon General configuration

Train Data:

« Wagon Size

 Number of Wagons

* Loading Station Position
« Waiting Station Position

« Unloading Station Position

Wagon Size

|

LI LI}

Number of Wagons

THIS ACI Handles a simple Multibelt
program in conjunction with Q_MAM

MultiBelt_AOI
MultiBelt_AO Train_1_AOI [:]
CTRA S e s e e R B R O
ThisTrain Train_1 [J
_TRAIN_DrATA s 00 R 00 O O R, [a]
WagonSize Wagonsize
1000
NumberOfWagons Train_NofWagons
dda
LoadingStationPosition LoadingStationPosition
2770
ntermediateStationPosition  IntermediateStationPosition
1200.0%
UnloadingStationPosition UnLoadingstationPosition
158004
_INPUT_SIGMALS o oo o0 000 0.0*
Cycle_Run StartCycle
O
NextWagon_Triggerinput Trigger_Product_IN
O
UnloadingStation_Busy Unloading_Station_Busy
O
UnloadingComplete UnloadingComplete
(o] ]
C_MAM_Completed a_MAM_Train_1.PC
O

PUBLIC « Copyright ©2022 Rockwell Automation, Inc.

zet of instructions

TrainCommandPosition Train_1_CommandPosition
1580.0%

-7\ Rockwell
27 @ Automation

EN

IP

DN

ER
TrainAtUnloadingStation
0O_MAM_Cmd



MultiBe

It

Multibelt_AOI Add-On - Application Data - Train General configuration

THIS AQI Handles a simple Multibelt
program in conjunction with Q_MAM
set of instructions

MultiBelt_ACI
— MultiBelt_aol Train_1_A0I [.] TrainCommandPosition Train_1_CommandPosition
_TRAINS o o 1580.0% - EN
ThisTrain Train_1 [] —OIP—
_TRAIN_DATA X oo O DA
Wagonsize Wagonsize —ER
100.0% — TrainAtUnloadingstation —
NumberOfWagons Train_NofWagons — Q_MAM_Crd
44|
[ LoadingstationPasition LoadingStationPosition
277.0%
IntermediateStationPosition  IntermediateStationPosition
1200.04 |
UnloadingStationPosition UnLoadingStationPosition
158004
_INPUT_SIGNALS _ooanoood oo 00%
Cycle_Run StartCycle
O
NextWagon_Triggerinput Trigeger_Product_IN
Q=
UnloadingStation_Busy Unloading_Station_Busy
Q=
UnloadingComplete UnloadingComplete
Q=
Q_MAM_Completed Q_MAM_Train_1.PC
Q=

PUBLIC « Copyright ®2022 Rockwell Automation, Inc.
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MultiBelt

MultiBelt_AOl: Input Signals

Input Data:

« CycleRun
Comes from Machine State handler. Enables the
Multibelt Cycle. Transition from 0 to 1 Reset ER bit

* Next Wagon trigger Input
On atransition from 0 to 1triggers the movement of the
train to the next position when loading products

*  Unloading Station Busy
Unloading Station is not accessible (i.e. Robot isin).
Train will stop at waiting station

* Unloading Complete
Unloading is complete. Train can exit the Unloading Area

* Q-MAM_Completed

O_MAM instruction has completed its current task

THIS ADI Handles a simple Multibelt
program in conjunction with Q_MAM
set of instructions

MultiBelt_AOI
MultiBelt_AD Train_1_AOI [:] TrainCommandPosition Train_1_CommandPosition
_TRATINS o R N K L] 1580.0%
ThisTrain Train_1 []
_TRATN_DOATA e s s R R RN MR L]
WagonSize WapgonSize
1000«
MumberOfWagons Train_Nofwagons
qd4m
LoadingStationPosition LoadingStationPosition
2770
ntermediateStationPosition  IntermediateStationPosition
12000
Unloading5tationPosition UnlLoadingStationPosition
CINPUT_SIGMNALS s o 0 a0 0 00
Cycle_Run StartCycle
(il
MextWagon_Trigegerlinput Trigger_Product_IN
(il
Unloading5tation_Busy Unloading_Station_Busy
L]
UnloadingComplete UnloadingComplete
ol
Q_MAM_Completed O_MAM_Train_1.PC
(ol

PUBLIC - Copyright ©2022 Rockwell Automation, Inc. 29 !L@ Rockwell

Aulfomaltion

EN

1P

DN

ER
TrainAtUnloadingStation
a_MAaM_Cmd



Multibelt

MultiBelt_AOl: Output Signals

THIS ACI Handles a simple Multibelt

Gt L panna

MultiBelt_aAOI
MultiBelt_AD Train_1_AOI E]
CTRAINS s 00 s 00 0 0 B R O
ThisTrain Train_1 (]
_TRAIN_DATA s s o w00 0 O
Wagon5Size WagonSize
100.0%
NumberOfWWagons Train_NofWagons
44
Loading5tationPosition Loading5tationPosition
277.0%
ntermediateStationPosition  IntermediateStationPosition
1200.0%
UnloadingStationPosition UnLoadingStationPosition
1580.0%
_INPUT_SIGMALS s s s s s K 0.0
Cycle_Run StartCycle
ol ]
NextWagon_Triggerinput Trigger_Product_IN
ol ]
UnloadingStation_Busy Unloading_Station_Busy
(ol ]
UnloadingComplete UnloadingComplete
o] ]
Q_MAM_Completed a_MAM_Train_1 PC
o] ]

program in copd L
of instructions

Output Data:

TrainCommandPosition Train_1_CommandPosition

1580.0% EN
IP
DN
ER

TrainAtUnloadingStation

Q_MAM_Cmd

™ -

y .

PUBLIC « Copyright ©2022 Rockwell Automation, Inc.

Train Command Position

Send position target to the 0_MAM AQI

EN
Instruction is enabled
IP
Instruction is Active
DN
Parameters are compatible with Instruction
ER

Function Error. Error is cleared on a transition of Cycle_Run
InputfromQto 1

TrainAtUnloadingStation
Tells the Machine state manager the train is ready to be
unloaded

0_MAM_Cmd
Send Motion Command to Q_MAM AOI

30 L»g Rockwell
Aulfomaltion



Multibelt

Multibelt_AQI State Machine

Send Train to Train Target Position = Loading Station
Loading Station 0_MAM Command

\ 4

Is Train at Loadind
Station ?

\ 4

Wait for the product
to be loaded

¥

0_MAM Command Completed

Next Wagon Trigger Input

PUBLIC « Copyright ©®2022 Rockwell Automation, Inc. 31 !L@ Eafggg{_!on



Multibelt

Multibelt_AQI State Machine

¥

Move Train to Next
Wagon Loading
Position

L 4

Loading Completed? N of Products = Number of Wagons

\ 4

Is the Unloading
area no accessible?

Train Target Position = Loading Station + n*Wagon Size
0_MAM Command

Unload Area Busy

‘ Note that: Areais not considered busy if occupied by another train.
0_MAM handles this.

PUBLIC - Copyright ©2022 Rockwell Automation, Inc. 32 !L@ Eafggg{_!on



Multibelt

Multibelt_AQI State Machine

‘ N of Products = Number of Wagons

Move Train to waiting
position/unloading
position

\ ¢

Is train at unload 0_MAM Command Completed
position ?

g

Unloading
completed?

¥

Train Target Position = Waiting Position/Unloading Position
0_MAM Command

Train at unloading position

Unload Area Busy

PUBLIC - Copyright ©2022 Rockwell Automation, Inc. 33 !L@ Eafggg{_!on



Multibelt

Multibelt_AQI State Machine

4

M ove T ra i N to Train Target Position = Loading Position
|Oad|nd pOS|t|0n 0_MAM Command Completed

‘

PUBLIC - Copyright ©2022 Rockwell Automation, Inc. 34 E‘ za Eaﬂ)‘n‘qgll':on



Multibelt

Simulation video example

Rockwell

PUBLIC « Copyright ®2022 Rockwell Automation, Inc. A -
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Multibelt

Permormances using 0_MAM

» Using Q_MAM to perform step moves introduces some delay when a follower is waiting for the leader
to move out of interference. In particular we are interested in evaluate the time delay taken by the
first wagon of the following train to replace the last wagon leaving the loading position

Product on infeed
belt

-

. Rockwell
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Multibelt

Some thoughts about it

Performances of a Multibelt using )_MAM instead of a combination of Moves+Gear are slightly lower, in
particular when replacing train at loading station

This can be anissue in very demanding application where a “traditional” programming may be preferred
Using 0_MAM to program a Multibelt system dramatically lower complexity of code:

« 0_MAM instructions takes care of reaching target positions without collisions.
* No need to evaluate trains state or position to lock/unlock gear

» Restarting the cycle after an event is easy to program, as you just need to resend the 0_MAM
command to the last position loaded

* Increasing or reducing the number of trains involves only modifying the chained parameters for the
O_MAM instructions
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Application using multibelt with two
collators

Multibelt - 2 collators
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General mechanical conpects

One axis controls 2 collators.

 Motor/Axis1 controls Collators_1

* Motor/Axis2 controls Collators_2

Collator_1
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Multibelt

Hardware Arquitecture

2198-HO040-ERS 2198-HO040-ERS
CompactLogix L36ERM Collator1 Collator2

h h

I,

MPL-B430P-M

I,

MPL-B430P-M

Ethernet/IP

Rockwell
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Multibelt

General conpects

« Each Collator must be linked with your respective physical axis/motor. We used a virtual axis to
facilitate testing and commissioning

I S T N S
l LUTILTONET WITYanieeT

=l =5

Axis_1-

¥ Contraller MultiBelt_2Caollators
<1 Controller Tags
Controller Fault Handler
Power-Up Handler
4 Tasks l
b (5 MainTask (5 ms)
P o7 MoticnEventTask PrincipaIIPhysicaI

Unscheduled AXxis
4 Maotion Groups

4 g hxes o
<4 Collator_1_AP |«
<5 Collator 1 AV

4 Collator 2_AP |«

Ungruup‘?d Axes

v

Virtual Axis

v
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Multibelt

Add-0On Instructions

* Import/use the Add-On Instructions/Defined 2 Q_MAM_P and MultiBelt_AOI

Axis

CmdPosition

Cmdvel

CmdAcc

CmdDec
CmdAcclerk_PercentageOfTime

CmdDeclerk_PercentageOfTime

_DATA

Unwind

Axie_ Min_Distance

MotionCoarselpdateRate_msec

WMover_ip1_Follower

Q_MAM_Collater_1

UL ]

Collator_1_AW |...
Collator_2_AW | ...

O

Collater_1_CommandPosition

333.3754

Q_MAM_CmdVelocity

T00.04m
Q_MAN_Cmdacc
2000.04=
0_MAM_CmdDec
1800.0 4=
Q_MAN_Acclerk
10.04
Q_MAN_Declerk
10.04
D=
Collater_Unwind
2667 .04

Collator_Min_Distance

GE0.0 4
CUR

24

D=

Q_MAN_Collater_2.Mover_ip1_Follower

Oda

In_PropagatedPositionincrement Q_MAM_Collator_2.In_PropagatedPositionincrement

. OPTIONS.
In_PositionFeedForward

Out_PRI
Sts_Command_Position

0.04

Odm
in_PositionFF

Tdm

004

333.3754%

PUBLIC « Copyright ©2022 Rockwell Automation, Inc.

MultiBet_AQI
MultiBet_2a0I
_TRAINS_;
ThisTrain
_TRAIN_DATA_
WagonSize

NumberOfWagons

LoadingStationPosition

Intermediate StationPosition

UnloadingStationPosition

_INPUT_SIGHALS: ;
Cycle_Run

NextWagon_Triggerinput

UnloadingStation_Busy
UnloadingComplete
TrainCommandPosition

0_MAK_Completed

Collator_1_A01
(4
Collator_1_AN | ..

(4=
WagonSize

1111254
Collator_NofWagons

=L
LoadingStationPosition

0.0 4m
IntermediateStationPosition

1000.0 4=
UnLoadingStationPosition

Z000.0 4

0.0 dm
StarnCycle

(4
Trigger_Product_IN

(4=
Unloading_Station_Busy

(4
UnloadingComplete

(4=
Collator_1_CommandPosition

333375
Q_MAMN_Collater_1.PC

[} 4

-7\ Rockwell
h2 @ Automation

4 Assets
r Add-On Instructions
P MultiBelt_a0|
P O_MAM_P
4 Data Types
Bl User-Defined
= Strings
4 e Add-On-Defined
Hi MultiBelt_adl
fh Q_MAM_P
Pl Predefined
P e Module-Defined

Configure the paramaters
according your
application data..



Multibelt

Add-On Q_MAM_P

* 0_MAM_P blocks are linked with your respective virtual axis

4 ps

0_MAN_Collator_1
4=

4 gy Axes

Q_MAM_P
O_MAM_P

Q_MAN_Collator_2

I Collator_2_AV i

ICDIIatDr_1_A‘~.-" | <',:':, Collator_1_AP Axis

ollator Axis_Precedin Collatog 1_AWV
e [£5 Collator_1T_AV] . ; e

CmdPosition Collator_1_CommandPosiion G} Collator_2_AP CmdPosition Collator_2_CommandPosition
333.3754= 2000.0 4=

Cmdvel 0_MAM_CmdVelocity Ka C':'”a“':'r 2 AV Cmdvel 0_MAM_Cmd¥elocity
700.0 4= 700.04

CmdAcc Q_MANM_CmdAcc e G=pie=Emd Acc
2000.04 2000.0 4=

CmdDec Q_MANM_CmdDec CmdDec 0_KMANM_CmdDec
1800.04= 1800.0 4

CmdAcclerk_PercentageOfTime Q_MAM_Acclerk CmdAcclerk_PercentageC fTime 0O _MAM_Acclerk
10.04m _ H . . 10.04

CmdDeclerk_Percentagel fTime Q_MAN_Declerk CO”ator—X_AP - CoIIator X AXIS PrInCIpal CmdDeclerk_PercentageQfTime Q_MAN_Declerk
10.04 Collator_x_AV = Collator x - Axis Virtual 10.04
O 04

Unwind Collator_Unwind Unwind Collater_Unwind
266704 2557.04

AxizMin_Distance Collator_Min_Distance Axiz Min_Distance Collater_Kin_Distance
630.0 4= 630.04

MotionCoarsellpdateRate_msec CUR MotienCoarselUpdateRate_msec CUR
24a Zdn
sooooocood_LINKED PARAMETERS :ooaoooooooe Ot sooooooood_LINKED_PARAMETERS _xoooooaoooo: UL

Mower_ip1_Follower C_KAK_Collator_2 Mover_ip1_Follower Mower_ip1_Follower C_MAK_Collator_1.Mover_ip1_Follower
O O

In_PropagatedPositionincrement Q_MAM_Collator_2.In_PropagatedPositionincrement In_PropagatedPositionincrement Q_MAN_Collator_1.In_PropagatedPositionincrement
004 0.04
. OPTIONS_ D4 - OPTIONS D4

In_PositionFeedForward in_PositionFF In_PositionFeedForward in_PositionFF
T4 1 dm
Out_PPI 004 Out_PPI 004
Sts_Command_Position 333.375% Sts_Command_Position Z2000.0 4=
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Multibelt

Add-0On Multibelt_AOI

* Multibelt_AOIl blocks are linked with your respective virtual axis

MultiBett_AOI 4 Motion Groups MultiBett_A0I

KMultiBett_A0OI A gy Pxes MultiBet_AOI Collator_2_A0I

—TRAINS._ ' < Collafor_1_AP —TRAINS_60000000000000000000000p000 B
hisTrain Collator_1_AWV A hisTrain Collator_2_AV | ...

_TRAIN_DATA_ oiae (&g Collator 1_AV | _TRAIN_DATA_ T

WagonSize WagonSize <& Collator_2_AP WagonSize WadonSize
1111254 ¢ & Collator 2 AV | 11.1254m

NumberQfWagons Collator_MofWagons 4 NumberQ fWagons Collator_NofWagons
Sum Sum

LoadingStationPosition LoadingStationPosition LeadingStationPosition LeoadingStationPosition
0.04m 0.04m

IntermediateStationPosition  IntermediateStationPosition IntermediateStationPosition  IntermediateStationPosition
1000.0 4= . . - 1000.0 4=

UnloadingStationPosition UnLoadingStationPosition Collator_x_AP = Collator x - Axis Principal UnloadingStationPosition UnLoadingStationPosition
2000.0 4 Collator_x_AV = Collator x - Axis Virtual 2000.0 4
_INPUT_SIGMALS. 0.04m _INPUT_SIGMALS. 0.04m

Cycle_Run StartCycle Cycle_Run StartCycle
[dm [dm

MNextWagon_Triggerinput Trigger_Product_IN NextWagon_Triggerinput Trigger_Product_IN
0= 0=

UnloadingStation_Busy Unloading_Station_Busy UnloadingStation_Busy Unloading_Station_Busy
0 4m 0 4m

UnloadingComplete UnloadingComplete UnloadingComplete UnloadingComplete
[4m [4m

TrainCommandPosition Collater_1_CommandPosition TrainCommandPosition Collater_2_CommandPosition
3333754 2000.0 4=

@_MAM_Completed @_MAM_Collator_1.PC O_KMAN_Completed Q_MANM_Collator_2.PC
0= 14m
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Multibelt

0_MAM_P

e Data

Q_NAK_P
O_NAN_P 0_MAN_Colator_1
O
Axis Collator_1_aW
Axis Preceding Collator_2_ AW | ...
O
CmdPosition Collater_1_CommandPosition
3333754
Lmdvel U_MAM_CmdWVelocty
T00.04=
CmdAcc Q_MAM_Cmdacc
2000.04
CmdDec W_WMARN_UmdDec
1800.0 4
CmdAcclerk_Percentagel fTime 0O _MANM_Acclerk AL
100
CmdDeclerk_PercentageOfTime Q_MAN_Declerk
10.04=
a ] D4
Tnwing Collator_Unwwing|
2567 .0
Axiz_Kin_Distance Collator_Min_[hstance
G30.0 =
MotionCoarsellpdateRate_msec CUR
Zdm
woiooooood_LINKED PARAMETERS s O
Mowver_ip1_Follower Q_MAKN_Coliator_2 Mowver_ip1_Follower
O
In_PropagatedPositionincrement G_MAM_Collator_2.In_PropagatedPositionincrement
0.04
. OPTIONS_: D4
In_PositionFeedForward in_PositionFF
14
Out_PPI D04
Sts_Command_Position 333.375 %
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Multibelt_AQOl

 Collector Data parameter

MultiBelt_A0l
MultiBelt_AOCI
_TRAINS_

Collator_2_A0QI
0 4=

ThisTrain

TOmamr_e_ oW

Wagonsize

WagonSize
111.125 4

NumberGfvia gons

Collator_M uﬁNaguns

[ 4=

5.

LcadingEtﬂticnﬁ'cs'rticn

LoadingStation Posttion

0.0 4

IntermediateStationPosition

IntermediateStationPosition

1000.0 4

UnloadingStationPosition

UnLoadingStationPosition

FOCHD . (0 4

Cycle_Run

NextWagon_Triggerinput

0.0 4m
StartCycle

04
Trigger_Product_IN

0=

UnloadingStation_Busy
UnloadingComplete
TrainCommandPosition

Q_MAM_Completed

_nloading Siation BHusay

[ 4=
UnloadingComplete
0 4=

Collator_2_CommandPosition

20000 4=
Q_MAN_Collator_2.PC
] 4m
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Multibelt

Gear Master/Slave Axis

* Don't forget to create the Gear sequence between Master and Slave axis in your program using MAG-
AQI (Motion Axis Gear). The Axis need to be gearing before start control.

MAG | MAG
Slave Axis Collator_1_AP |.. Axis Principal Slave Axis Collator_2_AP
Master Axis Collator_1_AN |.. it Master Axis Collator 2 AW
Motion Control Control MAG[1] ] 0 KMotion Control EDI’ITFDLM["!'{G[E] a
Diirection 0 Lirection 1]
Ratio 1 Ratio 1

¥ ¥
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Simulation video example

[Emulator] - Log Designer - O_MAM_Multibeit in Tecnor_Muttibelt_04.ACD [1756-187€ 33.11)"

File Edit View Search Logic Communications

‘vt M8 o

¢ 0 Ensegy Swrage OK

q 7 Path EmulateEthemet\192.168. 1. 171Backplane\7*

Tools Window Help

vi% % B

e %0

b NoEdts 2 | Redundancy

110 Nt resee Rem Run B2 o Forces
v 0 x
4 % Controller Q_MAM_Multibelt A

@ Controller Tags
Controller Fault Handler
Powser-Up Handler
4 o Tasks
4 @ _01_MainTask (5 ms)
4 1, Main_Program
@ Parameters and Local Tags
3 Main
_00_InitVar
_01_MultiBeit
_02_Simulation
4 ./ _03 MotionEventTask
4 5 Main_Motion_Prg
@ Parameters and Local Tags
B Main_Motion_Rtn

Unscheduled
4 @ Motion Groups
4 g Axes
< Train 1
@ Train_2
Ungrouped Axes
b 4 Alarm Manager
4 Besete v
Type Ladder Diagram
Description
Program Main_Program
Number of Rungs 9

P Type here to search

Main_Program -_01_MultiBeit®

Enable_WukBek_A0
==

Enable_WuliBer_AOI
= ==

% %0

g (3

=

MOU HUH AMD OR  XOR MNOT SUPB CLR BTD

Favortes Add-On  Alarms Bt

Train_Nofiagons

LoadingStationPostion
£500.04
IntermedaieStatonPastion Intermediate StationPostion
60004
UnLoadingStationPoston

Nextwagon_Trggeriput

UnbadngStaton_Busy

Unioading_Staton_Busy
0w

UnbadngCompiete

UnbadngComplete
0w

amCommandPy Train_1_CommandPoston
1200.04

Q_MAM_Train_ PC
0

-

TmeriCounter  kputOutput  Compare

MutiBet_AO!
tiBet_A Train_2_AOI

Train_2
[]

VisgonSize

Communication Software: FactoryTalk Linx

X XOOOCTO0TK 0w

Rung 1 of 4

Compute/Math  Move/Logical

1€ B v

Home | Amange  Visualzation  «CAD Is The Mode!
k I T M Fing Z .J oL
# Find Next = s visual Studic  o°
Select INavigate Text Edit Custom
“Fied| - Propertes W Enable Debug
Editing
@rx
Searc Q
-
P Note @ Explore = Hierarch  Catalog
e Q*rx
[ [ i B
| Level of Detail A
Direction Arrow 1 0 %
Show Floor True
Show Supports | True
v
Ambient Light [l Gray
¥ Mechanisms
Mechanisms Tim/ 0.01s
v Misc
Natve Obje
~ Native
Native Type Narr!
v Offsets
 AlignOffset  Om.0m.Om
¥ Bacte et 15m.0m.15m Y
Align Offset
o || Add this a5 3 world offsat to any align
operation using & control point or axis rest..

FPS: 2500 ~ Speect 100/ 1.00 = Sae: 1015x831 = 3 Default Display ~
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Multibelt

General final notes

* The purpose of this document is to show in general steps how to implement and configure code using
special Add-Ons (Q_MAM_P, Multibelt_AQI) to control multibelt systems. This document is not a

manual to implemment a multibelt systems.

e This document requires a previous Studio5000 motion knowledge and Kinetix configurations

* 0_MAM_P and Multibelt_AOIl are Add-Ons created especially for multibelt controls and do not belong
to any special library
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