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Using Motion Analyzer

About This Hands-On Lab

This lab introduces you to Rockwell Automation’s motion sizing and system analysis software,
Motion Analyzer. The software allows you to enter information about the moving axes of your
machine (the load and the actuator that is moving it) as well as your required move or cycle profile
in order to select the appropriate servo motor and drive combination. Motion Analyzer additionally
allows machine designers to optimize their machine design using advanced analysis tools.

You will enter the information for (3) common types of mechanical actuators and search for a valid
motor and drive combination for each. The following sections explain what you’ll be doing in this
lab session, and what you will need to do to complete the hands-on exercises.

What You Will Accomplish In This Lab
As you complete the exercises in this hands-on session, you will:

= Learn how to use Motion Analyzer software

» Learn what type of information is required by the software

= Gain exposure to the advanced analysis and optimization tools in Motion Analyzer
Who Should Complete This Lab

This hands-on lab is intended for individuals who:

=  Would like to learn more about sizing motion systems

=  Would like to learn more about using Motion Analyzer software

Lab Materials

For this Hands-On lab, we have provided you with the following materials that will allow you to
complete the labs in this workbook.

Hardware

This hands-on lab uses no hardware.
Software

This hands-on lab uses the following software:

= Motion Analyzer V4.4 (available for download at www.ab.com/motion)
Lab Files

*= This hands-on lab requires no additional files.

= A “Motion Application Data Checklist” document is provided for reference. Print this file to
gather the required information for each axis of motion and use it when working with Motion
Analyzer on your next motion system.
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Document Conventions

Throughout this workbook, we have used the following conventions to help guide you through the
lab materials.

This style or symbol: Indicates:

Words shown in bold italics Any item or button that you must click on, or a menu name

(e.g., RSLogix 5000 or OK) from which you must choose an option or command. This will
be an actual name of an item that you see on your screen or
in an example.

Words shown in bold italics, An item that you must type in the specified field. This is
enclosed in single quotes information that you must supply based on your application
(e.g., 'Controllerl") (e.g., a variable).

Note: When you type the text in the field, remember that you
do not need to type the quotes; simply type the words that
are contained within them (e.g., Controllerl).

The text that appears inside of this gray box is supplemental
information regarding the lab materials, but not information
that is required reading in order for you to complete the lab
exercises. The text that follows this symbol may provide you
with helpful hints that can make it easier for you to use this
product. Most often, authors use this “Tip Text” style for
important information they want their students to see.

Note: If the mouse button is not specified in the text, you should click on the left mouse button.

Horizontal Lead Screw
axis called a Traverse.
Typically takes product

from assembly belt to 1
case for packing. DALY

Vertical Lead Screw
axis. Typically lifts
product from assembly
belt for clearance and
lowers it into case for
packing.

Product Index
Belt. Typically
takes product

cases out of

assembly to
shipping area.

Fig.1 Typical Pick and Place Machine
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Lab 1: Sizing a Belt Driven Actuator (20 minutes)

This lab session addresses the sizing and selection of (3) different axes of motion:

= A belt driven indexing conveyor
= A horizontal lead screw actuator
= A vertical lead screw actuator

A Pick and Place machine example (see Fig. 1) will be the source of data for each of the labs. Pick
and Place machines are used in the consumer products industry for a wide variety of product
transfer applications. The machine typically takes a product or products from machines such as
wrappers, cartoners or fillers, and places them into a case, which then is ready for palletizing or
shipment.

About This Lab

In this lab, you will use Motion Analyzer to select a servo motor and drive for the Pick and Place
machine’s Product Index Belt. You will:

= Learn how to navigate in Motion Analyzer software
= Setup Motion Analyzer’s default values to suit your needs
= Create a new application

= Enter the required data for the Product Index Belt application

Follow the steps below to complete Lab Section 1.

Navigation in Motion Analyzer Software

1. Open Motion Analyzer sizing software by double-clicking on the shortcut in the upper right
corner of the desktop.

B

Mation
Analyzer

2. After reading the terms, select | Agree and press the OK button.

Welcome to Motion Analyzer \g\

E Rockwell

Automation

This product selection aid has heen developed for the use and &
convenience of customers of Allen-Bradley industrial

automation controls and factory assemblies. Because of the
variety of available products and their uses, those responsible

for product selection, application and use must independently
satisfy themselves that all necessary steps have been taken to
ensure that any suggested product selection or configuration,

ag well as each anticipated application or use, meet all

necessary pefformance and safety requirements, including any
applicable laws, requlations, codes, and standards

Rockwell Automation reserves the right to change the features
or characteristics of this tool and its products at any time
without notice. All WARRANTIES OF ANY KIND ARE HEREBY .,

i Agredl " | Decline

B bR
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3. A selection screen will open:

Please make your starting selections from the following :

Open an existing application

Select an application fram the list helow and press Ok
Open an existing

(s S
application

Location : C:'\Program Files'Motion Analyzer'S Browse

Create a new _— \
=
application — : /[Thls list depends
Kinetix 2000.mba ( Motion Analyzer )

“ on what you
Kinetix G000 (230vh.mba { Mation Anahzer) / y

Kinetix 5000 (480v).mba { Mation Anakzer ) have on your
Kinetix 7000 AC Line.mba { Motion Analyzer) computer as well
Kinetix 7000 DG camman bus.mba { Motian Analyzer ) as what location

MPAS.mba ( Motion Analyzer )

¥ S ULTRA 1500.mba { Mation Analyzer ) is pointed to as
ULTRA 3000.mba { Motion Analvzer ) e defined above.
< >

N ok | ea

4. Your choices are defined as follows:

= Open an existing application — Open any file created in the listed directory. Note: You will see
the listing of any file created in the default directory. To look into another directory simply use
the browse function.

= Create a new application — Start a new Motion Analyzer file.
= Setup — For the new application file, change the user information, units of measurement and
operating limits.

Setting up User Defaults

5. Click on the Setup button and notice that there are (3) selections available.

Please make your starting selections from the following :

Setup
You can perform the following Application related
-~ Open an existing activities
application
" Set Application Operating Limits
- Create a new " Enter User Infarmatian
application

" Set Application Default Units

Exit

Using Motion Analyzer V4.4 (Rev 2.01)
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6. Select Set Application Operating Limits.

Options g]
Operating Lirnits I User Information] Units of Measure]
Motor taotion Analyzer
Maotar Capacity

Feak Yelocity :

Feak Torque :

Inertia Ratio {Max) :

Drive

=

Drive Capacity :

=

T

Average Current
Feak Current
Bus Yolts :

Shunt Power

=

Gearbox
Peak Input Velocity :

RMS Torgue :
Feak Torgue :

Mominal Speed :

All values are percentages of the rated values .

Help K Cancel | |

i

The automatic selection process is affected by the limits entered in this table. Each of the
motor/amplifier/gearbox variables listed in the table is a percentage of the rated values listed. The
idea here is to choose operating limits based on the reliability of the data that is entered. Think of
this page or table as a safety factor when selecting a combination. Keep the numbers as shown.

If entered data (load, transmission, profile and environment information) is absolutely
reliable, these limits could all be set to 100% utilization but we all know that some
information may not be totally accurate or we may encounter some unknowns during
the implementation of the application.

= “Peak Velocity” and “Bus Volts” are the most easily defined so keep these
numbers at 90% or higher.

=  “Peak Torque”, “Peak Current” and “Average Current” are less reliable so keep
these numbers at 80%.

=  “Winding Temperature” is the most sensitive to errors so 80 % would be normal.

Using Motion Analyzer V4.4 (Rev 2.01)
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7. Select the User Information tab. Your information may be entered here so that your name,
email, phone number and company name will automatically appear on any reports. If you are
preparing this system for another user (your customer, for instance), another screen will prompt
you for their information when a system report is generated.

Options [‘S_<|

Dperating Limits ~ User Infarmation l Units of Measure I

Organization : ||

Name'|

Address 1: |

Address 2 |
ZIP
City : Postal Code :
Contry:
State: oum
Phane :
Fis

E-Mail : |

Help QK. | Cancel |

8. Select the Units of Measure tab.

X

Options
Operating Limils] User Information  Units of Measure ]

" U.S / English " Custom

Selected Units :

Linear Distance : |mm A Mass @ |ka h
I mrn il
Diameter Inertia : |kgm? =
Velocity ; [mmsec v
s Farce : |M ~
Acceleration : |mmisect :"
Targue © |Mem -

Angular Distance © |rev -
Powsr © |wats 7|

Angular Welocity | Pm -
Angular Acc. . [emisee ] Time : |sec =
Density - [kam™s =] Temperature m
Lead : [mmier =] Inclination: [deg =]

Torgue Constant : [Nmaa - Damping constant : |Mm/rad/se: »

Help Ok | Cancel

Using Motion Analyzer V4.4 (Rev 2.01)
4/30/2008 Page 12 of 67



9. Change the default units to U.S./English and select OK to save and exit.

Options g|

Operating lells] Ul ser Informiatigg—eHt 83 ure]

" Metric FYEnsiam
Selected Units :

Linear Distance ; |in - Wass - b =

i in -
Diameter Inertia : |lbein-s* -

Yelocity  |infsec >
Farce : |Ibf -

Acceleration : |infsec® ¥
Targue : |lbin =

Angular Distance ; |rev =
Power : |watts -

Angular Welocity © |rpm <
Time : |sec -

Angular Age, © |Emises ¥
Density © [bfin"2  « Temperature |°F -
Lead : [infew - Inclination: |rad -

Taorgue Constant © |lbinds - Darmping constant : |le-inskipm

P
Help Q’Tll) Cancel | |

Creating an New Application

10. Select the Create a new application radio button. Enter “Pick and Place Example” for the
Application Name, Kinetix 6000 for the System Family and increment the No. of Axis to “3.”
Select OK.

Please make your starting selections from the following :

Mew Blank application
Enter the application’s requirements.

Open an existing
application

Application NarRe : | Pick and Place Example

- Create a new
application

W : | INETI BO0D

 Setup

No of axi

oK | Exit

Using Motion Analyzer V4.4 (Rev 2.01)
4/30/2008 Page 13 of 67



11. The System View screen displays our (3) axis system. At this point, minimal information is
shown. As we proceed with our sizing exercise, additional information will populate this screen.

At the end of the sizing exercise, information such as motor and drive part numbers, actuator
types, etc. will be viewable from this screen.

System View Mot Complated | Product Family : KINETIX 6000 @
) i 3
AxisNo.:0  Axis Name A TSR ST Q Ty
= E}‘_ = APPLICATION DATA
3

Axis Ho. : 1 Axis Hame B

= Ef_ L APPLICATION DATA

Axis Ho.:2 Axis Hame C

= Ei g APPLICATION DATA

Add new Axis

12. To begin entering data for an axis, click on the Application Data button.

Axis Ho. : 0

i =

APPLICATION DATA

13. The Axis Data page displays basic setup options for the axis.

Axis Data - Axis Name A Product Family : KINETIX 6000

= Axis Setup l % Cycle Profile ] % Mechanism l ¥ Transmission Stages l Selection

Load type : = Linear " Raotary o

Actuatoer type : @ User Defined Actuator e Ellon By it o
Linear Stage

&

Voltage Selection
Supply Type : I W AC 3 phase r

oltage Type & Single " Range

1}
*Narinal Yoltage: SelectVoltage - Tolerances %
i’ @ Voltage Help

Motor / Drive Parameters : Max Ambient 104 LS Altitude: |0 ft
Integral Holding Brake:  Yes &~ No
Axis Name : Fuis Mame A

System Notes :

& *Indicates mandatory field(s) (g Help

Using Motion Analyzer V4.4 (Rev 2.01)
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On this page, you choose whether your axis is linear or rotary, and whether the axis is built from
user-provided components or one of Rockwell Automation’s MP-Series Integrated Linear Actuators
or Stages. The voltage (or range of voltages) that will be provided to the drives is defined here, and
you can enter a typical ambient temperature or altitude for the motor’s operating environment. If
your axis requires a (factory only) holding brake, you can make this selection here. Finally, this is
where you can give the axis a meaningful name.

14. At the bottom of the screen, click on the area marked System Notes. This is where you can
enter important information about the system, or keep track of assumptions that were made in
the sizing process. This data will be printed on the system report and it will remind you that
these assumptions need verified. It is not uncommon to have missing data during this process.

System Notes :

Keep good notes herg!

15. Let’s get started entering information about the belt indexer axis.

There are (7) steps to sizing a motion application in Motion Analyzer. They are:
(1) Determine application preferences

(2) Specify the machine’s cycle profile, or worst case move

(3) Specify load type

(4) Specify actuator type

(5) Specify transmission stage(s)

(6) Search for a suitable motor/drive combination for the application

(7) Select shunt (if required) and system module (for Kinetix 2000/6000 drives)

Let’s follow the (7) steps outlined above to enter our application data.

Using Motion Analyzer V4.4 (Rev 2.01)
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Entering the Belt Indexer Information

16. Here is the data that was provided for the belt indexer axis:

/ = Package weight (i.e. total weight on belt at any one time) = 5Ibs. \
* Belt Actuator:

= Belt Weight = 3 Ibs.
= Drive Rolls, Quantity (2):

= 4" diameter

= 24" long

* Rolled Steel

= Motor Coupling Moment of Inertia = 2.6g-cm”2

k = Move 10" in 1 sec. and dwell for 1 sec. /

17. Fill out the Axis Setup data for the Belt Indexer as shown below. Our plant has 460Vac and
the system operates in an 80 degree (F) environment.

Axis Data - Belt Indexer Product Family : KINETIX 6000
¥ Axis Setup l = Cycle Profile ] = Mechanism ] ¥ Transmission Stages ] Selection ]
Load type : @+ Linear \Rotary -
R e ] & User Defined Actuator SAllen Bradley Integrated ~ Allen Bradley Integrated bt .
type Linear Actuatar Linear Stage
WVoltage Selection
Supply Type © r W AC 3 phase r
oltage Type : f* Single " Range
- |10
*Nominal Voltage: Tolerances %
il '° @ Voltage Help
Motor / Drive Parameters : max Ambient a0 °F Altitude: |0 ft -
Al Holding Brake: O Yes *+ No
Axis Name : Belt Indexer

Using Motion Analyzer V4.4 (Rev 2.01)
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18. The tabs across the top lead you through entering the required data. The green check mark
means that you have completed a tab and the red “x” indicates that more data is needed. Move
on to the Cycle Profile tab.

Axis Data - Belt Indexer. Product Family : KINETIX 6000

e Cycle Profile % Mechanism ] ¥ Transmission Stages ] Selection ]

19. Our required cycle profile is a simple point to point move (move 10” in 1 sec. and dwell for 1
sec), so we are going to use the Indexing move profile. If the profile had more moves, changes
in speeds or changes in loads/forces, we would need to use the MultiSegment entry. Click on
the Cycle Profile Data button.

Select Indexing or Multi Segment mode to enter Cycle Profile data

Please select the cycle profile mode : " MultiZegment

Cycle Profile data not available

Cycle Profile Data

20. Simply enter the cycle values as provided. We could have entered the Load Data here, but
there is a better place on the Mechanism tab for this information. We assume a trapezoidal
move profile with equal acceleration, move and deceleration times (the 1/3 rule). Notice how
the accel and decel values have been calculated for you, as well as the maximum velocity
required to achieve our move profile. Press OK when complete.

Indexing Cycle Profile EI

Type of Motion Curve : + Trapezoidal " 8-Curve % Jerk

Motion Parameters Load Data

Maove Distancé : i Enter Load data on Mechanism page.

Profile Data

Usze the sliders to adjust the Motion Profile.
Computed Parameters -

Accel Time ;. |0.33333 B0 J
—  Atrapezoidal move
ime; |033333 380 / - .
peeeTme: — profile with equal
Max Velocity: |19 infsec acc_el, move and decel
periods.
Accel Rate: |49 infsec 1
r
Decel Rate ;|49 infsec ' \ '

Help OK | Cancel ‘

It is important to include your dwell time in the cycle profile, because the software
assumes that the move is performed over and over with no stopping. The dwell tells
the software to factor in resting periods for the thermal modeling of the motor and
drive. You may end up with a motor and drive larger than you need if you omit this
dwell period.

Using Motion Analyzer V4.4 (Rev 2.01)
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21. The cycle profile should appear as shown.

Select Indexing or Multi Segment mode to enter Cycle Profile data

Please select the cycle profile mode : v Indexing

" MultiSegment Cycle Profile Data

1
Time { sec )

22. Click on the Mechanism tab to continue.

v Axis Setup } ¥ Cycle Profile gansmission Stages ] Selection
Load Data- Applied to the whole prof

b = Inclination: & 0"
IbF

a0

Mass :

1}
Force (Applied +=) ;|0
0

Motion —4 LOAD +— Ppplied
Coeff of Friction :

Gravity Force
" Others 0 rad '

[Applies to Load and Table Mass)

Actuator Type: |Belt Drive -
weight of Load + Table
Drive Roll Inertia: |0 Ib-in-&* ldler Roll 4 Inertia : Ib-in-g* Motion —3 LOAD | e— Applied Force
-
Drive Rall Diameter - [o in “ldler Rall 4 Diameter

- Frickion Surface
C—
Idler Roll 2 Inertia : ,n— [ Tahle Mass ln— I
—
—

in 1dler Roll 2 P

Diarneter of Rall Belt

rvive Rall Idler Rall 4

Idler Rall 2
*
Idler Roll 2 Diameter: |0 in Belt Mass
Idler Roll 3 Inertia: [0 b-in-g* Losses

]

‘—Motor + Transrissions + Gearbox

Losses (Rotary] = Roll + Other losses (2xncept Table Friction)

" Typical Co-efficients »

Idler Roll 3 Diameter: |0 in « Lubricated Metal Ways = 0.20 ( 0.1 - 0,25
= Ball Slides = 0,01( 0,001 - 0,01)
= Teflon / FTFE = 0.05(0.03-0.05)

23. This tab includes extremely helpful diagrams of the different types of actuators supported by
Motion Analyzer. The actuators are selected from the pull down menu for Actuator Type.
Notice how the input parameters and the diagram change for each type of actuator. Helpful

values for terms like coefficient of friction are included as well.

Wweight of Load + Table

Actuator Type:

Belt Drive

Motion —3 LOAD l(-AppIied Force
Friction Surface
Idler Roll 3

Idler Rall 2 e

Drive Roll Iner{Lead Screw
Chain & Sprocket
Rack & Pinion

*_ .
Ciriwe B oll Diame e ITT

Diarmeter of Roll

rive Roll

Idler Raoll 4,

rﬂ*—Motor + iss earbox

Losses [Rotary) = Roll + Other lazsses (encept Table Friction)

Typical Co-efficients s

= Lubricated Metal Ways = 0,20(0,1-0.25)
= Ball Slides = 0.,01( 0.001-0.01)
= Teflon / PTFE = 0,05 0.02 -0.05)

Using Motion Analyzer V4.4 (Rev 2.01)
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We have (4) Actuator Types; Belt Drive, Lead Screw, Chain & Sprocket, and Rack & Pinion. The
four actuator diagrams are as follows:

Actuator : Belt Drive Actuator : Chain & Sprocket

Wweight of Load + Table Wweight of load + Table
Thiust —3  LOAD l Thrust —— LOAD l

Friction Surface Friction Surface
Idler Rall 2 Tdler Sprochet 2 i | TABLE R A i Idler Sprocket 3

4

Diameter of Rall —_ / PCD of sprocket \—Chain

Idler Roll 2—f

Drive Roll

4
Joonn Drive Sprocket

iﬁ »»"’é 113

& Motor + Transmiszion + Gearbaox Idler S|:|vr0cket 4
Motor + Transmiszions + Gearbox

Losses (Rotary) = Roll + Other losses (except Table Friction) Losses (Rotary) = Sprocket + Other losses (except Table Frictian)
= Lubricated Metal Ways = 0,20 (0.1 - 0.25) = Lubricated Metal Ways = 0,20 (0,1 - 0,.25)
Typical Co-efficients ) = Ball Slides = 0.0l (0,001 - 0.01) Typical Co-efficients » = Ball slides 0,01 (0,001 - 0,01)

* Teflon / PTFE 0,05 (0,03 - 0.05) * Teflon / PTFE 0,05 (0,03 - 0.05)

Actuator : Lead Screw Actuator : Rack & Pinion
Motor + Transmiszions + Gearbox
\ s

Weight of Load + Table

Weight
Thrust ———3  LOAD rew of Load + Table

SRR
e Fiiction Surface Thrust—3 | LOAD

Friction Surface

Lead = distance moved per turn

Lo =L i k + pini tie,
Inertia = Inertiz of leadscrew + bearings + nut s oEses in ras pimian et

Pre-load = torque to rotate screw at zers spead dus to besring % nut pre-loads PCD = Pitch circle diameter (lass than OD)
= Lubricated Metal Ways = 0,20 (0.1 - 0.25) = Lubricated Metal Ways = 0,20 (0.1 - 0,25)
Typical Co-efficients ) = Ball Slides = 0.01 (0,001 - 0.01) Typical Co-efficients » = Ball slides = 0,01 {0,001 - 0.01)
= Teflon / PTFE = 0.05 (0.03 - 0.05) * Teflon / PTFE = 0,05 (0,02 - 0.05)

24. Select the Belt Drive Actuator Type for our application.

25. Locate the Load Data section. Using our axis data, enter a Mass of 5 Ibs. to account for the
weight of the packages on the belt. Since our drive rolls are typically made with roller bearings,
we can use the coefficient of friction for a Ball Slide, which is listed as 0.01. You should add
this to your list of items to be verified in the System Notes if you are not sure. Leave the
Inclination angle at (0) degrees since we'’re working with a horizontal axis.

Load Data — Applied tothe wehole profile

Inclination: & Gravity

Force (External +i-) an®
External

Force

¢ Others |0 rad

MOtion ———p LOAD fme

Coeff of Friction : | 0.01

Using Motion Analyzer V4.4 (Rev 2.01)
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26. In the Actuator Type section, enter a Belt Mass of 3 Ibs. and a Drive Roll Diameter of 4”.
The software automatically enters this same diameter for Idler Roll 2, 3 and 4. Here is a
reminder of how the rolls are arranged:

Idler Roll

41\ ,

Drive Roll
on motor
end

Actuator Type: |F_|e|t Dirive j

waight of Load + Table

Ih-in-s* Idler Raoll 4 Inertia : |0 Ib-in-5* Mation —3 LOAD l(—Applied Farce

Friction Surface

Drive Rall Inertia :

“Drive Roll Diameter: [4 in “\dler Roll 4 Diameter : |# in Idler Roll 2 R IR GElE
Diarmetar of Rall Belt
Idler Roll 2 Inertia: |0 |h-in-== Tahle Mass : |0 b ve Rl s Rl 4
* y;
Idler Roll 2 Diameter: |4 in Belt Mass : |3 4] B
—Motor + Transmissions + Gearbox
Idler Rall 3 Inettia : -in- Lasses :
° f-in-<2 Losses (Rotary) = Roll + Other losses (eucept Table Friction)
* Typical Co-efficients »
Idler Raoll 3 Diameter: |4 in » Lubricated Metal Wways = 0.20(0.1-0,25)
= Ball slides = 0.01( 0,001 -0.01)
» Teflan / PTFE = 0.05(0.03-0.05)

27. Motion Analyzer includes helpful inertia calculators to aid in the process of finding the total
inertia of simple or complex rotating objects. Click on the Inertia Calculator button next to the
Drive Roll Inertia box.

Actuator Type: |EEI1 Drive j
Drive Roll Inettia: |0 lo-irds )
"Drive Roll Diameter |4 |in j I

The Inertia Calculator tool lets us model the rotating object as solid or hollow, based on the weight
or the size of the material and can even model a composite load made of many types of material
layers, or sub-components.

28. Our Drive Roll is a solid hunk of steel, so select the Solid Cylinder radio button. We don’t
know the weight of the roll, but the tool can model a steel object based on dimensions, so select
the “Density, Length and Diameter” button.

Object
Sub Component No. << | 1 of 1  *¥
Sub Component Type

* Salid Cylindsr D" Hallow Cylinder

Calculate Using
™ Mazzfweight and Diameter

+ Denzty, Length and Diameter

Using Motion Analyzer V4.4 (Rev 2.01)
4/30/2008 Page 20 of 67



29. Enter an Outer Diameter of 4” and a Length of 24”. Finally, use the drop-down menu to
select Rolled Steel for your Material.

Input Parameter :
Outer Diamet 1] (o}

| Material : | Rolled Steel

Sub Component No.: 1

Compute . ;
SubComponent Inertia: |0 [Er-jf-2

Delete

\1

i

Total No. of Components 0 Total Inertia : |0 Ibvit-s* |

30. Click the Compute button. The software calculates the total inertia (j) for this component. If we
had additional components, we could move to the next sub-component. Click OK to exit.

Sub Component No.: 1
J SubComponent Inertia: |0 43766 [Er-ir-s
Delete |
Total No. of Components 1 Total Inertia : |0.43766 IEvir-5* G\D Cancel |

31. Your Drive Roll Inertia should be as follows:

Drive Roll Inettia :  |0.43766 |b-in-5= |

32. Since the Drive Roll and Idler Roll are the same geometry and material, simply copy and paste
the Drive Roll Inertia value into the Idler Roll 2 Inertia field. You don’t need to fill in anything
for the remaining idlers, since this axis only has (2) rolls. If you have more idlers than the (4)
provided, note that you can simply add the inertia values together and enter the total in one of
the spaces provided.

Drive Roll Inertia:  |0.43766 Telioes
“Drive Rall Diametar: |4 in *Id

Idler Roll 2 Inertia C [0.43765 Ib-in-s=

*
ldler Roll 2 Diameter - [ in
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33. Your Mechanism tab should look as follows:

¥ Axis Setup ] v Cycle Profile

Load Data- Applied to the whole profile

Mass: |3
Force (applied +-) ;|0
Coeff of Friction : | 0.01

[Applies to Load and Table Mass)

¥ Mechanism l ¥ Transmission Stages ] Selection
b Inclination: @ 0®
Ibsf " ag®

" Others 0 rad

Actuator Type:—|Belt Drive -

Drive Roll Inertia :  |0.43766

“Drive Roll Diameter ; 4
ldler Roll 2 Inertia : 043766

‘Idler Rall 2 Diameter: [4
Idler Rall 3 Inertia @ |0

*
Idler Roll 3 Diameter :

—

lh-in-5= Idler Rall 4 Inertia : [0 lb-in-==
. #*

in Idler Roll 4 Diameter :
lh-in-s=
in BeltMass : |3 b
lb-in-g= Losses: [0 Ib-in

Tahle Mass

in

Motion —3 LOAD — Applied
Gravity Force
. ACTUATOR

Weight of Load + Table

— Applied Farce
Friction Surface

Motion —3 LOAD

Idler Roll 2

Diameter of Roll

rive Roll Idler Roll 4

E\—I\‘1cvtcn' + Transmizzions + Gearbox

Losses [Rotary) = Roll + Other losses (except Table Friction)

Typical Co-efficients »

» Lubricated Metal Ways = 0,20(0.1-0.25)
= Ball Slides = 0.,01(0.001-001)
= Teflon / PTFE = 0,05 0.03-0.05

34. Move to the Transmission Stages tab. This tab allows you to enter the mechanical information

for any rotating devices connected between the motor shaft and actuator. Use the drop-down
menu to view the (4) available models and their associated diagram. A helpful Compute
Model is also provided for each to aid in entering the required data.

Transmission 1

Transmission :

Compute Model

Ratio :
Inertia: |D
Efficiency : 100

Friction Torgue

[lb-in-s* ~]

0 Ib-in

Transmission 1

Transmission :

Compute Model

Ratio
Ineria; |D
Efficiency : 100

Friction Torgue

[lb-in-s= ~]

%

0 Ik-in

Transmission 1

Transmission

Compute Model

Spur Gear
Ratio :
Ineria : |D
Efficiency 100

Friction Targue :

—

[l-ins= =]

Ib-in
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35. Select a Coupling for our system, as mentioned in the machine data section.

Transmission 1

Transmission

Ratio

Inertia :

,7
|u

Efficiency o
’7

Friction Torgue ;|0

Coupling must he chosen carefully to avoid backlash and provide a high degree of stiffness.

36. We see that the motor coupling has a moment of Inertia = 2.6g-cm”2. This would come from
the coupling vendor’s data sheets. Carefully change the units first, using the drop-down menu,
and then enter the value. Doing this in the wrong order converts the value. The closest unit to
the one we need is kg-cm”2, so we will have to convert.

Transmission 1

Transmission :  |Coupling ~|

Fatio :

Inertia : |EI Qg-c@

37. Enter 0.0026 for the converted Inertia value.

Transmission 1

Transrission - |c.;.|_|p|mg j
Ratio :

Inertia : kg-crn®

Finding a Valid Solution

38. We have finished entering the application data and now we can select a motor and drive. Move
to the Selection tab.

Azis Data - Belt Indexzer

'f .ﬂ.HiS Setllﬂ 'f c}l’Cl& prﬂﬁle 'f MECllallism fTra"Sl“iSSiO" Stages l @
Load Data- Applied to the whole profile

This tab allows us to set our selection preferences. We can specify whether to include or exclude a
gearbox. We can specify which motor families to include, even down to the frame size of the motor.
By default, the MPL Series motors are chosen. These motors are fine for most applications.
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39. Press the button to Show the Solutions within the Maximum Inertia Ratio (load to motor
mismatch). We will exclude solutions above 10:1 in order to insure system stability. This is a
concern when trying to position accurately.

¥ Axis Setup ] ¥ Cycle Profile ] ¥ Mechanism ] v Transmission Stages Selection l
Motor Type : * Motor " Motor with Gearbox " Allen Bradley Integrated Gearmotor
Gear Parameters Motor Parameters

Manufacturer Max. Ineria Ratio | 10

(" Show All Solutions

in the Max. ineriia Ratio:

v Show the Solution

Caonfiguration | J
Series:  MPLB

Series: Frames : All {150,200,300,400... Change
Frames : Q

Database Search Options:  Full " User Marked

Please choose the mode of selection :
Manual Automatic

Motor - o Currert Selection :
Drive - o Currert Selection :

Select Manual to choose your Components.

A Ly
Select Automatic to have Motion Analyzer select for you. View Load Graph ‘ C\ Search ‘

40. If you had special requirements for your motor (food grade or wash down environment or if you
just had a size and space restriction), you could direct Motion Analyzer to choose from a
different set of motors. Click on the Change button next to the motor Series.

¥ Axis Setup ] ¥ Cycle Profile ] ¥ Mechanism ] v Transmission Stages Selection l
Motor Type : * Motor " Motor with Gearbox " Allen Bradley Integrated Gearmotor
Gear Parameters Motor Parameters

Manufacturer : Max. Inertia Ratio : 10

" Show All Solutions (v 4

Caonfiguration | J
Series:  MPL-B Change

Series: Frames : All {150,200,300,400... Change
Frames : Q

Database Search Options:  Full " User Marked

Please choose the mode of selection :
Manual Automatic

Motor - o Currert Selection :

Drive ) i

Currert Selection :

Select Manual to choose your Components.

A Ly
Select Automatic to have Motion Analyzer select for you. View Load Graph C\ Search
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41. Here you can see the other choices that are compatible with our 460Vac Kinetix 6000 drive
family. We will not be changing our selection. Press OK to continue.

= 1326AB motors are chosen for medium inertia applications.
= MPC motors are not available.
= MPF motors are the food grade version of the MPL motor.
= MPL motor(s) are the most commonly used motor. They are great for low inertia applications.
» MPS motors are the Stainless Steel wash down rated version of the MPL motor.

List of Motor Series :
0132648
OwuPcE
O wFF8
[# MFPL-E

OmPLSE
OwPs &

Unzelect Al

Cancel ‘

42. A helpful tool provided in Motion Analyzer is the View Load Graph feature. If you are having
trouble finding a valid motor and drive combination with the automatic search tool, it may be that

your solution requires too much torque or speed than the selected motors can produce. Click
on this button to see our requirements.

Load Analysis EJ

The raph shows the simple application Speed and Torgue BEFORE a motor
fgearboxis applied. Use the sliderto apaly a gear ratio.

5 y = All Seg s g wiise| | Show RMS Torque

Segment Number - 1A > { Critical Segment }

- pa
4 = G

".."ier:\w Load Graph ‘ |:>
gy

. -
= w =

Torque (f-in)

Speed (rpm )

Gearbox Ratio Quadrant
|
J

12 3 4 5 B 7 & 39 1010

" Single " Four

@ Torque Seaments Currently Selected Seament

43. It seems that our required speed (RPM) is very low, considering that these motors can go up to
5000-6000 RPM. The torque does not seem high, so we will try to proceed. Press Return to
close the tool.
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44. With the selection mode set to Automatic for the motor and the drive, press the Search button.

Please choose the mode of selection :
Manual 4~ Automatic TN\

Motor i / {s \ Current Selection :
Drive » \ o / Current Selection :

\v/

Select Manual to choose your Components . N
y o View Load Graph ‘ (_'{ Search

Select Automatic to have Motion Analyzer select for you.

45. Wait while the software searches for all valid solutions (based on your preferences).

Search In Progress k

Mation Analyzer is searching the suitable solution for this axis. Click 'Abort’ to abort the
search.

46. Motion Analyzer displays the list of viable motor and drive combinations. The list can be sorted
in a variety of ways, based on your needs, and the color codes indicate whether a parameter
exceeds your “safety margin” setting or exceeds the capacity of the product (usually when
manually chosen). The motors displayed are actually quite large, due to our high inertia.

The selected axis has 13 solutions. Select the desired solution fram the list below and click Yiew Solution to view its perfarmance
List Categories by - |winding Temp j View Utilizations as©  Text  (+ Graphical
Sol State | Motor Drive ‘M+D Cost ‘ General Rating | Performance Rating | Peak Speed | ‘Winding Temp Al Peak Torg
. MPL-BAE0E 2094-BM05 T | I I [ | 3% 23w [ ]
@ mrLBaROB 2094-BM03 D | I ] | | 0 7% 23w
. MPL-BIE0C 2094-BM03 P | I I [ | [ 59 -23% [
@  mpLBIEOD 2094-BM03 P | I I [ | 45%)] 23w [
@ mpLBIROB 2094-BM03 P | I I [ | [ | -23%]
@ mpLBeROD 2094-BM05 [ I I [ | 45%)] 23w [
@ mrLBEROC 2094-BMD3 [ 1 I [ | [ 5%]| 239 |
. MPL-BBE0D 2094-BM03 [ I I | | 4] NEC |
{(Zy  MPL-BEBOD 2094-BM03 [ R I . [ | 4%] 23w [
. MPL-BI800 2094-BM03 D | I I [ | 4] 27w [
@ wrLBamOC 2094-BMD3 D | ] I [ | [ 5%]| 229 |
; Z  MPL-BEEOF 2094-BM03 [ BE | I I [ 1T 2% 2z [ ): )
iew Categories [ Pass (@) ¥ Caution (2) [ Near Fail (3) [ FarFail )  Solution View Setup [, View Solution

Solution List

Depending on the preferences selected for the ‘max. Inertia ratio”, or "Show all Inertia” or "Show the solutions within the max. inertia ratio’, it is possible to be
presented with solutions which seem unreasonable. Howewer if the user is just doing a first pass analysis it is reasonable to use the "Show the solutions within
the max. inertia ratio” and expect a large quantity of failing results.

This screen surmmarises the results of an automatic search with colour codes to indicate status:-

Colour State Status HMeaning
] Pass | All parameters passed
2 Caution | One or more parameters exceeded the recommended limit
@ but the solution is viable provided all customer data is
accurate
3 Near | One or more parameters exceeded 100%. The solution is
o Fail not viable as entered but may respand to optimisation (e.g.
changing gear ratio, reducing load requirement etc.)
) Far Fail | One or more parameters exceeded 500%. Optimisation is
o unlikely to bring the solution into viability but should be
considered 3 ‘last resort’.
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47. Let's sort our solutions by cost in ascending order. Click on the M+D Cost (motor and drive)
column as shown below. 100% is defined as the highest priced solution. All of the solutions are
listed as solution state value of 1 or passing (green). Slide the lower scroll bar to view the
other operating parameters (or any offending values in the case of a solution state other than 1).

The selected axis has 13 solutions. Select the desired solution from the list below and click VYiew Solution to view its performance.

List Categories by : |M+D Cost ﬂ Yiew LHilizations as : (" Text * Graphical
Sol State | Motor Drive M+D Cost 4| General Rating Performance Rating Peak Speed Winding Temp Peak Torg *
MPL-BEBOF 2094-BM03
Iy  MWPL-BESOD 2094-BM03 [ RE | | | | 4% -23% [
{Z)  WPL-BAESOF 2094-BM03 [ e | | | .| 2% 279 [
@ wPLB3EID 2094-BM03 [ [ | [ | 4% -23% [
. MPL-BBE0C 2094-BM03 [ [ | | |0 5%] 23w [
@ wPLB3BOD 2094-BM0DS [ [ . [ [ 4] 23% [
@ wPLBIEIC 2094-BM03 [ | [ . [ |1 5% -23% |
@ wPLBIEID 2094-BM03 I | [ | [ | 4% 23 [
@ wrLBae0E 2094-BM03 I | [ | [ . %] 23%] |
@ wrLBas0E 2094-BM03 ] | [ | [ | O 7 %] -23% |
@ wrLBas0D 2094-BM03 D | [ | [ | 4% 279 [
@ wPL-BaZOC 2094-BM03 I | [ [ [ ] 5%]| 27% il
< >

First, you will only want to look at solutions with a Solution State of “1” because that
indicates no criteria failed, or is within the safety margin. Then you will most likely
want to pick a solution that has the best cost or inertia ratio. When you consider the
inertia ratio, you ideally would like to minimize it but that is always based on how
much bandwidth you really need in the application. If it is a point to point move
where some overshoot can happen, you could possibly go 10:1 or less and probably
be ok. Ifitis a high bandwidth requirement such as something that does contouring,
etc., you try to match it lower, say 3:1 or less. Ideally, you try to match the motor
rotor inertia to the load so that they act in unison.

If you look at the drive, you will want to make sure the peak currents/torques are
below 80% since any type of loss or friction that is not accounted for may mean the
difference from doing an acceleration and deceleration. Motion Analyzer is only as
good as what you enter into it. If you look at the motor, you will want to make sure
Motor Winding Temperature less than 60% to make up for losses or friction that was
not accounted for.

Bus utilization of the drive is next important because if it is exceeded, then there isn’t
enough DC Bus to spin the motor at the required V/1000rpm that the application
needs. Peak Velocity in the motor section tells you what the motor can and can't do
based on the input voltage. If the bus utilization is too high, then the motor can not
make that move. Many times you need to increase the input voltage, if you can or
change to a different motor winding or in the long run, change the cycle profile and/or
work with the mechanics.

You can also tell a lot from the speed torque curve. If you are seeing a lot of torque
required but only at very low speeds, some kind of reduction may help to improve
that situation. Generally, it moves the points down and to the right because the
motor generates less torque but requires much higher speed.

For motors that have a low rpm and high RMS torque, you will want to consider a
gearbox.
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48. Highlight the first all green solution in the list and click on View Solution to see its
performance.

49. The bar graphs for this motor and drive combination are all green, which is good. Since most
of the values are extremely low, it looks like this motor was chosen strictly based on the high
inertia value of the drive rolls. The “64%” is from our 10:1 limit (6.4:1 is 64% of 10:1).

Component Details
Summary l Mator | Drive | Transmission |
Motor <| MPL-B860D | > |
Motar Capacity (Tempy | 0%
Peak Speed ] 406
Peak Torque ] 250
Ineria Ratio (6.4 ) 64%0
sz 2094.BM03 | > |
AC3ph, 460 -10%+10%
Drive Capacity Tempy W 3%
Awerage Current | 200
Peak Current | 4%
Bus Utilizatian | 390

50. Next, look at the Torque-Speed curve. Here we see that both the Peak and RMS Torque
values are within the continuous portion (the yellow lines) of the Torque-Speed curve. The
continuous portion means that the motor and drive can safely operate there indefinitely and will
not overheat. Occasionally, the torque values can spike into the Peak region, typically for
accelerating the load, but this adds to overheating the motor or drive. The software models the
amount of time the motor and drive are in the peak zone when calculating the “Capacity” values.

Axis System Performance

Torque-Speed] Load | Themal | REM |

Motor - Drive
It is usually good to maximize the
speed capabilities of the motor.
This curve shows a motor with
“wasted” speed and torque
capacity.

\

-

-
§
=]
e
2
5
g

The 4-quardrant Torque-Speed

curve shows positive and negative
motor speeds as well as positive
and negative (regenerative)

torques.

-#0

1]
=2000 -TEO0 -T200 -BOD 00 L} U] 00 T200 FE0D 2000
Speed (rpm )

Quadrant Torque

" Single ® Four| | ®Peak -~ RMS Graph Detail 'Ti}xl
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51. Although this is a valid solution, the data indicates that a gearbox would probably have been in
order so that a smaller motor and drive could have been chosen. The cost of the additional
gearbox versus the savings of a smaller motor and drive are often a wash, so this is not
necessarily a bad solution. It is actually quite common, however, to use a gearbox with a belt
type actuator.

52. To actually make this change, return to the Selection tab and Search again with an Alpha +
gearbox chosen. Also verify that the “SP+” Series is selected, as follows:

Motor Type : " Motor & Motor with Gearbox
Gear Parameters

Manufacturer ; |A|pha + j

Configuration |ALL j

Series:

Frames : Change C

53. Press Search and use your skills to select the best, low-cost solution in the list.

54. Your new lost-cost solution results might look similar to this (many possibilities are available):

Axis Data - Belt Indexer

Component Details

v Axis Setup ] ¥ Cycle Profile ] ¥ Mechanism ] ¥ Transmission Stages ]

Summary ] Mator ] Crive ] Transmission] Gearbox]

Produckt Family : KINETIX 6000

Selection Solutions l Axis Stop ]
Axis System Performance

Torque - Speed ] Load ] Thermal] REM ]

Motor < | MPL-B1520U |> | Motor - Drive
Motar Capacity Termpy IR 2200
Feak Speed 5104
Peak Torgue ] 270
Inertia Ratio { 3.8 | 3890

Ifoe 2094.BMP5 |> |

ACEph, 460 -10%+10% -~
Drive Capacity (Terngy IR 2200 g
Average Current I 1750 g
Peak Current ] 27% 8
Bus Utilization I 2000

Gearbox( 50:1) <|-|  spososmr2-50.081  |>>> |
Feak Input Welacity 60%%
RMS Torgue ] 500
15
Feak Torgue | 6% -B000 6000 -f000  -2000 0 2000 4000 6000 B000
Nominal Speed I 39% Speed (rpin)

Guadrant Torque
5 | C Singe  Four| |®Peak ©RMS Giraph Detail 'Dxl
Raﬁ.,;'?;;i:i: & Tolerance;'?:lzisgi: ___|-" Torque Analysis ‘ Lﬂv‘ Segment Data Eg Solution List | < 2 of 165 Available Solutions =

A simple gearbox now allows us to use one of the smallest motors and drives available. Why?
Because the high inertia of the idler rolls is reduced by the square of the gear ratio (502 = 2500),
while the motor speed requirement only increases 1:1 with the gear ratio. Ah, physics!
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55. There are many additional analysis tools included with Motion Analyzer, shown at the bottom
of the screen. Each one helps optimize the motor and drive selection and possibly remove
costs from the system.

é:(. Ratio,/Design i

& Tolerance /Design
Analysis

Analysis

_-I'- Torque Analysis

‘ LQ. Segment Data

‘ 1 of 126 Available Solutions

%E Solution List £

D | | Y ainge v raur Feak Fro aldpr Ledn) ;’xl | ‘|

= Ratio/Design Analysis gives great insight on what the best gear ratio (or belt
reduction ratio) may be, based on the motor and drive parameters.

= Tolerance/Design Analysis offers the ability to examine the crucial system
parameters as one system variable changes, such as line speed or product
weight.

= Torque Analysis and Segment Data help to investigate what aspect of the
system require the most torque during a duty cycle. It is often surprising where
the losses or requirements are originating.

Look for additional (advanced) labs available on these topics.

56. Return to the System View.

Pick and Place Example.mba - Motion Analyzer,

File Edit Analysis Daktabase Options To es  Help

Svskem Yiew [:-S

57. Observe all of the icons that represent our selected components. Our motor, drive (and
gearbox, if chosen) selection are even specified.

.11 Belt Indexer

i = w9 = |

Motar: MPL-B1520U
Drive: 2094-BMPS
Gearbox: SPOE0-MF2-50-0..,

@
|

Drive, motor, gearbox, coupling, belt actuator and cycle profile (shown above).

58. Be sure to save your work. Confirm any prompts and choose a location to save your file.

Pick and Place Example.mba - Motion Analyzer

File Edit Apalysis Database Options Toolbars  Axis Temp
D “W % | [ 5] W EEE Swskem Yiew
| | Nk Completed I
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Lab 2: Sizing a Horizontal Lead Screw (10 Minutes)

About This Lab

In the first lab, we gained experience with a belt driven system. Now we will work with a horizontal
lead screw axis; the Traverse axis on our Pick and Place machine. In this lab, you will:

= Use the MultiSegment Cycle Profile tool for entering complex move profiles
= Select a motor and drive for your lead screw axis

= Analyze your system choices with the Ratio/Design Analysis tool.

Follow the steps below to complete Lab Section 2.

Using the MultiSegment Cycle Profile Tool

Let's continue where Lab #1 left off. Unlike the Belt Indexer axis, this axis employs a linear actuator
to convert the motor’s rotary motion into linear motion. The application specifications are listed
below:

Horizontal Lead
Screw Actuator.

Horizontal Axis Data:

/ = Package weight to be moved =1 Ib \

» Total Slide Mass (Includes Mass of Vertical Axis) = 90 lbs
= Coefficient of Friction = 0.01 (= 1%)

= Lead Screw Specification:
Lead = 1"/rev

Length = 50”
Diameter = 1"
Material = Steel
Efficiency = 90%

= Motor Coupling Moment of Inertia = 2.6g-cm”2

k » Bi-directional move of 24” in 6 seconds overall. See cycle drawing. /
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The required Velocity Profile is shown below. This profile incorporates triangular velocity moves to
limit acceleration and reduce the peak torque requirement. Triangular velocity profiles are preferred
for point to point moves.

+24" Wove

i1 sen.

VYelocity {inisec )

1 zec. dwell 24 in M 1 zec. dwell
to drop the ;n 5 j;lec e to pick up
package. i the package.

a 0.6 1.2 1.8 24 3 2.6 4.2 4.8 54 ]
Time (sec)

The move profile is described as “moving the product to the placing point, pausing for 1 second to
drop it off, moving back to the picking point and pausing for 1 second to pick up the next product.”

1. Click on the Application Data button for the second axis.

Axis Ho. : 1 Axis Hame B

— E}i u APPLICATION DATA ‘

|

2. The Axis Data screen is shown. The Axis Setup tab has the typical default values, but the
voltage is set to 460Vac from the previous axis’ settings. Since input power is only provided to
the first Kinetix 6000 drive, all drives will have the same 460Vac rating.

Axis Data - Axis Name B Product Family : KINETIX 6000
¥ Axis Setup l = Cycle Profile ] = Mechanism ] ¥ Transmission Stages ] Selection ]
Load type : + Linear " Rotary -
T e
Actuator type : = User Defined Actuator 5 ’E:‘:e”a?r;ggeg'megfate” 3 I
Voltage Selection
Supply Type : - ¥ AC 3 phase I~
Woltage Type &+ Single " Range
- |10
*MNominal valtage: 460 ~| Talerances %
i ° @ Voltage Help

We certainly could have chosen to use an “Allen Bradley Integrated Linear Stage” rather than a
“User Defined Actuator” because the Allen Bradley Integrated Linear Stage product (MPAS) has a
position range of up to 76 inches.
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3. Change the Ambient Temperature setting to our 80 degrees (F) from before, and change the
Axis Name to “Horizontal Lead Screw.”

v Axis Setup I x Cycle Profile ] = Mechani I ¥ Tr ission Stages ] Selection ]
—
Load type : = Linear " Rotary
| S
Actuator type : & User Defined Actuatar ' r~ i:f;a?;:;glmegfamd E}l
Voltage Selection
Supply Type I ¥ AC 2 phase I~
Voltage Type = Bingle " Range
- |10
*Nominal Yoltage: 460 - Tolerances %
< | @ Voltage Help
Motor / Drive Paramgters : Wax Ambient Altitude: (0 ft

Integral HaTamg

Axis Name : | Harizontal Lead Screw

4. Move to the Cycle Profile tab.

5. Since this move profile has more than one simple point to point move, we will need to use the
MultiSegment editor. Select MultiSegment radio button and hit the Cycle Profile Data button.

CycIE Profile Data ‘

This tool offers more capabilities, but is more complicated to use. Here is our required move profile
by move segment:

Please select the cycle profile mode : € Indexing

Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 Segment 6

AL 4

+247 Move
Hrd-Ses;

Velocity (inisec)

1 sec. dwell 24 e Ml ows | zec. dwell
to drop the in? sac to pick up
package thie package.

0 0.6 1.2 1.8 24 3 3.6 4.2 4.8 54 6
Timea (sec)
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We will use the editor to place Segment 1 data here:

Multi Segment Profile

Segment Mo.

Curve Type

Jerk- % Time

Enter the paramete r this segment. Enter any two of the motion parameters and the others are automatically calculated.

Add Segment No. 1
" Linear " 5-Cune

Initial Wel.

Final \el.

Distance

Acc i Dec

External Force

Fayload Mass

Mass x- Offzet

Mass ¥ - Offset

Mass Z- Offzet

4 % Time

JD 4inisecj

JU infsec =» [ Entered Value
]D— in = [ Entered Value
Jﬂi ser = [ Entered Value
]D— infsec =» [ Entered Value
JU Ibf [~ Al Segments
]D I [~ All Segments
|D in

|o in  H

JD in

¥ Auto Compile

Payload Animation

Show Constant Load

_____j 1 | RJ Compile |4 Insert | 3 Delete | S Claar Al LErport >'_'| Import

6. Since we've decided on a triangular profile, enter the midpoint position of 12" and a time of 1
sec. To enter this data, select the “Entered Value” boxes shown below. Finally, enter a
Payload Mass of 1 Ib.

Multi Segment Profile

X

Enterthe pararmeters for this segment. Enter atw two of the motion pararmeters and the others are automatically calculated.

Segment Mo,

Cumve Type

Jderk - % Time

Add Segment No. 1

Initial Yel.

& Linear " 5- Cunve
% Time
‘U infser

Final el

Distance

Time

AN

Acc i Dec

=3 [v Entered Value

=» [ Entered Value

External Force

]U It [~ Al Segments

Fayload Mass

Mass X - Offset

D [~ All Segments

Mass v - Offset

[o in
‘U in ¥ [T Al Segment

Mass Z- Offzet

7 IRIp Camslle

FPayload Anirmation

Show Constant Load

|Q| ompile _| Insert | 3 Delete NCI&ErAII K_IExpon h Import

7. Click on the right arrow button to move to the next segment column.
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Motion Analyzer has calculated some additional parameters and is displaying segment 1 as a line
on the graph.

Sl

8. For segment 2, enter a Distance of 12", a Time of 1 sec. and a Load of 1 Ib. Then advance
to the next segment.

Multi Segment Profile rg
Enter the parameters for this segment, Enter any two of the motion parameters and the others are automatically calculated.

Stbice ! (LI | Edit Segment No. 2 v Auto Compile
Curve Type L & Linear  g-Curve )

Jerk- % Tims E % Time

Initial e, |2‘1 infsec

Final Vel, ID infsec - calculated Yalue

Distance ) |12 in = [v Enteredvalug

Time K I1 sec = v Entersd Value

Ace f Dec ‘H‘\ infsec?

External Force

IU Iiaf [~ All Segrments —
Payload Animatian |
( [1 b [ Al Segments

Payload Mass

Mass X - Offset £

Mass ¥ - Offzet o in Al its Wass Offset Diagram
Mass Z- Offzet 0 lU /-Hh\ Show Constant Luadl .
_11_! j il Q EI ):V( Compile |4 Insert | 3 Delete | (%] Clear al | "5 Export | [ Import

9. Your profile should now look like this:

L
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10. Segment 3 is our 1 second dwell or rest period. We enter this by using a zero Distance as
shown below. Move to the next segment.

)

Multi Segment Profile
Enter the parameters for this segment. Enter any twa of the motion parameters and the others are automatically calculated.

Seanieniie : : Edit Segment No. 3 ¥ Auto Compile
Curve Type [ E 5 Linear " 8- Cure N -
Jerk- % Time % Time

Initial Yel. infsec

Final Vel. infsec I Calculate

Distance in = v EnteredVa

Time sec = [v Enteredvalue

Acc fDec infsec® | Calr

External Force

[~ All Seaments —
FPayload Animatian

[~ All Segments

Payload Mass

Mass X - Offset

Masgs ' - Offzet

Show Canstant Load

3 - DJ Compile u Insert &€ Delete MCIeErAII J Export h Import

Mass Z- Offzet

[«

o T

11. The next (3) segments are basically just like the ones we just entered, only the machine is
moving back to the starting point after dropping off our package. We will accomplish this by
entering negative values for Distance and zero values for Load, as shown. Move to the next
segment.

X

Multi Segment Profile

Enter the parameters for this seament. Enter any two of the motion parameters and the others are automatically calculated.

St £ : Add Segmem No. 4 ¥ Auto Compile

G ke Ty 7 i LSl )

Jerk- % Time 1}

Initial Yel. 24

Final \el. 1]

Distance 12 = [v Entered Yalue

Titme 1 = [V Entered ¥alue

AccfDec -24

External Force 0 [ All Segments T

Fayload Mass 1 [~ All Segments

Mass K- Offzet 1}

Mass Y - Offset 0 : i y [ All Segments Mase Ofiset Diadram

Mass Z - Offset i] i Show Constant Load

Kl iJ (n@ D;?[- ompilel [ Inzart | 3 Delate l:jmearAn " Export j Import I
| -/ |
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12. Finish segments 5 and 6 using the skills you learned above. Your profile should look like this:

Time \ 1 1 1 1 sec
Acc f Dec \ =24 24 i inigec?

Enter the parametersgAar thiz segment. Enter any two of the mdXgn parameters and the others are automatically calculated,

v Auto Compile

EEEGEI 4 5 B Edit Segment No. 3

Cur\-'eTyp/ L& L& 1 inear " 5- Curve

Jetk- %/ime 1] 1] 1] % Time

Initial VB 0 24 0 o \ infsec

Final v#l. .24 0 0 [0 infsec r

Distanc -12 12 i] 1] in =» |v Entered Yalue

= [ Entered Value

-
[~ All Segments

[~ All Segments

=5

Fayload Animation

Show Constant Load

External Force i i i} |D ot
Payload Mass ﬁ“\n. il |1 b
Mass X- Offset 0 i D |0 in
Mass Y - Offset i il il |D in
Mass Z- Ofiset i i i |D in
<] |

Compile =4 Ingert Delete Clear All | |"5Export | | Import
| ~ e

Help |

0K

Cancel

13. Press OK to close the Profile editor.
14. You have completed the Cycle Profile tab.

¥ Axis Setup v Cycle Profile ] = Mechanism l ¥ Transmission Stages

Select Indexing or Multi Segment mode to enter Cycle Profile data

Please select the cycle profile mode : " Indexing

Selection

¢ MultiSeament

Cycle Profile Data

15. Move to the Mechanism tab.
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16. Enter the Horizontal axis’ Load data from our application information.

v AXis Setup ] ¥ Cycle Profile ¥ Mechanism | ¥ Transmission Stages ] Selection ] Sohrtions ] Axis Stop

Load Data — Applied to the whole profile
Gravity

Inclination : ¢ §i%

The Mass is left at ‘0’ because we  }aal
entered its value in the Cycle
Profile section.

Force (Externa

Coeffof Friction - | 0.01

(Applies to Coad S ome ess,

" Others 1]

17. Use the drop-down selector to choose a Lead Screw for the Actuator Type. Enter the known
data as shown.

e: |Lead Screw j
————

Actuator
Weight of Load + Slide

Applied Farce

Motion —3 LOAD l(— Screw

Slide Mass : ,997 b
|
Wﬁicﬁon Surface

Inertia: |0 |b-in-s*
Lead = pitch = distance moved per turn

Preload |0 -i
Ib-in Inertia = Inertia of leadscrew + bearings + nut
Pre-load = torque to rotate screw at zero speed due
to bearing & nut pre-loads

Typical Co-efficients ¢

Efficiency . | 90 %
= Lubricated Metal Ways = 0,20 (0,1 - 0,25)
= Ball slides = 0.01 (0,001 - 0,01)

* Teflan / PTFE 0,05 (0,03 - 0.05)

18. Click on the Inertia Calculator.

Actuator Type: |Lead Screw -
" Wweight of Load + Slide
Lead: |1 inirey Slide Mass : |30 Ih )
Maotion ——3  LOAD (—APDI'Ed Force Seraw

|
R Friction Surface
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19. Once again, we know the dimensions of the rotating screw. Select Density, Length and
Diameter and enter the data for the steel lead screw. Press Compute when ready.

Inertia Calculator, [gl

The Inertia Calculator computes the total inertia of multiple concentric cylinders. Each
cylinder is treated as a sub component and can be either solid or hollow.

Enter the data for each cylinder and press the Compute button to update the results.
Press OK to apply the new values.

Ohject

Sub Component No. << | 1 of 1 ﬂ
Sub Component Type

' Salid Cylinder " Hallow Cylinder

Calculate Using
" Mazs w'eight and Diameter

* Dengity, Length and Diarneter

put Parameters

Outer Diameter : |'| i} (=]
0 in Material: |Rolled Steel -
Lenath: 50 i Density - [1) 27951 Ib i

Sub Component No.: 1

# SubComponent Inertia: (0 Jb-ifr-s2
Delete

Total No. of Components 0 Total Inertia: |0 -it-22 | Cancel

20. Press OK when complete.

Sub Component No.: 1

SubComponent Inertia: |0.00356 Ib-ii-52
Delete
Total No. of Components 1 Total Inertia @ |0.00356 |Er-itr-52 OK ‘ Cancel |
J/
~—

21. Move to the Transmission Stages tab.

22. Enter the coupling between the motor and lead screw just like we did for the belt actuator in the
last lab. Be sure to set your units for the Inertia field first and then enter the converted value.

Transmission 1

Transmissio:

Ratio

Inertia :

Efficiency :

Friction Torgue : |0 -in v
! (A Coupling must be chosen carefully to avoid backlash and provide a high degree of stiffness.

23. Move to the Selection tab.
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Select a Motor and Drive

We have entered all of the known information and it is time to select the motor and drive. When
using lead screw actuators, you are not typically required to use a gearbox.

24. We will once again exclude solutions beyond a 10:1 inertia mismatch and allow the software
to automatically search for our motor and drive combination. Press Search when ready.

Axis Data - Horizontal Lead Screw Product Family : KINETIX 6000
v Axis Setup ] ¥ Cycle Profile ] ¥ Mechanism ] v Transmission Stages Selection l
Motor Type : = Motor " Motor with Gearbox " Allen Bradley Integrated Gearmotor
Gear Parameters Motor Parameters

Manufacturer : Mz Inertia Ratio

" Show All Solution:
Configuration ; | J

Series . MPL-B Change
EIEAES Frames: Al (150,200,300,400.. Change

Frames :

Database Search Options:  Full " User Marked

Please choose the mode of selection :

Manual Automatic
Motor i Icy Current Selection :
Drive - v Current Selection :
Select Manual to choose your Components:. n Oy
Select Automatic to have Motion Analyzer select for you. View Load Grap hmeamh\b
NS
v
25. Sort the list by cost (M+D Cost) once again.
List Categories by : |M+D Cost - Yiew WHilizations as : " Teyt * Graphical

‘ eneral Rating Performance Rating Peak Speed ‘Winding Temp Peak Torg

M+D Cost &

MPL-B230P 2094-BMPS

(L) MPL-B320P 20894-BMF5 [ 0% | | | | | 29%)] S |

@ wPLBazOP 2084-BMP5 [ | B | | | | 29%)] 21w | :

@ wrLBaszOP 2084-BMFP5 [ | 20 | | | | | 29%)| 20%] | :

@ wPL-BazOP 2084-BMF5 [ | S | | | | 29%)] 0% [ :

@ wPL-B4ssOF 2084-BMP5 [ | R | | | | D 4% 2z |

@ wPL-BasIOF 2084-BMFP5 [ | I | | | | D #e%] 21w |

@ wPLBas30K 2084-BMF5 [ | R | | | T 21w |

@ wPLBs20K 2084-BMP5 [ | 255 | | | | T 2z |

@ wPLB4sEOF 2084-BMP5 [ | 27w [ | | | O 4% -16% [

@ wPL-BSAD 2094-BMP5 [ | 31 | | | | | ETTA |

@ wPLBsaK 2084-BM01 e I T I | N 6% 20w | s
< >

26. You can see that the first two solutions are flagged as a Solution State 2, meaning “Caution.”
Use the scroll bars to move over far enough to see that Inertia Ratio is causing this rating. It
has exceeded our 80% safety margin.

27. Double-click on the third solution in the list, the MPL-B420P motor with the 2094-BMP5 drive.

The bar graphs are all green and the Torque-Speed curve shows continuous and peak data points
within the correct regions.
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28. The required speed and torque are actually quite low for this motor. Why didn’t the software
choose a smaller motor? You can easily review the results of other motors (or drives) using the
handy Previous/Next buttons in the bar graph area. Use the Previous button to view the
performance of smaller motors.

¥ Axis Setup ] ¥ Cycle Profile ] ¥ Mechanism ] ¥ Transmission Stages ] Selection Sohntions | Axis Stop ]
Component Details Axis System Performance
Summary ] Muator ] Drive ] Transses Torgue - Speed ] Load ] Thermal] REM ]
Wotor < | HHCHZ05 | - | Motor - Drive
Motor Capacity (Termpy I 2006
Peak Speed ] 2994
Peak Torgue | 504
Inertia Ratio { 4.1 | 41%%
Bt 2094-BMP5 |> |
AC3ph, 460 -10%#+10% ~ &
Drive Capacity (Temp) I 13% g
Average Current | T g 0
Peak Current | 14%% 8 8
Bus Utilization I 275

Speed (rpwr )

|
| .
40
| 5000 000 -3000 2000 -TOO00 0 000 2000 3000 4000 5000
|
Quadrant Torque

5 | € Single & Four| |®Peak ©RMS Giraph Detsl 'Ti}xl

29. It looks like Inertia is the reason this motor was chosen. Use the Next button to return to the
MPL-B420P motor selection.

Using the Ratio/Design Analysis Tool

This is a great solution for our existing data with plenty of safety margin. But what if there
something that we could change now (in the design phase) that would allow us to use an even
smaller motor? We mentioned that gearbox reduction is not typically required when using lead
screws. This is because the reduction comes from the screw itself. Our screw moves 1 inch for
every motor revolution. What would happen if we chose a screw that took 2 or more revolutions to
move an inch? Now we are leveraging motor velocity to gain torque and inertia reduction! We can
use Motion Analyzer’s Ratio/Design Analysis tool to find the best lead screw for our needs.

30. Click on the Ratio/Design Analysis button at the bottom of the Solutions screen.

Quadrant Torque

g " Single ' Four| | ®Peak ~ RMS Giraph Detail 'T:\fxl
1 ‘ Ls Segment Data

E:] Ratio/Design |.-' 5 S . 2
& 1 Analysis =~ Torque Analysis £ SolutionList | =< 2 of 25 Available Solutions =
Lay

Tolerance/Design
Analysis
P
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31. Choose the lead screw Lead option and press OK.

Design Analysis Options g|

Please select the options you want to optimise .

Ratio Analysis Options

~

" Transmission 1

~

Cut Length Analysis Options

~

(01,4 | Cancel |

This same tool could also be used to you assist in choosing the optimum gearbox

ratio and even a belt and pulley ratio.

32. The idea here is use the Ratio slider bar to find a solution with the lowest torque values,
without sending the other values above 100%. It looks like Bus Volts (orange) and Inertia (red)

are going to be our upper limits.

33. The graph shows that a lead of about 0.80 has the lowest values for nearly everything, but that
may not be a significant enough change to make a difference. Besides, screws are not readily
available in that lead. What about a 0.5 lead? Place the slider there and press the Apply

Selection button. Confirm the prompt to view the results.

Ratio Analysis - Lead Optimization

Motor: MPL-B420P

Shown below is the ratio analysis chart for your lication and the selected motor.

Use the option bins provided on the right to analyze variations.
Ma. Allowable Motor Speed © 000,000 rpm Transmission] Ratio: 1.000
Max. Application Motar Speed : 2868.605 rom Transmission2 Ratio: 1.000
Max Lead . 2.880 Gearbox Mominal Ratio : 1.000

O Aug Cur OPeak Cur

ez
3
i

Selected Curves ] OPeak Trq [emp Rise

Help

O Bus Yolts |

Options

Motor Parameters (%)
B ¥ Inertia Ratio [12.86
= v PeakTrg  [3ms7
B ¥ TempRise [1286

Drive Parameters (%)
B ¥ Avg Amps 1286
= ¥ PrAmps 12.86
BE= ¥ Busvalts  [12.86
—I

Limits
B Lmit
B  Mominal Ratio
BER  Available Gearheads

Graph Scale
1 Decade -

Loweer Limit: | 0.288000
Upper Limit: | 2.880000

[ e

‘4 Available Solutions
Return
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34. It looks like this change leaves us with plenty of margin for our key motor and drive values, plus
the inertia ratio dropped from 4.1 to 2.2. This indicates that a smaller motor could possibly do
the job! Press Return when complete. A full comparison is shown below.

35. The Ratio tool indicates that going below the 0.5 lead value requires more Bus Voltage than we
can provide. Press Return until you are back at the original Torque-Speed curve.

36. To actually make this recommended change, return to the Mechanism tab and change the
Lead value to 0.5 in/rev. Search for a smaller motor for this axis. It looks like an MPL-B320P
motor with our 2094-BMP5 drive are the lowest cost solution within our tolerances.

Axis Data - Horizontal Lead Screw

v Axis Setup ] ¥ Cycle Profile ] ¥ Mechanism ] ¥ Transmission Stages ]

Component Details

Summary l M atar ] Drive ] Transmission]

Selection

Axis System Performance

Solutions

Product Family : KINETIX 6000

] Axis Stop ]

Torque - Spead l Load ] Thermal] REM ]

Motor < | >
| MPL-B320P |> | Votor - Drive
Motor Capacity (Tempy I 194
Feak Speed 5890
:
Peak Targue | 5% Mator < MPL-B420P | > | .
Inertia Ratio (7.3 73%% Motor Capacity (Termp) I T :
-
. Peak Speed L] 2000 s
Dine 2094 BMP5 | > | .
ACEph, 460 -10%+10% Feak Torque | zon |n
Drive Capacity (Temp) I 9% Inertia Ratio (4.1 I |-
-
Average Current | 504 -
I L
Peak Current [ | 100 b 2004.BMP5 |>] |:
AC3ph, 460 -10%4+10% -
Bus Utilization 0L Drive Capacity (Temp) 6o |
-
| | al Average Current | 4% |
— Peak Current L 695 E
l// Bus Utilization ] 26% |
Compare with / -
. 35
results using ~ -S000 000 3000 2000 -T000 0 T000 2000 F000 J000 5000
the 1 in/rev lead Speed (rpm )
SCrew. Quadrant Torque
=] | " Single ™ Four| | ®Peak -~ RMS Graph Detail 'Ti}vxl

We could suggest to the mechanical design team that a “1/2” lead ball screw might
be a better overall solution, but either are valid solutions.

37. Return to the System View.

Pick and Place Example.mba - Motion Analyzer
Fil= Edit S

ENad= JIEAE

| Axis Data - Horizontal Lead Screw

Bnalysis Database Options Toolbs emplates

38. Be sure to save your work. Confirm any prompts and choose a location to save your file.
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Lab 3: Sizing a Vertical Lead Screw (10 minutes)

About This Lab

We've completed sizing a horizontal lead screw, so we understand what is involved with this type of
actuator. What happens when we use a lead screw in a vertical application? What are the effects
of gravity on the motor and drive? What additional considerations are we responsible for
investigating? In this lab, you will:

= Reuse axis data from an existing axis
» Edit the MultiSegment Move Profile Data
= Select a motor and drive for your vertical lead screw axis

= Analyze the system using the Shunt Analysis tool

Follow the steps below to complete Lab Section 3.

Reusing Existing Axis Data

If you've already created an axis of motion similar to your current axis in Motion Analyzer, you can
easily copy and paste the data as a quick starting point. In this section of the lab, you will use the
axis data from the previous lab (the horizontal lead screw) as the starting point for sizing the vertical
lead screw axis.

Vertical Lead
Screw Actuator.
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Vertical Axis Data:

/ = Package weight to be moved =1 Ib \
= Total Slide Mass = 50 Ibs

= Coefficient of Friction = 0.01 (=1%)

= Lead Screw Specification:
= Lead=1"rev
= Length = 24"
= Diameter = 1"
= Material = Steel
= Efficiency = 90%

= Motor Coupling Moment of Inertia = 2.6g-cm”2

K » Bi-directional move of 12” in 6 seconds overall. See cycle drawiny

It looks like the Total Slide Mass and the Move Profile are the only differences in the axis data. The
required Velocity Profile for the vertical axis is shown below.

H 2" Wlawe
2 sen.

1 sec. dwell
to drop the
package.

l sec. dwell
to pick up
the package.

-12-an Mlaowe
in d sec.

Velfocity {infsec )

1] 0.6 1.2 1.8 24 3 3.6 4.2 4.8 a4 6
Timefisec)

The move profile is described as “lifting the product from the picking point, pausing for 1 second
while the horizontal moves over, lowering the product back down to the placing point and pausing
for 1 second to release the product.”

1. Click on the Application Data button for the third axis.

Axis Ho.: 2
el

We would normally begin manually entering the data at this point, but we can use the horizontal
axis data to get us to a faster start.

APPLICATION DATA
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2. Right-click on the Horizontal Lead Screw axis and select Copy Axis.

B £k XG0 QX

@ Axis Ho.: 2 Horizontal Lead Screw T, view Solution
Matar: MPL-B3Z0P

1
E}i u Qs ’ |D_ A Edit Axis Drive: 2094 -BMPS
; Gearbox: MOME

59 Insert Axis

Cut Axis

Axis Ho.:3  Axis Hame C ¥ Delete Axis

E}i g APPLICATION DATA £ Mave Up
¥ Move Down

3. Next, right-click on the third axis and select Paste Axis. Confirm by answering Yes to the

prompt.

L ¥Rl Q X

Axis Ho.: 3 Axis Hame C

Ei g APPLICATION DATA | .4 Edit s
5 Insert Axis

— — ~Disable Axis
_Add new Axis | ¥ Delete fxis

4r Move Up

The information is brought in.

4. Double-click on the third axis to begin editing the data for the vertical axis.

5. Begin on the Axis Setup tab.

NOTE: If power is ever removed from this vertical axis, the motor would not have the
ability to hold (or stop) the load from falling. Therefore, we need to select an option
that will do so. Since this is a factory only option, so we must be careful to
remember to add it before we place an order.

6. Select the Integral Holding Brake option.

Motor Parameters : Maz. Armbient ; |g|;|

Integral Holding Brake:

Using Motion Analyzer V4.4 (Rev 2.01)
4/30/2008 Page 47 of 67



7. Finally, change the name of the axis to Vertical Lead Screw.

Axis Data - Yertical Lead Screw Product Family : KINETIX 6000
v Axis Setup l ¥ Cycle Profile ] ¥ Mechanism ] v Transmission Stages ] Selection ] Solutions Axis Stop
Load type : @+ Linear " Rotary ‘ﬁ
Allen Bradley Integrated
a : * . ;
Actuator type User Defined Actuatar - Lingar Stage Gravity

Voltage Selection
Supply Type : I~ ¥ AC 3 phase I~

Woltage Type &+ Single " Range

*Morminal Voltage: |4ED j Tolerances %

10
i 10 % Voltage Help
Motor / Drive Parameters : Max Amhient a0 o Altitude: |0 ft

Integral Holding Brake: & Yes " No

Axis Name : |Ver1ica| Lead Screw

8. Proceed to the Cycle Profile tab.

Edit the Move Profile Data

In this section of the lab, you will need to change the 24" move profile to a 12" move profile.
9. With the MultiSegment option selected, click on the Cycle Profile Data button.

10. To do this without getting compile errors, turn off Auto Compile by un-checking the Auto
Compile box.

[ Auto Compil

Edit Segment No. 1

o+ |inear ™ 5- Curve

11. In segment 1, the easiest way to change the move profile without causing discontinuity with the
next segments is to change the selected Entered Values. Uncheck the box for Distance and
check Final Velocity.

Edit Segment No. 1 ™ Auto Compile B Seemem i, § I Auo ¢4 Check this box.
& Linear " 5-Cumve @ Linear " 8- Curve
H % Time
% Time Uncheck this box.
. o inisec
infsec
4 infsec r 24 infsec «| =» W Entered Value
2 in =» [v EnteredValue 12 in r

SEC =» |¥ Entered Value

580 = v EnteredValue
infsec? r inigec? r

,1—
,24—
ter L_iall Segments Payload Animation i o L_IAll Segments Payload Animation
[~ All Segments 1 11 [ All Segments
,07
,D—
,07

=

=

r in r
Show Constant Load in Show Constant Load

1 » ‘,JCompue inzert | 3 Delete S Clearall P Export [ Impor -« 1 | |V\JComp\Ie Hnsent 3 Delete [Sfclear Al PExport [“ Import

=

s

TH T

&
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12. Then change the 24 in/sec value to 12 in/sec. Press the right arrow.

Multi Segment Profile

Enter the parameters far this segment. Enter any two ofthe motion parameters and the others are automatically calculated.

Segment Ma. 1
Cume Type
Jerk- % Time
Initial el
Final Vel
Distance

Time
AccfDec
External Force
Payload Mass
Mass ¥ - Offzet
Mass ¥ - Offzet

Mass Z - Offzet

3 4 Edit Segment No. 1 [~ Auto Compile
L L | & Linear " 5-Cure
a a % Time
24 ] |D infs e
0 i @’7 infse: = v Entered Value
12 0 [[JT———m =
1 1 1 sec = | EnteredValue
-24 0 24 infsec® r
i a0 |D Ibf [~ All Segments —
Payload Animation
1 1 |1 Ib [~ All Segments
0 0 L in
0 a |D in r
] 1] Show Constant Load

|D in
j * 1 F |®mpile |1 Insert 3 Delete \_\‘jtlearhll ':] Export j Impaort

13. For segment 2, simply change the Distance value to 6”. We don’t need to change anything for
the dwell period in segment 3.

Multi Segment Profile

K

Enter the parameters far this segment. Enter any two of the motion parameters and the others are automatically calculated.

Segment No.
Curve Type
Jerk- % Time
Initial Wel.
Final Wel.
Distance

Time
AcciDec

. External Force
Payload Mass
Mass ¥ - Offset
Mass Y - Offset

Mass £- Offsat

2 5 Edit Segment No. 2 [~ Auto Compile

L L | & Linear C g Cune
0 il \E % Time
0 0 ‘12 infsec
0 -24 /l%nr - C Calillated Yali:
0 -12 |l in = [V Entered Value
1 1 11 zec = |v EnteredValue
0 -24 24 infsec* -
0 1] ]D Ikt [~ All Segments —

| FPayload Animatian

1 a |1 Ifa [ All Segments
0 0 o in
0 a ‘D in Y [T All Sedrmerte
0 i ]in ;J g Show Constant Load

o
__'_J -« 2 8 ‘ Rj Compile |~ Insert 3 Delete ECIearAII " Expart h Import

4/30/2008
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14. In segment 4, uncheck the box for Distance and check Final Velocity. Then change the -24
in/sec value to -12 in/sec. Press the right arrow.

Edit Segment No. 4 Edit Segment No. 4 [~ Auto Compile
+ Linear ™ §- Curve Uncheck box. @ Linear 8- Curve
[0 % Time [I % Time
’07 infsec inigec
"247 infsec r infsec =

12 in =+ | Entered Value | > ‘

1 sat = [v Entered Value 1 sec  w| =» ¥ Entered Value

-24 infsec? r -24 infsecs r~

0 Ibf [~ All Segments 0 Ibf [~ Al Segments -
- Payload Animation Payload Animation

u b [~ All Segments 0 b [~ All Segments

! in 0 in

! In L o in ~

g o

in Show Congtant Load t Show Congtant Load
- 4 [ compite | nsert 3 Delste [otear Al o Export A4 impart - Compile Hinsert | 3 Delete % Clear Al [ Export [ *] Impart

15. Finally, change segment 5 to a -6” move, as above. Press OK when complete.

16. Your move profile should look as follows.

Please select the cycle profile mode : " Indexing @ MultiSegment Cycle Profile Data

Velocity { in/sec

17. Move to the Mechanism tab.

18. Most importantly, change the Inclination value to 90 degrees, to reflect our vertical axis. Press
OK when the brake message appears.

¥ Axis Setup ] ¥ Cycle Profile ¥ Mechanism | ¥ Transmission Stages ] Selection ] Sohutions ] Axis Stop ]
Load Data — Applied to the whole profile

N . Gravity External
- o b Inclination : Force | ]
hass : ; nl E
Force (External +3: [0 b > g E
<
Coeff of Friction : | 0.01 ¢ Others 1.5708 rad Motion | |
[Applies to Load and Slide Mas=) ag®

19. If itisn't already, set the Lead value to 1 in/rev from the application data. We will be much less
affected by inertia on this smaller axis.

20. Click on the Inertia Calculator button.
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21. Change the Length value to 24" and press the Compute button. Press OK when complete.

Input Parameters

Cuter Diameter ;|1 in 1] b
0 in Material : | Rolled Steel |

Lenath : Density [ 27957 bin™3

Sub Component No.: 1

SubComponent Inertia: |0.00171 |b-ir-#
Delete
atal Ne. of Components 1 Total Inertia ; |0.00171 |b-in-2 OK | ancel |

22. Change the Slide Mass to 50 Ibs. Your vertical lead screw data should look as follows:

¥ Axis Setup ]v’ Cycle Profile ¥ Mechanism |1/ Transmission Stages ] Selection ] Solutions ] Axis Stop ]

Load Data — 2Applied to the wwhole profile

inati i Extemal
Mass: |0 [ Inclination: ¢ 0° Grinty F:N:e"la

=]

=y 10 2

Force (External +-) Ibf :
1

Coeffof Friction : | 0.01  Others 1.5708 rad Motion | |

[&Applies to Load and Slide Maszs) ag

Actuator Type: |Lead Screw -
*
Lead: |1 indrey w | (Slide Mass : |50 b ’
| | J Motion ——3  LOAD gopplied Force S—

|
neria: [GOT et NN\ NN\
/WFriﬁion Surface

weight of Load + Slide

Lead = pitch = distance rmoved per turn

Freload © |0 i
Ib-in Inertia = Inertia of leadscrew + bearings + nut

Pre-load = torque to rotate screw at zero speed due
to bearing & nut pre-loads

Efficiency : ,907 % Typical Co-efficients »
« Lubricated Metal Ways = 0,20 (0.1 - 0,25)
= Ball Slidesz = 0,01 (0,001 - 0.01)
* Teflan / PTFE = 0,05 (0.02 - 0.05)

23. The coupling is the same as from the horizontal axis, so move to the Selection tab.

Select the Motor and Drive

24. All of our preferences came over from the previous axis, so press the Search button to begin
looking for a valid solution.
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25. When the list appears, be sure that it is sorted by M+D Cost again and open the first green
solution in the list.

List Categories by : |M+D Cost ﬂ Yiew LWilizations as: " Teqt * Graphical

Sol State | Motor Drive M+D Cost i | General Rating Performance Rating Peak Speed Winding Temp Peak Torg #

MPL- 2094-BMPS

@ wrLB230P 2094-BMP 5 H [ | EF |
IR T B ! T = ! | xS DLl m
@ wpLB320P 2094-BMP5 [ | 20w | | . | . | 14%] EFT N | 1
. MPL-B420F 2094-BMP5 [ | R | | | | . | 14%] 21w [ ¢
@ mPL-BaszOP 2094-BMP 5 [ | 22w | | . | . | 14%)] | ;
@ wrLBazP 2094-BMP5 [ | 27w | | . | . | 14%)] B f
@ wPLB4sIOF 2084-BMP 5 [ | 23w | | . | . | 24%) 22w | i
@ wpLBasI0K 2094-BMP 5 [ | 23] | | | | . | 15%] 22% I i
@ wPL-B4s4OF 2004-BMF5 [ | 235 | [ | [ | 24%)| 229 | ]
@ wPLBsI0K 2094-BMP5 [ | 255 | | . | | M 15%)] 3% [ :
@ wPL-B4sEOF 2094-BMP5 [ | 27w | I .| [ | 24%) BT w

<

>
View Categories @ Pass (@) ¥ Caution (2) M Near Fail @ M Far Fail {)) Solution View Setup ks, View Selution

26. This solution looks great and the motor and drive are some of the smallest that we offer. We
are satisfied.

Axis Data - Yertical Lead Screw Product Family : KINETIX 6000
¥ Axis Setup ] ¥ Cycle Profile ] ¥ Mechanism ¥ Transmission Stages ] Selection Solutions l Axis Stop
Component Details Axis System Performance

Summary l Mator ] Drive ] Transmission] Torque - Speed l Load ] Thermal] REM ]
totor < | MPL-B230P | > | Motor - Drive
Motar Capacity (Temp) ] 1650
Peak Speed ] 1404
Peak Targue ] 1300
Inertia Ratio (7.0} F0%
b 2094-BMP5 |> |
AC3ph, 460 -A0%+10% -
Drive Capacity (Terngy IR 300 g
Average Current | 100 E"_‘
Peak Current ] 250 2
Bus Ltilizatian | 17%

L
=40
5000 -F000 3000 2000 -F000 0 000 2000 3000 4000 5000
Speed (rpm )

Quadrant Torque

[=] " Single © Four Peak = RMS Graph Detail 'T:}xl

27. Return to the System View as before.

28. Save your work.
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Analyze the System Shunt Requirements

You may have noticed the prompt that keeps appearing when you save your work. It mentions a
system shunt. There are also some clues in the System View that alert us to the fact that we are
not done yet.

System View | ( NDtCompIeted\ | Product Family : |KINET5000 -~ @

Belt Indexer

. Motor:  MPL-B1520U
# Q} -~ IQ_ Drive:  2094-BMPS

Gearbox: SPOS0-MF2-50-0...

0 Axis Ho.: 2 Horizontal Lead Screw

: 1 Motor: MPL-B320P
— | g Qs ’ |Q_ Drive: 2094-BMPS
Gearbaox: MONE
6 Axis Ho.: 3 Vertical Lead Screw h_. é .;-ﬁ & G3 QX P
: i Motor: MPL-B2ZZ0P
E:ﬁ g Q} ’ IQ_ Drive:  2094-BMPS

Gearbox: MONE

Kinetix 2000 and 6000 drives are multi-axis drives and include (1) integrated axis module where the
AC supply voltage is provided and up to (7) additional axis modules. The integrated axis modules
contain a converter that creates an internal DC bus voltage on the backplane which powers the
additional axis modules. The integrated axis module must be sized large enough to provide the
required DC power to the axis modules.

Fig. 2 The left-most drive is the Integrated Axis Module and the others are expansion Axis Modules

Additionally, most servo drives contain a shunt resistor that helps to prevent the internal power bus
from an overload. This is typically a concern when stopping the axis; especially when stopping a
vertical axis from falling because gravity is working against you. Kinetix 2000 and 6000 drives can
share their shunt capacity across the backplane, so if one drive requires additional stopping power
and another drive has extra capacity, they work together. This can save on shunt costs and space
requirements.

Motion Analyzer contains tools to assist you in determining the needs of your system.
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29. To select the proper integrated axis module and determine if your system requires additional
shunting components, click on the Power Supply / Accessories button at the top of the screen.

Pick and Place Example.mba - Motion Analyzer,

File Edit Analysis Database Options Toolbars  Axis Templates Help

D 1 + Q @ I:'ii"} W I!'I_E_I!'I System Yiew E Axis View

System View | Mok Completed ——fPawer Supply | Accessaries|t Fa

= | X |Power Supply,l’.ﬂcc.li -

The phase relationship between the various axis profiles in a common DC bus system affects the
peak bus current requirement. For example, if all axes accelerate simultaneously, the bus current
demand will be much greater than if each accelerates in turn. Drop-down boxes allow the user to
set the axes for random or synchronized operation if you know this relationship.

30. The “safe” setting for system sizing is all “Random.” In this case, the worst case current
demand for each axis is automatically lined up by adjusting the phase relationship of the axis
profiles. Leave the axes set to Random for our system. Press the Search IAM & Shunt button
to automatically size and select your required components.

Power Supply / Accessories Product Family : KINETIX 6000

S
ummary 1AM & Shunt Selection

Axis - R FSync | i hip
iz 1 : Belt Indexer b 1AM Shunt
e Offset - sec MPL-B1520U0 , 2094-BhPS | SPOGO-tAF2-50-021
z :
Axis 2 : Horizontal Lead Screw Manual - -
|H g J Offset : | sec MPL-B320F | 2094-BMPS | NONE
andom hd :
Automatic 'y iy
Axis 3 . Yertical Lead Screw
MPL-B230F | 2094-BMPS | NONE
|F|and0m j Offset : | sec o o /\
Search IAM & Shunt | >
1AM
Shunts

Shunt

Int. Shunt :

Time Slice :{0.0om sec Analysis
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31. Unless you know that Axis 1 is the largest, select “Arrange axes in order of decreasing
power” and press Perform Search.

Axis Sequence Options

Power Supply & Shunt Analysis Search Options

" Keep current axes locations

= Arrange axes in order of decreasing powe

Perform Search | Cancel

32. The software is not requiring any additional shunting components. The internal shunts are
sufficient in this application.
Data l Graph l Summary l

1AM & Shunt Selection
Axis - Random f Sync RelationShip

Axis 1 . Belt Indexer

1AM Shunt
|H 4 J Dffset: | — mPL-B1 520U |, 2094-BC01-MPS | SPOS0S-MF2-50-081
andom A :
Axis 2 : Yertical Lead Screw Manual - -
[Fand ] ofiset: | op  MPL-B230P | 2094-BMPS , NONE
andorn - :
Automatic s 'y

Axig 3 : Horizontal Lead Screw

MPL-B320P | 2094-BhPS | NOME
|Handom j Offset: | FEC

| Search IAM & Shunt |

1AM
| 2094-BC01 -MPS | |
Shunts
L/_7 | Internal Shunt Present | |
The software No additional
has changed shunting is
the order of required.
the axes.

Shunt

Internal 5

Time Slice : /00001 $ec Analysis

33. If you select the Graph tab, you can see that the Vertical axis does require the drive to absorb
some regenerative bus current.

Data | Oreph | Summary
Axiz Regenerating Bus Current Az Matanng Bus Current
Axiz 1 : Belt Indexer
Maotar ¢+ MPL-B1Sz0U Of e 0. 2713
Drive :  2094-BCO1-MPS o [~ 10.05683
Gearbox : S5PO&05-MFZ-50-0B1
Axis 2 . YVertical Lead Screw
Motor @ MPL-BZ30R 00751 CF e 0.1463
Drive :  2094-BMPS ooizoz @ 00343
Gearbox ¢+ MOME :
Axis 3 : Horizontal Lead Screw
Motor @ MPL-BE3Z20R 00513 (0 e 0.105
Drive :  2094-BMPS oooze @ (J0.018597

Gearbox @ MONE
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NOTE: If your system requires external shunting, be sure to keep the continuous
usage percentage below 20%. These types of chopper/resistor sets are typically
rated for a 20% duty cycle. If you are an inverter drive user, you already know this.

System

Continuous ;

Shunt If used, keep
these ratings
below 20%.

[rternal Shunt ;

Ext.Shunt :

34. Return to the System View as before.
35. Save your work.
Your system is now complete! You can see the new order of the axes, as well as any motor, drive

and gearbox part numbers. What about cables and accessories? There must be an easy tool for
finding these, right?

System Yiew Mumber of Power Rail Slots Required by Application= 3 | Product Family : |KINETIX 6000 - 7’

" Axis Ho.:1 Belt Indexer

= . Motari  MPL-B1520U
5_[ g @ % -~ I\ Drive:  2094-BCO1-MP...
Gearbox: SPO&0S-MF2-50...
2094-BCO1-..

Shunt: INTERMAL

-‘ Axis Ho.: 2 Vertical Lead Screw b_. ::,_: dﬁ —:_-i " . Q

= : Motor:  MPL-BZ30P
5_[ g % @ I\ Drive:  2094-BMPS A

Gearbox: MOME

" Axis Ho.: 3 Horizontal Lead Screw

= . Matar:  MPL-B3ZOP
5_[ I:’ % @ I\ Drive: 2094-BMPS

Gearbox: MOME

Continue on with the Extra Task if you would like to use Motion Selector to create a
complete bill of material for your motion system.

Using Motion Analyzer V4.4 (Rev 2.01)
4/30/2008 Page 56 of 67



Extra Task: Using Motion Selector (20 Minutes)

About This Lab

In the Extra Task, you can use the Motion Selector tool to create a complete bill of material for your
motion system. Motion Selector does not include the controller items, such as your CompactLogix
L43 controller, but it does include all motion-related components. This can include servo motors,
drives and cables, as well as the motion module for your CompactLogix system and the SERCOS
fiber cables to connect them all together. In this lab, you will:

= Open Motion Selector and start with your Motion Analyzer file from labs 1-3 above
= Use Motion Selector’s wizard tools to choose your axis components
= Choose the motion accessories that complete your bill of material

Follow the steps below to complete the Extra Task.

Open Motion Selector

Motion Selector is installed when you install Motion Analyzer, but runs separately. There should be
desktop icons for each tool, or you can find them in the Start > Programs - Rockwell Automation
tree.

1. Open Motion Selector by double-clicking on the shortcut in the upper right corner of the
desktop.

2. Click on the Proceed button from opening screen.

Rockwell
Automation

MOTION SELECTOR

For decades, the world's most successful husinesses
hiave put their trust in Allen-Bradley products, a trust built
on  relighility and  unparalleled  selection.  Rockwell
Altomation combines these products with the best
application expertise, service and support available.

PROCEED

Motion Selector 4.3 Last updated on: February 20, 2007
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Your choices are defined as follows:

Create a Quick Quote — After selecting the drive platform, you are given a list of all motors,
cables and accessories for that platform. You simply enter a quantity for the items that you
need and can then create a bill of material of them when you are done. This selection requires
that you know the part numbers of the items that you need.

Create a new Configuration — This selection allows you to select a drive platform and walks
you through the (10) steps necessary to select a drive, motor, cables and all required
accessories for each axis in your system. Although you do have to know your drive and motor
part number, you can start with the ones already selected in Motion Analyzer simply by pointing
to the completed system file. Selecting the rest of the components using this method is much

more wizard driven.

= Open existing Configuration — This selection allows you to continue working with a Motion
Selector project that you previously saved to a file.

4. We will start with our existing Motion Analyzer file by selecting the second option. Give it the
name “My Configuration” and press continue.

D Create a Quick Quote

Configuration Mame: |Untitied Quick Quote ontinue

Select a configuration from the most recently used configuration list below or browse
to open from other location.

D Create a new Configur

Configuration Marre: |My Configuration

é Open existing Configuration

Configurations Last Updated Location/Descripbon

No MRU Files Found

5. Select the Start with an existing Motion Analyzer application option and press Browse to
locate your existing file.

Configuration Name:  [[S0®al fs[g=ylely

I Start with a blank Configuration:

Dirive Family Kinetix 2000 =
Murmber of Axis 1

Start with an existing Motion Analyzer application | B
(Motion Analyzer 4.3 or earlier versions) CroWse

continue:=:x

6. Browse to the location of your file, in this case, C:\Program Files\Motion Analyzer\Sample
Applications.
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7. Select your “Pick and Place Example” file and press Open.

Open

2

Look in: Ib Sample Applications

Recent
Documents

— =
(=}
=

My Documents

@

ty Computer

Yick and Place Example.mba

RN ol ) ==

&

File name: IF'ic:k and Place Example.mba j Open I

Flaces

8. Press continue.

My Network  Files of type: IMotion Analyzer Files [*.mba) LI Cancel |

[ Opet a2 read-only

Using Motion Selector

The selection of the motor and drive has already been completed for you, based on your selections
from the Motion Analyzer file.

9. Axis 1is our belt indexing axis and we can see Steps 1-4, have been selected for us.

Step 1: Axis Module

230% 1AM/AM 4600 1AM/AM

2094 AMPS

2084 A0

2094 A2

2094 AM02

2094 AMOS

2004 AC0S5-MPS <
2004 AC0S5-MO1

2094 ACOI- 02

2094 AC1E- 02

o e TiEe 0 TS TS BRES JEES NS G

2094 A 032 MOS

(T 2004-BMPS
(" 2004-BMOd
(T 2084-BMOZ
T 2084-BMO3
(T 2094-BMOS
(% 2004-BCO1-MPS
{~ 2004-BC01-MOA
(" 2004-BCOZ-MOZ
(™ 2004-BCO4MO3

(" 2084-BCOT-MOS

Step <: MotorfActuator

Continuous Stall Peak Stall Torque

|
=
(ﬁ‘ MPL-B15Z0U ) 0,49 1.53 7000
T~—_MPL-B3ESTT 0,90 2 34 7000
o MPL-B 210V 0.55 1.52 2000
IS MPL-B2207T 1.61 5 50 6000 -
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10. For Step 5, check the box to include a motor power cable, and then use the drop-down list to
select the 3m (10ft) cable.

Step 5: Motor/Actuator Power Cable

|7 hlator Powwer Cable  Cable Length : | 3m(40ft) -

Selected Power Cable: 2090-2XMPMF-165032

11. Step 6 lets you choose either a pre-made cable or one with flying leads, but this also requires a
connector. The note tells us that the connector is available in the Accessories section. Check
the box for the Universal (flying lead) cable and select 3m (10ft) as above.

Step 6: Motor/Actuator Feedback Cable

Cahble I—_l
|_ Feedback Cable with molded connectars Length : Mone =
|7 Universal Motar Feedbads Cable without drive end connectors (Connectors available in Accessories) Cable Fm(10 ) -
Length :

Selected Feedback Cable: 2090-22<MFhF-35032

12. We don't need a brake cable for our belt indexing axis, so skip Step 7.

13. Resistive Brake Modules are used to dynamically stop a moving axis in the event of a drive
loosing power. Our safety auditor says that this system doesn’t require this option, so we will
skip Steps 8 and 9.

14. Skip Step 10, since Kinetix drives already include these particular connector sets as shipped.

We will choose additional connectors (for our control I/O and feedback) in the Accessories
section.

15. Press continue to move on to the next axis.

16. Axis 2 is our vertical lead screw axis, which requires a motor brake. Steps 1-2 are fine for our
needs, but click on the Edit button in Step 3.

Step 3: Motor/Actuator Series

[ = TL = MRS * MPL
i MPG i MPF = mPal i F
i~ 132648

Selected Options: Multi Turn High Rezalution, Cireular Cannon THM Connector- Facing Shaft (edit:
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17. Check the box for the Brake option, but the MPL-B15xx and MPL-B2xx motors are only
available with a shaft key, so also check the Shaft Key option. Press continue to close the

window.

Motion Selector 5]

Motor Options

V¥ Brake IPES Housing [ IPE7
¥ Shaft Key Shaft Seal
Options

{7 1000 Line Encader % Multi Turn High Resalution
{7 2000 Line Encader © Single Turn High Resalution
{7 5000 Line Encoder {7 2 Pole Resolver
Connectors

{7 Circular Cannon THM Sonnecor - Facing Shaft

¥ Circular DIN Canneckar - Right Angle - 180 degree Rotate able

N~—_

18. Step 4 now shows a motor with the brake option (the ‘44’).

Step 4: Motor/Actuator

Continuous Stall Peak Stall Torgue
. Part Number Toraue (NM Rated Speed (RPM}

Selected Part Humbe WP L-B230P-W e,

Selected Accessories: Mo Accessories Selactad  (2dif)

MPL-BZ10%Y 0.55 1.5z gooa
T MPL-BZZ0T 1.6l Z.50 &000 =
g MPL-BZ30F .10 4.30 a00a
r MPL-B310F 1.6 3.2 a00a
r MPL-B3Z0P 2.70 3.9 s00a -

Mote: Preferrad motors for the selected drive are in blue color

19. In Steps 5 and 6, select a 3m (10ft) power cable and the Universal feedback cable.

Step 5: MotorfActuator Power Cable

|7 hlotor Povwer Cable  Cable Length : |3m[1EI ft] - I

Selected Power Cable: 2090-X3NPMF-1G503

Step 6: MotorfActuator Feedback Cable

I_ Feedback Cable with molded connectars

Cable Iﬁ
Length : None [

|7 Universal Motor Feedback Cable without drive end connectors (Connectors available in Accessories) Cable FmA0 ) -

Selected Feedback Cable: 2090-xXHNFMF-503

Length :
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20. Step 7 would normally allow us to select a brake cable for our vertical axis. Note that the MPL
motor that we have chosen includes the brake wiring in the motor power cable, so we do NOT
need to select this option (greyed out anyway).

21. Skip Steps 8, 9 and 10, as on the previous axis.

22. Press continue to start working on the final axis.

36. Skip steps 1-4 since the motor and drive have already been selected through our Motion
Analyzer file.

23.In Steps 5 and 6, select the same 3m cables as above.
24. Skips Steps 7-10, as above.

25. Press continue to choose the system components and accessories.

Choose the System Components

A 3-axis Power Rail was chosen for our 3-axis system. If we chose to select a larger Power Rail
(for future expansion), we would need to select enough Power Rail Slot Fillers to safely cover all of
these open slots. Here, no change is required.

Power Rail
{© Power Rail (Slim) 1 axis € Power Rail (Slim) 2 axis €% Power Rail (Slim) 2 axis
= Power Rail (Slim) 4 axis = Power Rail (51im) 5 axis " Power Rail (Slim) & axiz
= Power Rail (Slim) 7 axis = Power Rail (5lim) & axis = Power Rail 1 axiz
= Power Rail 2 axis { FPower Rail 4 axis { Power Rail 6 axis
{ Power Rail 8 axis
|_ Mounting Bradiets |Nc\ne -
Power Rail Slot Filler
{* No i~ es | Howe many Slat Fillers are required? d

26. No shunt options are chosen, of course.
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Notice, however, the option for the Line Interface Module. This product can include the line
disconnect switch, the disconnect circuit breaker, power transformers, filters, 24Vdc power supplies
and even the safety rated line contactor. Who doesn’t need all of these in their system?

Three-Phusa
Line Input {110/230V)
[ e i 1
i i
i % [ ] ] i
1 — H
i t"ut"E:;;nhr Fuse Block Fuse Block i
! T i
' | [
i Thranhnsa, i
i fingla Stoge 4640 10 TV H
E Line Filter Trur;;nn'mr Fuse Black :
| | | [
i W de - !
' Pawer Supply Cirewit Breaker L
E 1) Safaty Contactor i
: i
! p— i
E Single-Phasa, !
' 4 de Single Stage 1
E Lins Filar Line Fier (Z308) 1
H 1
i ' i
L e = I -
Mursiliary /0 Musiliary (onird Three-Phuse

Porwier Dutput Power Qutput Porwer Quiput Porwer Dutput Porwer Dulput

[24V dc] ta: ( 24V de) tu [110,/230%) ta: ta Drive 1o Dirive

Moo Broke Semors FLL (110/230¥ ac) (2304600 0d)

other PLC HHI
uther uther -| ’J_rr M Lie J
Fiker

27. Choose the Select Line Interface Module option and select the 2094-BL10S unit, since our
system requires under 10A of current (based on our 2094-BC01-MP5 integrated axis module).
Check the box to include any necessary Connector Sets for convenience.

Line_Late are—ohodulo
|7 Select Line Irterface kModule

2307 LIM

460 LIM

{7 20944109 : 2304, 84 LIM f T 5

{7 2084AL155 : 2300V, 154 LIM < i 2094-BL10S : 460%, 104 LM

{7 2094ALF5S : 2300, 204 LIM { 2094-BLT5S : 460W, 204 LIM

{7 209441255 : 230V, 254 LIM { 2094-BL255 : 460V, 254 LIM

{7 209441505 : 2300, 504 LIM { 2094-BL50S : 460W, 504 LM

2084 XLT55-C1 : 2300 or 460V, 204 LIM| (& 2084-XL755-C2 : 230% or 460V, 204 LIM

6onnec‘tor Se‘ts

\_/

28. The line interface module (LIM) option includes the circuit breaker and the contactor, and some
LIMs even include an AC line filter for CE applications. This is going to save a lot of installation,
mounting and wiring time. Press continue.
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Choose the Motion Accessories

In this final section of the lab, you will add any of the required motion accessories or desired options
to your bill of material.

29. We'll assume that we've used Integrated Architecture Builder to select our control system, so
now we just need the motion components to make it complete. On the Software &
Accessories tab under Motion Control Module, select the 1768-M04SE. This is the 4-axis
SERCOS motion module for the CompactLogix L43 controller.

Motion Control Module
" None

= Cartral Logix : 1756-MO35E SERCOS Module
™ Contral Logix : 175E-MOSSE SERCOS Module
= Cartral Logix : 1756-M165E SERCOS Module

* Compactlogix : 17E2-MO4SE SERCDS@

" SoftLogix - 1784-PMIESE SERCOS PCI Card

Since SERCOS is a ring-style topology, we will need to select fiber-optic cables to go from the
motion module and back.

30. In the SERCOS Cables section, check the first box for using cables within an enclosure, and

select the 3m (10ft) length. Be sure to enter a quantity of 2 (since this is a ring topology) as
well.

SERCOS Cables

p SERCOS fiber optic plastic cables only suitable for uze inside an enclosure. o0 Length : |3m[1l:lf't] d Oty - |2
Connectars are provided at both ends.

= SFRCNS fiher ontic nlastic cahles suitable for gse out=ide an enclosire

31. Move down several sections to the Low Profile Connector Kits section. This is where we will
find the connector kits for the flying lead feedback cables, drive control I/O and even any

auxiliary feedback devices, since each Kinetix drive supports an additional axis of auxiliary
feedback right on board!

32. For our 3-axis system, choose (3) motor feedback connectors and (3) control I/O
connectors, as shown below. The control I/O connector includes things like the drive enable
signal, homing and over-travel limits and our brake relay for our vertical axis.

Low Profile Connector Kits

2090-KECK-D15F Low Profile Connector Kit Aux Fdbk15S pin Fernale
2090-KECK-D15M Low Profile Cannectar Kit Mator Fdbk 15 pin Male
Z090-KECK-D1SMF Low Profile Connectar Kit Motor Fdbk 15 pin Male with Filter
2090-KECK-D2EM Low Profile Connectar Kit I/ 26 pin Male
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33. There are many other accessories that we could choose for our system, but let’s take a look at
the bill of material. Press continue.

34. The Summary tab shows the items we’ve selected for the general system and for each of the
axes. You can view the axis details by expanding them, if you wish.

Azis Module & Cable m Software & Accessories

System, Software & Accessories

— |
2094-PREZ 3 axis power rail General
Z0%94-BLios Line Interface Maodule 460 %W system items.
Connectar Sets, Includes IfO (I0OL), WwAC Line (IPL), WAC Load [(OPL), Contr
D094-HHLIM-2 [CPL), 230V Auxiliary Output [(PZL), 24W Brake Power [P1L), and 230V Auxiliary Input
[(APL) replacement connectars for these LIM catalog numbers
1768-MO45E Control Systern, 1763-M0O45E SERCOS Module (Contact RA)
Z2090-kKeCK-D15M Law Profile Cannector Kit, Motor Feedback 15 pin Male
2090-KECK-DZEM Low Profile Connector Kit, O 26 pin Male

Z2030-3CEP3-0 Cable, SERCOS fiber optic plastic cables only suitable for use inside an enclosure, 3m

Axis Modules 8 Cables

Eq'"—' Axis Modules & Cables
LE 1AM Axic *2094-BC01-MPS-S+MPL-B1520U-vk4 28802 090- MNP = The
B - integrated
axis, Axis 1.

#2090-HRMPMF-16503#2090-RANFMF-503+2094-BMPS-5S*MPL-B230P- Vw144 88

EFZ0230-KHNPMF-16503  CABLE, MOM-FLEX, MOTOR POWER, MF, 16 GAUTSES
Z090-RRHFMF-503 Axis 2

CABLE, MON-FLEX, MOTOR FEEDBACK, MF, 2M

expanded.
2094-BMPS-5 Axiz Module 460, 5,94
MPL-B 2 30P -4 444 Matar, 4,74 M-rn (42 |b-in. ], S000 rpra motor
+ Axis ] #2094-BMPS-S*MPL-B320P-MK22AA*2090- X HPMP-16503+2090- XENFMP-503
Proceed to: * Additional EOM + BDM view Axis 3.

35. There are actually (2) more cables that we need to add. The SERCOS topology requires small
jumpers between our Kinetix drives. Click on the Additional BOM link to select them.

+ Axis 3 #2094 -BMPS-S*MPL-B320P-MKZZ2AA*2090-XXMPMP-16503*2090-xxMFMP-502

Proceed tu:< ¥ Addiﬁuéé BDM)P EOM wiew

36. Use the drop-down menus to narrow your search down to the following:

Kinetix 6000 | D
Sercos Cables J j
Find Part Humber: || Find

Product family:

Category:
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37. When the cables appear, select a quantity of (2) of the first cables in the list; 2090-SCEPO-1.
These are 0.1m jumper cables that connect between Kinetix 2000 and 6000 drives only.

Description Quantity

LY
Kinetix G000, Kinetix 2000, Kinetix TO00 and Wltra 3000 {Sercos Cahbles) —

Cable, SERCOS fiber optic plastic cables only suitakle for uze inzide
enclosure, 0.1m
- .

2080-3CEPO-1

38. Click on the BOM View link to continue.

Proceed to: @

D

39. Your complete bill of material should display (you will have to expand the sections).

BOM View

= Z Pick and Place Example

Itermn Part Mo Quantity De
1 2094-PRS32 1 3 axis power rail
Z 2094-BL10S i Line Interface Module 460 W

Connector Sets, Indudes I/O (I0L), WAS Line [IPL), WAC Load
[2PL), Contral Power [CPL), 230V Auxiliary Qutput [P2L), 24V Brake

e AR A DR e Power [P1L), and 230% Auxiliary Input (APL) replacement connectors
for these LIM catalog numbers

4 1762-MO45E 1 Control Systern, 1762-M0O45E SERCOS Module [Contact RA)

5 2090-KECK-D15M o) Low Profile Connectar Kit, Motor Feedback 15 pin Male

& 2090-KECK-D2EM o) Low Profile Connectar Kit, I/ < 26 pin Male

P 2090-5CEPE-0 > Cable, SERCOS fiber optic plastic cables only suitable for use inside
an enclosure, 3m

8 2094-BC01-MPS-5 |1 Integrated Axiz Module 460V, Sk

MPL-B1520U- . .
9 - 1 Motor, 2.1 N-m (18.6 |b-in.), 5000 rpm motor (Mot Available)
10 fgzg;{XNPMF- 2 CABLE, MOM-FLEX, MOTOR POWER, MF, 16 GALIGE, 3M

11 [2090-HHNFMF-503
1z  |2094-BMPS-5

12 MPL-B2230P-w14448
14 MPL-B3ZOP-MEZZ2A0

2090-KEMPMP-
162032

16 [Z090-kKMNFMP-5032

CABLE, MOM-FLEX, MOTOR FEEDBACHK, MF, 3M
Axiz Module 460V, 5,94

Motor, 4,74 N-rn (42 |b-in ), S000 rpro riotar
Motor, 5.64 M-rn (49,9 |b-in.), 5000 rpro rootar

i3 CABLE, MOM-FLEX, MOTOR POWER, MP, 1&6 GAUGE, 2M

[T T ' i PN XY

CABLE, MOM-FLEx, MOTOR FEEDBACK, MP, 3M

= & Additional BOM Items

Itern Part Mo Cuantity

Cable, SERCOS fiber optic plastic cables only suitable for usze inside

i 2090-3CEPOQ-1 2
an enclosure, 0.1m
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40. Motion Selector provides several convenient options for exporting and formatting your bill of
material. You may wish to experiment with these.

MOTION SELECTOR “ncl{well
& pick and Place Example Automation
BOM Yiew
s Sysbem
Configuration M e ] :
T N P {EE Pick and Place Example

-

BOM view + {EE Additional BOM Items

Export to Excel
(Extract)

Export to PDF
Export to Word

T\

-

Save

-

Save As

-

Exit Configuration

41. Save your file if you wish and Exit Configuration when you are done.

This concludes the Motion Analyzer lab.
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