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Important User Information

This documentatierhether, illustratipet i nt ed, fAonlined or electronias(herein
a learning aid when using Rockwell Automation approved demonstration hardware, software and firmware. The Documen
should only be used as a learning tool by qualified professionals.

The variety of uses for the hardware, software and 'mveaiie tha f t er A Pr oduct so) descri bed
that those responsible for the application and use of those Products must satisfy themselves that all neeessary steps have
taken to ensure that each application and actual us@enfetaatice and safety requirements, including any applicable

laws, regulations, codes and standards in addition to any applicable technical documents.

In no event will Rockwell Automation, Inc., or any of its affiliate or subsidiary companids fhereinaftee | |  Aut o ma't
responsible or liable for any indirect or consequential damages resulting from the use or application oéthim Products descril
this DocumentatioRockwell Automation does not assume responsibility or liability ddadgrkiagdsased on the

alleged use of, or reliance on, this Documentation.

No patent liability is assumed by Rockwell Automation with respect to use of information, circuits, equipment, or software
described in the Documentation.

Except as specifigaljreed in writing as part of a maintenance or support contract, equipment users are responsible for:
properly using, calibrating, operating, monitoring and maintaining all Products consistent with all Rockwell Automat
or thirgbarty provided instiones, warnings, recommendations and documentation;

A ensuring that only properly trained personnel use, operate and maintain the Products at all times;
A staying informed of all Product updates and alerts and implementing all updates and fixes; and
A allother factors affecting the Products that are outside of the direct control of Rockwell Automation.

Reproduction of the contents of the Documentation, in whole or in part, without written permission of Rockwell Automation
prohibited.

Throughout thisinual we use the following notes to make you awareaofss@éesfions:

Identifies information about practices or circumstances
that can cause an explosion in a hazardous environment,
which may lead to personal injury or death, ¢heopsegey ocenomic loss.

>

WO I |dentifies information that is critical for suape$ishtion and understanding of the product.

ATTENTION Identifies information about practices or circuititaoaedead to personal injury or death, property
damage, or economic lagentions help you:

A identify a hazard

A avoid a hazard

A recognize the consequence

all

SHOCK'HAZARD [P may be located on or insidevi¢o algpeople that dangerous voltage may be present.

BURN HAZARD — .
Labels may be located on or inside the drivpdo@kethat surfaces may be dangerous temperatures.

> | P




Introduction to Motion Analyzer Design Software

Contents

2T (0T (= I o TU =TT o ] o SRR 4

Y o To UL I TS I o J PSPPSR §
TOOIS & PrEIEOUISIIES . ......eteeee ettt emie et e ettt ettt emen et e e e ekttt e e s sabb e emmmn et e e e s sabee e e e e aabbemmmmnn e e e e s asbeeeeesantsemmmmnns 4
Start the Software and OPEN the PrOJECT .......o.uiiii e 5

Understanding the Motion Analyzer Profile EQitOr .............uuiiiiiiiiiiiiiiiiiiiieiieieieieieiereieerereeeenenn. 6

Advanced Index Types in the Profile. EdItOr............ i coeaeeece e 17
Exporting an Index Move to RSLOGIX.5000..............ceeeeerreieieiiieiieiereeememmmneeeenss s se s e s s mmmmmm s eseeeaeeaeeaasesessanann 19
Exporting CAM Profiles to RSLogix 5000 ATICHIONS............cccoiiiiiii it eeeeee e e mmmme 24
Importing CAM Profiles from RSLOGIX.5000.............oi et ceeeee s e s s mmmmmm e s e e e e e e e eeaeaaeeeemnn 28
USING TUNING SIMUIBLION ...ttt e e e e et e e e e e s s aaab b b e e e e e e e e saanbbbreeeeeeeeaanrnnnees 31

CoMPlIANCE 1N COUPINGS. ...ttt cmmmee ettt et ceeeae e e e e e e s s e bbb ettt emmm ke b e be e et e e e e e e s mmmmmmseeeeeaeeeeesannnnne 35.
BaCKIash iN GEAIDOXES. .......ooi e ettt memeer et e e e e e e e e e s bbb maman e s et b b b e e e e e e e mn 37
Reducing Compliance and Eliminating Backlashi............ oo e 39
Yo \VZ= T Tot=To I U o T o To TR T U1 F= 11 o] o PPN 41

SOlAWOIKS INEEOIALION ... 50

[S1@ 1Y LY T=T = i o] RSP PPPPPPPPPPPPRPPRS 73

30f80



Before You &gin

AboutThis Lab

We | ¢ o mdntraduction th Motidh Analyzer Design $oftwaeeb . This session all ows yol

Motion Analyzer to quickly evaluate a variety of design options. Tiis desipatsoftware integrates with RSLogix
5000 and SolidWorks to allow control engineers, electrical engineers, and mechanical engineers to see how their design
decisions affect the overall performance of the machine.

As you complete the exercisa inahid®n session, you will:

A Explore how to create a motion profile using Motion Analyzer

A Learn how to export Motion Analyzer profile data to RSLogix 5000

A Understand how to import CAM profile data from RSLogix 5008\iatly Adotion
A Analyze why a rgtdirect drive motor may outperform a low inertia servo motor
A Interface with SolidWorks to size and select a motor and a drive

This handsn lab is intended for individuals who:

A Size, select, and optimize motion control applications

A Mechanical engineers eontrols engineers designing machines with motion control
A Machine users trying to improve an existing machine with motion control

A System integrators selling motion control

The lab is written to be completed in the order shown; each portion roay éedbcakestand alone too. If you do jump
around, talk to a lab instructor to make sure you have the right programs and files open.

This lab takes approximatefyigltes to complete.

Tools & Rerequisites
Motion Analyzer ({RP

A
A RSLogix 5000 (v19)

A SolidWorks 2011 SP4

A Intraluctiorto MtionAnalyzeacd

A MAS5.20 Tuning Simulatida

A Advanced Tuning Simulation.xIsx

A Hot_Stamp&LDASM and associated files
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Start theSoftware an®pen thd roject
1. Start RSLogix 5000.
From the Start menu, select ProgrRmskwell Software > RSLogix 5000 Enterprise Series > RSLogix 5000

2. Open the project narmgobductionto Motion Analyzeracdby clicking the Open Project button.
You can find the project in this diredtcal: Flds

3. Start Motion Analyzer.

Fromthe Start menu, Select Programs > Rockwell Automation > Motion Analyzer > Motion Analyzer

4, Accept the terms of uGKe by selecting Al agreeod,

Welcome to Motion Analyzer

) Rockwell
-‘ZF Automation

This product selection aid has been developed for the use and |
comvenience 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
selaection, application and use must independently satisfy
themselves that all necessary steps have been taken to ensure
that any suggested product selection or configuration, as well
as each anticipated application or use, meet all necessary
performance and safety requirements, including any applicable
laws, regulations, codes, and standards.

Rockwell Autamation 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 HEREEWj

s REREEETL ' [

0 | Agres ™ | Decline

[ Do not show this message again

50f80



Understanding the Motion Analyzer Profile Editor

Upon opening Motion Analyzer, you will bieegdgion to choose your sizing method. Each has advantages. The
Professional Mode has a new workflow which lets you enter all of your load information before you choose your drive famil
while the Classic Mode is the traditional workflow. Tibee Mst®is for building a Bill of Materials (BOM) quickly when

you already know what motor and drive your application will use.

1. Click th&tartbutton in tHerofessional Modée.

ES Application1 - Motion Analyzer o [=] 3
File Edi Analysileatahase Options  Tools Toolbats  Application Templates BEOM  Help

L1 H = d w

System Wisn | s WiE - Power Supply | Acc... * B Viewy, ‘

Welcome to Rockwell Automation Motion Analyzer sz MotionAnalyzer

Design Motion Control Systems

NEW :

Choose the Sizing Mode you wish to start with,

L = =

— —
Professional Classic Just Quote
Mewy, intuitive workflow to help Clazsic mode a5 in previous Create a Bill of Materials only.
WU size your Motor and Drive Mation Analyzer versions Mo sizing inputs reguired
Start Start Start
e e e

™ Make this iy default selection for new applications

OPEN : J RECENT :

Open a previously configured Motion Analyzer file Following are your recently used files for guick reference

Browse...
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2. Click thépplication Dathautton to start entering the dattaefdirst axis.

g Application1 - Motion Analyzer

=
B .| [ serucaionom o)

E) START HERE
Click here ko enter the application data.

FiE WP Ny
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3.

In this screen you have the chance to choose one of the different load types. Later we will select the From
s exampl e

Sol i

dWor ks

Click on thgelectbutton in tHaneattile.

opti on,

but

for t hi

Application] - Motion Analyzer i [=] 3}
File Edit Analysis Database Options Tools Toolbats  Application Templates BOM  Help
D !':’Q_' @] @. W .‘,ﬂ System View ‘ Ax\s View ’f % Power Supply f Bcc.,. M BOH Y
Professional = Axis Data - Axic Name A
= Load |
Load Type
| @ Help \
Please choose from the available Load Type options.
Linear Rotary Rotary Complex App. Templates From Solidworks
Select Select Select Select Select
2 2 e 2 2
A %!
Applications with linear lozd Applications with rotary load Applications with Complex Pre-configured Mechanism Applications with loads
maotion. mation Rotary motion. Application Templates defined in SolidWarks
User defined and Rockwell Changing load or inertia aszemblies
Automation linear during the ratation of the load
mechanisms
| e zhistesy

we 0|
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4. This screen would allow you to
is simply to export a motion profile to RSLogix 5000.

Click th€roceed to Profile Definitibatton.

Application] - Motion Analyzer i [=] 3}
File Edit Analysis Database Options Tools Toolbats  Application Templates BOM  Help

D 'I-'Q' E @ EL‘ W System Wiew ‘ Ax\s\hew ’f Fauer, Supply | Aec... = BOM Yisw

Professional = Axis Data - Axic Name A

enter data about

1

¢ Load |

Load Type: Linear Load -

& Linear Load Data Entry
i

& Help

Change Load Type v

Load Data: Applied to the whole profile

Load Mass: |0 kg

Gravity

Applied Force (+-3; |0 M

Motion —

Coeffof Friction; |0

Applied
LOAD +— Eorce
e

Inclination: & Horizontal (0% Friction Surface

Typical Co-efficients »

£ Vearlical (307 = Lubricsted Metal = 0.20 (0.1 - 0.25)
Ways

* Ball Slides

= Teflan / PTFE
€ Others |D deq

0,01 (0,001 - 0,01)
0.05 (0.03 - 0.05)

! :' NmesJ LPn:u:emlu:lPmﬁleneﬁn'rtiun’J
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Once you have entered the npotifile, this screen provides an excellent summary.
Click th&dit Profildbutton to open the Profile Editor.

BN Application - Motion Analyzer =101x|
File Edit Analysis Database Options Tools Toolbars  Application Templates BOM  Help
D i E @ & W | oo System Wiews ‘ Ax\s\new F Power Supply fAec.. - BOM iz
Professional >> Axis Data - Azis Mame &
¢ Load * Profie |
Cycle Profile Data:
& Hep
Click Edit Profile hutton to modifyidefine Cycle Profile
9 4
| M istance -0 mm < %71
@
M Accelerstion -0 mm/sec? E_ 0.5
=
W ek -0 mm/sec® =
5 04
Load Mass -0 k o
|| & 2 |
_| Applied Force '| [1} M
Time : 0 B0 14
= T T T
0.0 0.2 0.4 0.8 0.8 1.0 1.2
Time(sec)
......... -
Edit Profile
< =
[
m 7 Notes
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6. This simplified version of the Profile Editor can be useful for very simple indexing. To create more complex
moves, the full Profilededs used.

ClickMore Optionto load the full Profile Editor.

Profile Editor
Simple Inde: n Parameters Segment Flat
Move Distance : I w4
1.2 4
Maove Time : |1 sec / \
o
£ 10 /
. /
Dwell Time: [0 o 8 08 / \
o
e /
Index type = | 7. Automatic - 04 4 "r}{ \
Smoothness: | . Automatic - 0.0 _’,r . T \ 1
0.0 0.2 04 0.6 08 1.0 12
Time(sec)

Cancel

[ tare Options Export Irnpart
—
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7. Let 6s

get acquainted with the full Profi

industrgtandard index moves, add loads or external forcestegpeaifs; and define acceleration and
deceleration curves with several different input parameters.

« L Start Condition

| Add - | ) Edt - G ioeent - ‘L%Ddene = @GEH&M [ Copy " |Paste

o

[index Mation Parameters ][ Segmen Pt ab
Seament Name : [New Segment 1.8
(®) Increment () Absolute
1.6 4
Move Distance:: [1 o [T o
1.4 4
Move Time - [1 e |1 sec
— 1.2 4
Indes: type I";\Aummali.: - ‘ SoEhnes I < Automatic - ‘ ’&-’}
7]
{2
E 1.0
dcedteic: [ [+ F2 Decelsenc: 3 - Zol E
>
£
= 0.8 <
2
™ Apply +ve Velooty Limit:  [15 e o
> 06 -
I &pply -ve Velocity Limit .~ [75 mmises:
0.4 4
0.2 -
0.0 - I I | | I
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Time(sec)

M Distance -0

M Acceleration -0 mmdsect }
1l Load Mass - kg H }
1 |

_léppledForce =

Export Impart
t he

[ okl ot L
eft to

ook at screen, from |

right,
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Click on thstart Conditiobutton. After opening this pane, you can deiigaystarting time, position,
or velocity. For example, if your application axis does not start from rest, you should enter that initial velocit
here.

Following three parameters are starting absolute conditions.

Tirne: IU SBC
Position : ID mim
Yelocity ; IU i e

Click théddbutton. This is how you will add motion segments to your ciycte toghilight $ome
commonly used segments:

o | -Pvmaans] | B Edit ~ &8 nsert - ||[|-2) Delete = | 334
= I

iBasic Segments
-
E
A\
Accel | Decel Cruise / Dwell Index

Advanced Segments .

‘,/ﬂ‘x ‘/ﬂ\k ‘ /_\

|| Index Logix MAM
Advance Elements

Of | L% Hide Advanced Segments

1= —
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10. Click on th&ccel/Decedegment. Thsegment will allow you to define motion using a variety of data entry
permutations.

Segment Mame INEW Segment

Time Yelosity i

[rata Entry Permutation : : z
Time Diztance

Timne Yelozity

Time Acceleration
Digtance Welocity
Digtance Acceleration

. Welocity Acceleration
Time : |1_ : (=13 I= (=13

Weloity ; IEI mmdsec IEI mméses

Jerk -

Percentage : IEI |ﬂ Skew: IEI |ﬂ

11. Now click thisddbutton and select the biasiexsegmentThHs segment allowsu to vary two parameters
besides the move distance and time.

Changing tHadex Typevill allow you to define the amount of time spent on acceleration and deceleration, and how stee|
those velocity changes are. Selgmzoidadnd notice the slidérat appear on the right hand side and bottom of the
screen. Drag them to view how the segment changes.

Inde: s 3 Bl [ 7 seqment Plat™ 4b
Segment Name : [New Segment T8 100
® Increment (©) Absolute
1.6 o
Move Distance . [T w7 mm N
T\
Mave Time : |1 s |3 sec 14 4 // \\
—, 1 p / \
Incs type [T Trapessidal = | *"**"%%% [~ puomatio  + | ° / \
‘ o / \
i ' Aulomalic E 10 4 / \
socelderk PN o 2 £ / \
A\ Trangular > / A\
5 987 / \ 7
I #pply 4 P rreecice | | mmesec o // \\
> 06 - / \
[~ ApplyveVelolylimt:  [15 | mnsec / \
0.4 / \
/ \
. / \
/
4] - / I
1.8 2.0 2.2 24 2.8 2.8 3.0 3.2
Time(sec)
0
L4l | L.'"’D i 100 |
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12. Changing tif&moothnessvill allow you to adduve to your profile. SeleStamdardets the
acceleration and deceleration jerk to#@% dit this value, transitions are smooth without greatly increasing
the torque required by the motor.

Index Motion Parameters . 3 L1 Seament Flot ™, ab
Segment Name : [Mew Segmert 1.8 100
(®) Increment () Absolute
1.6 4
Mave Distance: |1 mmo |2 i I N
1.4 / \‘\
Howe Tine: [1 s |0 see ] / \
\
. 1. .. / \
Indes e[ /) Trapeacidal = | smecthness £ Grangad <1 9 / \
7 buromatic 1.0 4 /‘ \\
acecbierk: 11 [+ Fob  Decelierk b ,l', \
/. Standad 3 / \
0.8 - / \ L=}
7 Madmm / \
I~ Apply +veVelocty Limt:  [1.5 0.6 /f \\
/ \
I~ Apply-veVeloctyLimit: |15 /s / \
04 - /'f \\
/1' \
0.2 - / \
/
\
0.0 - / T l l L i
1.8 2.0 2.2 24 2.6 2.8 3.0 3.2
Time(sec)
0
il {100 iy 100

13. One easilgverlooked feature isSegment Loaldutton.

Clicksegment Loath open the editor.
Profile Editor

Wiew  Settings

Help

pe0T juswba

Maove Distance ; |'| i

Segment Mame IN aw Segment

(®) Increment
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14. Click th&d (pushpirn) to lock the Segnt Load Editor into place. This is where you add external forces and
payload masses to specific portions of the motion profile.

[ Apply All Seaments

External Force ; II:I M

Payload Massz : Il:l kg

Mazz 3 - Offzet : IEI rirm Mazz Offzet Diagram
Mazz ' - Offzet IEI i Show Congtant Load
Mazz £ - Offzat IEI mm | Fayload Animation

15. Click theushpinagain to hide the Segment Load Editor.

16. Click thérrownext to thBeletdutton andetectDelde Allto remove the segmentdwme added during
this Profile Editor exploration.

Profile Editor

View  Settngs  Help

> SmCm-cﬁﬁmH add v C)Edit v L) insert -

| yDetete | |

|ﬁ iDelete Al th

‘L.jF’mﬁle'
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Advanced Index Types in the Profile Editor

The Profile Editor in Motion Analyzer contains several index move types. These move types all offer different benefits to
mahine builders. In this exercise, you will see the different index move types offered and the benefits of each.

1.

In the bottom left corner there is a section called Profile Plot. Bidicinoetivdcceleratioruttons to

show those values.sWill help you visualize the different profiles. Using the Profile Eddandelect

then sele¢hdex Advance Enter the following data:

A Move Distance: 250 mm

A Move Time: 1 second

There are quite a few options in the drop downAwlanddndex Type Each of these has advantages in certain
applications. You can look at the graph on the next page to see how that velocity profile changes, depending on what
of move you use.eSbetablebelowor anumerical analysis of the difiei@rd profiles. The standard index move has

been included too, so you can compare the advanced index types against a Triangular Index and a Trapezoidal Index.
ofthese moves were evaluatetldeneric distance of 1 position unit in 1 second.

Move Jpe Peak Peak Peak Zero velocity Zero acceleratior Zero jerk at
P Velocity Acceleration Jerk at boundaries? at boundaries? boundaries?
Standard Index Moves
Triangle 2.00 4.00 Inf Yes No No
13 . 1.50 4.50 Inf Yes No No
Trapezoidal
Index Advance Moves
Index SHM 1.57 4,93 Inf Yes No No
Index 345 1.88 5.76 60.00 Yes Yes No
Poly
| M
n.dex od 1.76 5.53 69.47 Yes Yes No
Sine
Index 23 1.50 6.00 Inf Yes No No
Poly
Index 456 2.19 7.51 52.50 Yes Yes Yes
7 Poly
Index Ad; 2.00 6.28 39.48 Yes Yes No
Sine
index Md 1.99 4.89 63.55 Yes Yes No
Trapezoidal
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Velocity (User Units)

2.50

Velocity

1.50 4

1.00 A

0.00 -
0.000

0.100

0.200

0.300

0.400

0.500 0.600
Time (sec)

0.700

0.800

0.500

1.000

——Index2 3 Poly

—— Index SHM

——Index Adjusted Sine

— Index 345 Poly

= IndexMod Sine

—— Index Modified Trapezoidal

——Index4 567 Poly
Triangular

——1/3 Trapezoidal
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Exporting an Index Move to RSLogix 5000

1. Choose one of the index types that you like (or a few indices if you are feeling adventurous) and build a pro
you can be proud of.

2. Click th&xportbutton on ¢hlower left hand side of the Profile Editor.

3. Click thé&lextbutton to continue to the Type of Exports screen shown. Giigik @¥theProfile Editor
radio button, and then bdlektagain.

Profile Export Wizard

Type of Exports

Selectthe desired type of Exportfrom the following available options:

& Logix CAM Profile Editor

C Logix Ladder AOQIl Instrucions

" Solidworks Motion Study Move Profile
' UserDefined

Profile generated as R5Logix CAM segments to export to RSLogixc 5000
Cam Profile Editortable wia cipboard or file

| < Back

Cancel | | Help
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4. Select th¥lotion Axis Time Cam (MAfZ)o buttcend then selddext The screen will now show the
Logix CAM Profile data calculated from the index input parameters. Depending on the index type you selec
your data may differ.

Profile Export Wizard

{; Export Options - Logix CAM

Profile Data haz been copied to the clipboard in the format shown in the table
below. Thiz data can be directly paszted to the Logic CAM table.

hlazter Slave Tvpe

1] ] Cubic

n.os 0.0071153125 Cubic

01 0.00856 Cubic

015 0026611875 Cubic

0z 0.05752 Cubic

025 0103515625 Cubic
| 4 | I »

| < Back || Mext » | | Cancel | | Help |

5. Click th&lextbutton, sele@ipboard clickNextagain, and theslick thEinishbutton.
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Switch to RSLogix 5000 andMperRoutingvithirMainProgramIignore the MATC instruction already in
Rung 0 and add a rung with a new MATC instruction (Motion Axis Time Cam) with the following values:

A Axis Follower

MotionControl MATC_Follower
Direction 0

Cam ProfileCAM_01[0]
Distance Scalind

> > > > >

TimeScaling 1

p=S

Execution ModéOnce

A Execution Scheduldmmediate
The rung should look as below:

B File Edt View Search Logic Communications Tools Window Help =181
FIEET @l [F | @l oo - 2l
Difline 0. © RUN — |H Fath [<none: ﬂ

i e e e e e e e
BaT
4 H|k=l tes | vam | mea | nan | mea | reo | rre | rece | nesu| nare | Hate »
NoEdis E=n 4 3
Fedundancy =] 0 | «|» [F Eaomert Phase £ Program Control T Fonchions A Advanced Weth f_Weth Conversians f_Wotion Sl Metion Move £ Tefion Grou |

RETE(hEdZDH _IAtD " EI EIEIEIEI ,E:_:IL;' ﬂ

@ Contraller Tags T
{3 Controller Fault Handler =
(5 Power-Up Handler MATC:

=1 Tasks

. 1 Iotion Axis Time Cam O END—
=Rt gmask Avis Follower [ ]
=8 MainProgrem Motion Contral  MATC_Follower —CDND>—
Program Tags Direction a
- B MainRoutine 5
3 Unscheduled Programs | Phases Cam Prafile CAM_0M[D] D e
=45 Mation Graups I
i Distance Scaling 1 HCIP—
L4 Follower i
o Time Scaling 1 HCPCO—
- ll;ldUHDVDUDed Azes Execution Mode Once
[+ Add-On Instructions Execution Schedule Immediate
-5 Data Types
-, User-Defined
L, Strings

-, Add-On-Defined
L, predefined
g, Module-Defined
[ Trends End)
-9 1f0 Configuration
(=8 1756 Backplane, 1756-410
-0 [0] L756-L63 RSTechEdzo11 |

1 » MainRoutine"
8 (e |HN B

nter the distance scaling Fungoof 2 [pee fier |
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7. Click on tH==I for the Cam Profile. This will bring up the Camighitdick on t—_l in the Master
Slave distance table. Sé&lasteas shown below.

Il Cam Editor - CAM_D1 o ]
2 ] ol s|$]8[E] @lala
L 0 B
L Slave Position ;I [ IMEIStBF ISH\\.IE Type |
+ I 1
- Insert INS
Linear Ckrl-L
- Cubic  Chrl-U
Cut Chrl+3
Copy  ChrHC
-0z
Delete DEL
Mact Undo  Ckrl-2
laster
+ + + + + + + _I Redo  Chrl-y
nz 04 0E ng 1 12 14 T ——
- 02
- 04
B
1| I B
[ 06 - | [Start Slope |00
4] [ > End Slope |00
b aster; Poszition: Welocity: Acceleration; Jerk; 0K I TE— I
ey | Hep |
A4
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8. Press th.‘il button on the toolbar. This will scale the move profile to fit in the Cam Editor window and the
move profile will be shown in the same fashitdodisnh&nalyzer Profile Editor. Your graphic may differ
slightly, depending on which move instruction you used.

i xd
2| s|v] wle] s|5]5]3] @lalal
.
Sla"';?‘:‘s“,i_‘.:‘" d [] [Maszter |Slawe  [Type |
o jjoo oo Cuhic
1 |003 0.0011... |Cubic
2 |01 000856 | Cubic
3 |03 0.0266... |Cubic
4 |02 005732 | Cubic
5 |02s5 04035, |Cukic
6 |03 046308 |Cukic
7 |03s 02351 .. |Cubic
5 |04 031744 | Cubic
9 |043 0.4085... |Cubic
10 |05 05 Cuhic
11 |0.55 0.5931... |Cubic
12 |06 0B8256 | Cubic
13 |06S 07645 |Cubic
14 |07 083692 |Cukic
15 |075 08364 .. |Cukic
Master 16 |08 094208 |Cukic
: : 17 |08s 09733, [Cubic |
) 12 b 18 |03 099144 |Cukic
‘.&\ ,’J 189 |0.935 0.9985... |Cubic
w o A=l 1n |"‘||"|ir~ hd
- 0z 5 4 i
- | |Start Slope (00
4] | _>|J End Slope 0.0
hd azter: Pozition: Welosity: Acceleration: Jerk: ,TI Camee] I
j1.02333 joE4 joo Joo Jo.o
Apply | Help |
&

9. Close the Cam Profile Edornot save the chand@slete the rung that you just created.
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Exporting CAM Profiles to RSLogix 50@B0%dInstructions

The Motion Analyzer Profile Editor supports the creatim lottkddtion (AOI) ladder code. Rather than creating a single
segment that cannot be easily changed programmatically, this option breaks each section efiptaicmotiantipaofil

can be easily changed within the logic. When using an index, the distance and time can be changed in the AOI and the ne
move will be calculated in RSLogix 5000 without having to export a new Cam Profile from the MoEditoknalyzer Profile

1. In the Motion Analyzer Profile Editor, start the export process for the same motion profile again by clicking tl
Exportbutton. Cli¢kextand then select thegix Ladder AOI Instructioraglio button.

Profile Export Wizard

{‘y* Type of Exports

Selectthe desired type of Exportfrom the following available options:

' Logix CAM Profile Editor
* LogixLadderAOl Instructions
" Solidworks Motion Study Move Profile

" UserDefined

Profile generated as AOl instructions to export to RSLogix 5000 ladder. Add
On Instructions (AOI) are required for this to funchon.

| < Back " MHemut » || Cancel || Help
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ClickNextand then selddtionAxis Time Cam (MAT@)licNextagain and you will see the ladder logic
in neutral text format.

Profile Export Wizard

ExportOptions - LogixLadder

Profile Data haz been copied to the clipboard in the format shown below. This
data can be directly pasted to the Logoc Ladder Diagram. Please make sure

thatrequired AOI's have be en imported into Logoc before importing thiz data
into Logoc

HICEOI_CE_Build_Cam[1])
AOI_CG_01_START_NEW_CAMADI_CG_01[1].0.0,0.0,0.0 A01_CGIA
QI_CG_1Z2_INDEX_5Std_Profile(dD|_CG_12[1].A01_CG.Move_Tvpe_lncremen
tal.1.0,1.0,A01_CG Fifth_Order_or_345_Polynomial, 20,401 CGH0A
Ql_CE_99_CORY_TO_RURMN_Cahmiaol_CGE_89011A01_CG_Run_CamADl_C
GOTUGOI_CG_Build_Cam[1])

[

< Back || MHext » || Cancel || Help |
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3. ClickNext selecClipboardclickNext and then cli€lnish Switch back to RSLogix 5000 and your ladder
logic should still be open from the presation.

4. Double click on the label for the last rung(Etbled

5. Ifthedresdown menu next to the text edit field says
field to the right of that, paste the clipboard datarigfdclickrand seldeaste useCtrtV, or use the
Edit Menuo seledPaste HitEnteron your keyboard to accept the changes to the rung or the green check
box that is highlighted below.

B File Edt View Search Logic Communications Took MWindow Help =181
EIEEEEE o Hlael F e @Al oo, 7] 8]
Dfline 0. © RUN |H Fath [<nanes ﬂ
Mo Forces p|C o
o Edis a ”: BAT LN (=0 Iﬂ e | e [ [ | [ oo e [ e e e e O
=T}
Fredundancy L 0 | «|» [FEqupmert Phass £ _Progrem Cortrol_A_Forbreak A Specl A Trs Fundhions f_Advanced Malh £ Malh Conversions _{_Moton Stde_,_Motion Mowe £ Tigion Grou [
g = 5| B & [ 8 [ = <a
Controller RSTechEdz011_IAL0 EI ﬁﬁl—l—l I__dl__l _I
[ Controller Tags Rug 1 [inNeua Te || o] 3] 0ATICG Fith_Drcer_or_345_Fomomial 20 ADI_CAJIG1_C6_83_COPY_T0_AUN_CAMIADI_C5_SE(1LADI_CG_Fun_Cam AD_CGI0TURGL_C6_Buld_Canl1
[ Controller Faul Handler .
[T Power-Up Hardler | MATC- -
- Tasks 0 Motion Axis Time Cam FCEND—
=g MainTask Axis Master [.]
=58 MainProgram Motion Control  MATG_Master (DN >—
Program Tags Direction 1]
[ ManRoLtine LCERY—
(23 Unscheduled Programs | Phases Cam Profile can 00[0] [
-5 Matian Groups Distance Sealing 1 HCIP—
=g ME_L
- Folwer Tirne Sealing 1 HCPCO—
4 Master
(3 Ungrouped fixes Execution Made Once
-1 Add-On Instructions Execution Schedule Immediate
(=4 Data Types
[, User-Defined
Ly, strings
L, Add-on-Defined
g, Predefined A
Module-Defined 9 e
[ Trends e
=45 1/0 Configuration .
[ B 1756 Backplane, 1756-410
0 [0] 1756-L63 RSTechEd20lL |f| (End)
< [l | » lm;.umu:nina* 3 »
eady Rung1of 2 =2

260180

—



The screen shot below shows the logic after it pastbe@mto the routine.

B Fle Edt ¥iew Search Logic Communications Tools Window Help

p -1 o
SEEENREE R o Emw| [E E Q& [ +] &
Dfline 0. © RUN — Fath [<nanes =] &
Mo Forces p|C o
Mo Edits = ”: G ﬂ H | (=] | = nnsl nnnl nwl nnnl MAG | neo | MRP |HCCF|MCSU|HRF’C|HRTC| ﬂ
=0
FET— [N 0 | «|» [REqupment Phass £ Program Cortrol & _Forreak TG Funchions & Advanced Walh A, Malh Conversions A Woion Stale_7, Motion Move { Taotion Grou
55 || ES |5 et 2 [abo <] sasl ‘
Controller RSTechEdz011_IALD " M il —I——l —I
T T =
-+[J Cantraller Fault Handler =
(3 Power-Up Handler
£ Tasks A0I_CG_Build_Cam{1] [—————ROI_CG_01_START_NEW_CANM 1_CG_12_INDEX_Std_Profile———————
218 MainTask 1 JE —
53 ManProgram AOI_CG_01_START_NEW_CAM A0L_CG_O1M] [o] [CENI— | ADLCG_12_INDEX_Std_ A01_C6_A2(1] [] [HEN—
Inp_Start_Siops 00 Cfg_Move_Type  ACLCG Move_Type_incremental
[ MainRoLtine pe— be  HERY
Inp_Master_Start_Posiion 00 Inp_Mester_Position 10
~[ Unscheduled Programs | Phases Lepoo
-4 Mation Groups In_Slave_Start_Postion 00 Ina_Slave_Posttion 10
=g ME_L
45 Follower Ret_A0LCG #0ICG Cty_Profile 0|_CGFifth_Orcier_or_345_Polynormial
A Master ae
(3 Ungrouped Axes Cfg_Flemerts 20
-5 Add-On Instructions Rt Seqment te
Data Types Sts_ERR 0e
(O, User-Defined Ref_A0L_CG £016
g, strings
Add-On-Defined
Ly, predefined l} A0|_CG_99_COPY_TO_RUN_CAM———————— AOL_CG_Build_Cam(1]
Module-Defined ar
(3 Trends AOI_CG_89_COPY_TO_RUN_CAM A01_Co_99[1] [ HEN—
1/0 Configuration Run_Carm _type_CAM_PROFILE_995 A0|_CG Run_Cam
= 1756 Backplane, 1756-410 Rpt_Master_Start_Position 00& {ER}—
... §9 [0] 1756-L63 RSTechEdzn11_ Rpt_Master_Endl_Postion o0& =
Ret_Min_Slave_Postion 00 HPCI—
Rpt_hax_Slave_Position 00e
Rpt_in_Siope noe
Rpt_hiex_Slope: 0ne
Rpt_in_coeleration 0oe
Rpt_ax_Accelerstion n0e
Rpt_Segment oe
Sts_ERR 0e
Rpt_Error_Segmert ne
Ref_A0I_CG 201G
(Encf)
‘ » WainRoutine®
L | | b
isplay the language elements contained in the group: Special RungDof 2 e [iER
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Importing CAM Profiles from RSLogix 5000

The Motion Analyzer Profile Editor supports the import of some Cam Profiles from RSLogix 5000. At this time, it does not
support two consecutive linear segments (which by defestaodisoeatinuity in the velocity profile which cannot be

accurately simulated). In this exercise, you will import the Cam Profile from RSLogix 5000.

1. Inthe Motion Analyzer Profile Editor, click the arrow Dejétebiiton and then se@ekte Allto
delete any existing segments. AdlicindLogix Elements

Help
‘ ] Profile = | L~ SmCmcﬁﬁc:rn“[._E'}ﬁdd "B ||} _.Joeees =
&' |Start Condition : 0 o 1 [

o
bt
E/ sl
= f \
B ; : :
2
Accel / Decel Cruise / Dwell Index

Advanced Segments

l/“\ l/“\ I/_\

Following three parameters g

Index Logix MAM
Advance Elements
L4 Hide Advanced Segments
Time : IU T = a2
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2. Switch to RSLogix 5000 and select the MATC in rung zero. Ellfmrthleecam Profile. Select all of
the segments and then right click to copy all of the segmemnits |iis ginportant not to select the row
marked with the asterisk, since it will cause errors when pasted into Motion Analyzer.

_i5ix]
2] 7|y o] s|3|5]3] @la/a

™ Elave Position

MMaster

t t
=] Ta

Linear krl-L
Cubic Chrl-U

Chrl+3
b Copy  Chr+C
L

Delete DEL -
[ —

Unda  Chrl-Z

T Redn kv
LI I » Eﬂ*
b aster; Poszition: Welocity: Acceleration; Jerk; 0K I TE— I

I | | I I
e ] I Help I

4
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3. Switch back to the Motion Analyzer Profile Editor and click the button in the Logix Element Motion Parametse
pane ladedimport from Logix EditoiThis will pull the data in from the clipboard, assuming that the
clipboard contains RSLogix 5000 Cam Profile data. If you turn off the Acceleration graph by pressing its bu
in the lower left, your screen should nsabcte thi

1) Frol - | St Goniton || 2~ | & et = (5 nsert - | 3 Dl - @ug“_gm Elal tovout - (1 Tt |
| Logix Element Motion Parameters : 1 7| [lﬂ’ Segment Plat™y 4
SegrertName [oowoegment 15 15
Fallowing Master and Slave vahies are absolutelcumuative)
Eleme| Master WUl | Slave SU  Slope SU/MU | Type
Stat 0 i 0 Start
12 i Linear 10 10 4
z s 10 Cubic
3 7 12 Linear =
©
FRRRTI 10 Cubic £ @
5 @ i Cubic = g
E] i Linear s . |E .
7 o® 10 Cubic g 1 5 El
s 12 Cubic s 5
3 2 10 Cubic g o
03 5 Cubic o
4 >
Expot to Logix Editor Import from Logix Ecitor
0 0
5 - 75 I I 1 I 1

0 10 20 30 40 50 60
Time(sec)

il icoeleration i/ sec?
Werk -lo mmisec
Bl Load Mass -0 ka
CléppliedFoce— ~| 0 N 1

] Profile d erved Paramete; ommen|
[ Less Options [ Ewpon Impart ] [ ok Cancel |

This can now be used to size the motor and drive combination.

4. Cl ose RSLogix 5000 and Motion Analyzer. You dor
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Using Tuning Simulation

In this section of the lab, you will use the simulation tools builAimty&otiorverify that the system stands a good
chance of being commissioned successfully. You will analyze three different axes, all of which have already been sized.

The tuning simulation feature in Motion Analyzer is able to show the liketywiyrafraitobe and motor, being
controlled by a servo drive and a Logix controller. The simulator is able to factor in real world consittgrations such as tun
gains, filters, compliance, backlash, and external disturbances.

Running a tuning simwlaton ot only gives a good indication of the sys
along the profile. This will help mitigate costly design changes and allow for faster commissioning.

1. Open MAXZTuning Sinationmba in the:\Cab Files folder.
After acknowledging the disclaimer, the System View page will load, which shows a system in Motion Analyzer. The tt
axes represent the three test cases you will simulate in this exercise:
A Axis I Low inertia motor with couplsitafo
A Axis 2 Motor with planetary gearbox
A Axis 3 Direct drive rotary motor

File Edit Anslysis Database Options Tools Toolbars Application Templates BOM  Help

~dBE W ® o [/ e
D i D d;'b (@) W EEESVStemv'EW %: Axis Wiew " |Power Supply j Ace... BOM View
System View | Humber of Power Rail Slots Required by Application= 4 & Help
Sizing Mode
?‘E“‘é“«!
i £ 3
@ Axis Ho.: 1 Low inertia motor o S = Professional
- ! | > = otor: = -81...
. = E}_ g @ ID I Drive: 2094-BCOT-MOS...
. =L Gearboxt NOMNE
2094-BCO7-.,
Shunt: INTER NAL e
Classic
‘ Axis No.: 2 Motor with gearbox w—
—! 1 S = Motor:  MPL-B330P-31.. |& - p—
E}- g # D) b 1\ Drive: 2094-BMOL-5-2... —
h = Gearbox: GPLOBS-007
S Just Quote
@ Axislo.:3  Direct drive rotary B ey % Bl O P
3 > =] Motor: RDB-B21519-3.., &
EI g @ IB . I\, Drive: 2094-BM0OZ-5-Z...
. - Gearbox: NONE
Add new Adis |
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2. Double click dwxis land select ti8olutiontab. You will see that all of the bars are green, indicating that the
system is properly sized, however the inertjarediyohigjhalmost 50:1, which may cause dynamic
performance issues.

File Edit Analysis Database Options Tools Toolbars  Application Templates BOM  Help

D N D |@ C W ﬁ—z—ﬁsystem Wiew ‘ % Axis View ’i y/ Power Supply | Acc.,, = 7 |BOM Vigw ‘
Prinkt Prs

Professional >> Axis Data - Low inertia motar

¢ Load | ¢ Profile | « Transmissions | ¢ Motor | « Drive | Selection Solwtion | | AxisSton | x Configure AxisBOM | (23 Super Review
Component Details Axis System Performance
Summary | Moter | Diive | Torque - Speed |Powel-5peed| Load | Themal | REM |
Motor 1
<| WPL-B560F |=| Sotor - Drive
o
Motor Capacity (Termp) (DD 64w b
Peak Speed - 12%
60
Peak Torgue 69%%
Brake Ratin
a I 40
Inettia Ratio | 46.95 : 1
- 20
Exc= <| 2094-BC07-M05-S-200 =] T
AC3ph, 480 -10%A10% b
Drive Capacity (Ternp) IR 6% P
Awerage Current || 149 §
Peak Current [ 42% 20
Bus Liilization || [T
Gearhox ‘ ‘ | | |
-6
Feak Input Yelocity I
RS Targue I -80
=3000 2400 -TB00 -T200 -600 [ G600 T200 THOO 2400 3000
Peak Tormue I Spead (row )
I

Morninal Speed

Quadrant Torque
’7(" Single 1+ Faur ’7 Peak  AMS Graph Detaull T

[=] Add to Solutions) List
.o “ﬂh";:;;';li's' N T"'“""“;:;;‘;Ji: _.|" ET::;‘;: [%, Simulation [uv, SegmentData| | Solution List | | ‘

o =% zzdlom,

3. In order to determine the dynamic performance of the system, you c&inaliEtiorbtitton at the
bottom of the Solution page.

Add to Solutions IjstI | | | ool

Iﬂ‘ey‘ Simulation Iav_, 5

Fhiciency
Analysis

This will launch the tool that albante gimulate the performance of Kinetix 2000, Kinetix 6000, Kinetix 7000,
and Ultra3000 SERCOS servo drives operating with a Logix controller. When the tool opens, a dialog box v
appear click th©Kbutton.

x

Default Logix5000 gains will be loaded
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4. Take a moment to familiarizegfowith the screen. On the left hand side, there is information about the
control system including the processor, drive, motor, and load. On the right hand side are the tuning param
that would be used in RSLogix 5000. In the center, tiner¢hiat sh@wvs the predicted velocity feedback,
predicted torque feedback, and the predicted position error.

Tuning Simulation ¥5.35 ol x|
File Help

QO CommanZera & Overlapping O Independent [ Spectum [ Display Inertia / Tarqus [ Suppress Labels ~Loop diagram

Zoom In

ﬁ% MotionAnalyzer

[lesign Moficn Control Systams

Explain Bandwidth / CL gains
r Controller
Coarse Update  mS 2 %I
SERCOS rate mS 1 ition Gains
Counts/motar rev 200000 Propartional 14s 152
CountsAJszer Unit 200000 Integral 1émzs 0

Pasition Units kit Revs
 Veloeity Gains

Propartional 1/ 3891
Integral 1émzs 0

rDrive 2034-BCOT-M05
Continuous Curent & 48.9
Peak Current A 978

rMotor MPL-B560F-S [ Integrator Hold

Motor Inertia kgmé 00213
Cant, Torque Mm 268
Peak Torque Limit % 324
Feedback -

FEB Counts/rev 2097152

rFeedforward Gains
Vel Feediorward % 0
Accel feedfonward % 0

- Output

Load Inertia Ratio -1 0

Torgue Difset Z o0
o
0

rLoad (reflected to motor) ——
Total Inertia kam? 1
Rigid Inertia kam? 0
Decoupling Factor 1

Low-pass Fiter  Hz
Motch Filter Hz

 Limits
Posr Ermor Tolerance E58

o

Step Torgue Mm

[ Thick Line O Unit Labels [ Grid

Step Start Time Sec O Fun | _Stop Retun | _Copy | ‘ ‘EI Tarque Ripple
Step Duration  Sec 0 Cycles 1
Ayis ID

Stiffness Mmideg 0
Damping factar 05
Backlash arc min 0

The trends shown here represent the system performance with defadiltthatingegamshat the controller has not
adapted the gains toomemodate the load. The dynamic performance in this case is a bit sloppy, which can be readily
seen by the differences in command Yglegiturvend actual velodigyeen curve) in the uppermostiplot

RSLogix 5000, the Atime function wakekmine the reflected inertia of the load and then adjust the gains as needed.
The Motion Analyzer Autoe functiamill use the same equations alorthenvitiad that was entered to produce the

same results.
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5. Click th&utoTunebutton, and therckltheTunebut t on t hat will appear. Th
need to click tReinbutton in order to see the results of tHeiA@toNotice how the performance changed.

-ioix]

Filz Help
Q) Common Zero (& Overlapping O Independent [ Spectum [ Display Inertia / Torque [ Suppress Labels ~Loop diagram——
Zoarn |n |
17 MotionAnalyzer
ﬁ Diezign Motion Contral Systers
Explain Bandwidth / CL gainz |
~Controller

Auto-Tune |

Coarse Update  m5 2
SERCOS rate m3 1
Courts/mator ey 200000

Position Gains
Fropartional 1/: 152

Counts/User Unit 200000 Integral 1/ms-s 0
Faosition Unitz Mir Revs
r Velocity Gains ——
Drive 2094-BCOT-M05 Proportional 1/ 3891
Continuous Cunient & 48.9 Itegral 1fmss 0
Peak Currert A 978
O Integratar Hald

rMotor MPL-B560F-S
Matar Inertia kg 00213
Cont. Torque Nm 26.8
Peak Torque Limit 2% 324
Feedback -

r Feedforward Gains
Wel Feedforward % 0
Accel feediorward % 0

FB Counts/rew 297152 - Output
Load Inetia Ratio 1 489
—Load {reflected to motor) Torque Offzet % 0
Tatal Inertia kar? 1 Low-pass Filter Hz 0O
FRigid Inertia kgr® 0O MNaotch Filker Hz O
Decaupling Factor 1
rLimits

Posn Eror Tolerance 658

=

Step Tarque Nm
Step Start Time Sec
Step Duration  Sec

O Thick Line O Urit Labels [ Grid

Stnpl M ﬂl ‘ [ Torque Ripple

=

=

Cycles 1

Axiz 1D

Stiffness Mm/deg 0
Damping factar 05
Backlazh arc min 0

6. Click thé&utoTunebutton again, but now you should ékplditferent options available before clicking the
Tunebutton.You can also customize yaurgiy venturing away from one of the tuning modes shown. Be
careful thoughsome tuning parameters should not be used at the same time, and hasiagtivere gai
does not mean better performance!
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Compliance in Couplings

Letds start with analyzing the coupling that medonnect s
that the shaft and screw are directly coupled sinesnatechéered any data to suggest otherwise. Given this coupling, how
does the simulation perform?

T Rating Rating Torsional Rigidity
ype {Nm} {Ib in) {Nm/degree)
y J > .
NS o | 95 840 116
=\ &

1. Enter the torsional rigidity value of 116 Nm/degree (alsetkfregg asi nt o t he proper f
bottom left ower of the simulator window. Run the simulation again. This screenshot was taken after
performing a Basic Alutoe.

Tuning Simulation ¥5.35 — O] x|
File Help

€ CommonZero (2 Overlapping € Independent [] Spectum [ Display Inertia / Torque ] Suppress Labels

ﬁQS MationAnalyzer

Design Mction Control Systams

Explain Bandwidth / CL gains

Controller
Coarse Update  mS 2 %
SERCOS rate mS 1 Gains
Counts/matar rev 200000 Propartional 14z 152
Counts/zer Unit 200000 Integral Témes 0
Position Units Mtr Revs
- Velocity Gaing ——
Drive 2004-BCOT-MoS Propartional 14 3891
Continuous Current & 489 Irtegral 1mes 0O

Peak Current A 978

[ Intearator Hald

r Feedforward Gains
Vel Feedlorward % 0
Accel feedforward % 0

rMotor MPL-B560F-S
Motor Inertia— kagré 00213
Caont. Torque Mm 268
Peak Torque Limit % 324
Feedback -

FB Counts/rev 2097152 — Output
Load Inertia Ratio -1 489
rLoad {reflected to motor) Torque Dffset % 0
Total Inertia kgt 1 Low-pass Fiter  Hz 0
RigidInetia ~ kor 0 Wotch Filver Hz 0
Decoupling Factor 478
rLimits
senT - Posn Ermor Tolerance B53
ep Torque m
Step Start Time Sec 0 Return | Copy ‘ ‘ E ¥:E:,ELETDD|E O Unit Labels  [J Grid Posn Lock Tolerance .01
Step Duration  Sec O Cycles 1

Axis D

Trends - Min / Max

Stiffness Nmideg 116
Dwmg factar 05
Backlash aicmin [
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2. Use the selection of couplings below to explore which are acceptable for this application. It may be helpful
change the Adtane Application Type as well. Enter the torsional rigidity and run the simulations:

T Rating Rating Torsional Rigidity
ype {Nm}) {Ib in} {(Nm/degree)
-~
. vy
(:' £ 95 840 116
|
~ / ]
_/// rd \
" l Vs B0 531 516
80 709 2222

Note: In servo applications, couplings need to be selected for both torque rating and stiffness. Tuning simulation can |
determine if a pawtar coupling is suitable.

3. Exit the current simulation by clickRettiiEbutton and then seledingvhen the pagp box appears. If
you choose Yes, you can save your tuning parameters for the commissioning process.
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Backlash in Gearboxes

Notetat the motor is only reaching 12% of its peak speed. By adding a gearbox, we can significantly reduce the torque
requirement at the motor and increase its speed, which would allow a much smaller motor and drive.

1. Click on tharrow to the right of ¢hAxis Vievbutton, and select Metor with gearboxf a dialog box
appears, cli€kk This alternative shows the same load and profile, but with a smaller motor, drive, and 7:1

gearbox.

File Edit Anslysis Database Options Tools Toobars Application Templates BOM  Help

D Y D d;-b D W ﬁ—z—bsystem Wigw ‘ % Axis View

Professional >> Agis Data - Motor with gearbox

+ | JPawer Supply | Acc... - 7 |Bom view ‘

v Load I v Profile | ¥ Transmissions | ¥ Motor | v Drive I Selection Solution |Axis Stop I v Configure Axis BOM | (43 Super Review I

Component Details Axis System Performance
Summary | Motor | Diive | Gearbox | Torque - Speed | Power-Speed | Load | Themal | REM |
Motor o
< ‘ MPL-B330P | > | Motor -Drive
wotor capacity (Termp)  IDDNENEE 5o
Peak Speed I 0w
Peak Torgue 66%0
Brake Rating I
Inertia Ratio | 17.07: 1
¥ <| 2094 BMO1-S 250 |=] 3
AC3ph, 480 -104%410% i
Drive Capacity (Temp) 5290 E,'
g
Arerage Current ] 225 g
Pask Current I saw
Bus Utilization 6790
Gearbox{ 7:1) < ‘ P ‘ GPLO0B5.007 | > | 3 |
Peak Input Velocity 56940
RMS Torque ] 325 12
=5000 -§000 -3000 -2000 -T000 0 T000 2000 3000 4000 5000
Peak Torgue Fa% Speed (rpm ) 5
MNominal Speed | ] 2895 Bt Torque
[=] Add to Solutions List ’7(‘ Single & Four ’V Peak  RMS Graph Detaill T
-] Ratio,/Design Tolerance/Design |-~ Efficiency - - k== - -
o ‘Analysis W ‘Analysis __.| ‘Analysis [%‘ Simulation [g Segment Data| : Solution List | | ‘
Q. = Lo
£ (5] EdY o
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2. Although correctly sized, it is important to tesintiembnormance of the system. CliclSonulagion
button and then acknowledge that the default gains will be usedikoy clicking

We see below that the fAout of the boxo r eseethdts are a
is set to 1:0 (since an Auwhoe has yet to be performed). The Backlash has been set to a deimdt tifdughc
you can change this for your specific gearbox.

Tuning Simulation ¥5.35 ol x|
File Help

o™

QO CommanZera & Overlapping O Independent [ Spectum [ Display Inertia / Tarqus [ Suppress Labels ~Loop diagram

Zoom In
ﬁ% MotionAnalyzer

[lesign Moficn Control Systams

Explain Bandwidth / CL gains
r Controller
Coarse Update  mS 2 %I
SERCOS rate mS 1 ition Gains
Counts/motar rev 200000 Propartional 14s 299
CountsAJszer Unit 200000 Integral 1émzs 0

Pasition Units kit Revs

 Veloeity Gains
Propartional 1/s  764.6
Integral 1émzs 0

rDrive 2094-BMi1
Continuous Current & 8.62
Peak Current A2185

—Motor MPL-B330P-5 [ Integrator Hold

tdotor Inertia kgmé 00012
Cant, Torque Mm 418
Peak Torque Limit % 312
Feedback -

rFeedforward Gains
Vel Feediorward % 0
Accel feedfonward % 0

FE Counts/rev 2097152 r Output
Load Inertia Ratio -1 0
rLoad (reflected to motor) —— Targue Offset o0
Total Inertia kar? 00205 LowpassFiter  Hz O
Rigid Inertia kgré 0000071 Motch Filter Hz 0
Decoupling Factor 171
 Limits

Posr Ermor Tolerance 558

Step Torque Hm 0 [ Thick Line O Unit Labeds [ Grid

Step Start Time Sec 0 Run Stop M ﬂl ‘ ‘ [ Torque Ripple
Step Duration  Sec 0 Cycles 1
Ayis ID

Stiffness Mmideg 0
Damping factar 05
Backlash I rhin

@

3. Click thé&utoTunebuttonTunebutton, and then tenbutton.

Does performance i mprove? Think about what is happen
position loop bandwidth.

4. Try thédutoTuneagain, but adjust the Position Bandwidth (laBebiticasB\WWto 10 Hand sethe
Appkation Typ Tracking All of these options will be visible after clickingéuithen clitkneand
Runagain. As you can see, there is a significant change in the performance (the system is more stable now
but the position error has increasedll.

Note: In servo applications, gearboxes need to be selected for the torque rating and the backlash. Tuning simulation
help determine if a gearbox is stable before commissioning, and will also help you to prevent noise and potentially harr
gearbox chatter by entering in your simulated gains.

5. Exit the current simulation by clickRetthiebutton and then seledidpgvhen the pap box appears.
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Reducing Compliance and Eliminating Backlash

1. Switch to tHeirect drive rotarsxisby dickngon thearrow to the right of the Axis Viewtton, and
seleangtheDirect drive rotarylf a dialog box appears,@kck

This axis shows the same move and load profile, but wisaatefRotary Direct Drive motor; these raotors ar
specifically designed to reduce compliance and eliminate backlash from the connection. By removing these parasitic
properties from the system, the performance can be improved dramatically.

File Edit Anslysis Database Options Tools Toobars Application Templates BOM  Help

D % D @l D W ﬁ—z—ﬁsvstem Wiew % Axis Yiew F + |Power Supply [ Acc... = | ¥ |BOM View ‘

Professional >> Agis Data - Direct drive rotary

v Lna(ll v Proﬁlel ¥ Tmnsmissinnsl v Molorl v DriveISeIeclion Sﬂllﬂi')lll ! AxisStopI v Configure Axis BOM | (43 Super Review

Component Details Axis System Performance
Summary | Motor | Diive | Torque -Speed | Power -Speed | Load | Theimal | REM |
Motor |
| RDB-B21519 |= | iotor . Drive
Waotar Capacity (Termp) 44940
Feak Speed ] 29%
Peak Torgue 60%0
Brake Rating I
Inertia Ratio | 10.64: 1
¥ <| 2094 BM02.S.250 |=] 3
AC3ph, 480 -104%410% i
Drive Capacity (Temp) 4455 E,'
g
Arerage Current | ] 18% g
Peak Current 4456
Bus Utilization 4094
Gearbox ‘ ‘ | | |
Feak Input Yelocity I
RIS Targue I 100
-1500 -1200 -900 -600 -300 [ 300 600 900  F200 1500
Feak Torgue I Speed (rpm )
Marrinal Speed I Guadrant Torque
[=] Add to Solutions List ’7(‘ Single & Four ’V Peak  RMS Graph Detaill T
) Ratio,/Design Tolerance/Design |-~ Efficiency - - k== - -
# ‘Analysis W ‘Analysis __.| ‘Analysis [%‘ Simulation [g Segment Data| : Solution List | | ‘
e@—mﬁ—ﬁﬂ . 7 Notes |
£ (5]
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2. Click on th®&imulatiorbutton and cli€Kto acknowledgiat the default gains will be used for the first
simulation.

Tuning Simulation ¥5.35 — O] x|
File Help

€ CommonZero (2 Overlapping € Independent [] Spectum [ Display Inertia / Torque ] Suppress Labels Loop diagram

Zoom |n

Q‘IQS MationAnalyzer

Design Mction Control Systams

Explain Bandwidth / CL gains
Auto-Tune

fon Gains
Propartional 14z 152
Integral Témes 0

Controller
Coarse Update  mS 2
SERCOS rate mS 1
Caurits/motor rey 200000
Counts/User Unit 200000
Position Units Mtr Revs

- Velocity Gains
Propartional 1/s 3899
Integral Témes 0O

rDrive 2094-BMo2
Continuous Cumert & 146
Peak Current A 365

[ Intearator Hald

r Feedforward Gains
Vel Feedlorward % 0
Accel feedforward % 0

—Motor RDB-B21519-T
Mator Inertia kagmé 0034
Caont. Torque Mm 327
Peak Torque Limit % 276
Feedback -

FEB Counts/rev 4194304

 Output

Load Inertia Ratio 1 0

Load {reflected to motor} Torque Offset % 0
Total Inertia kgm? 1 Low-pass Fiker  Hz 0
Rigid Inetia kgne 0O Notch Filter Hz 0

Decoupling Factor 1

rLimits
Posn Emor Tolerance 27

o

Step Torque Mm

O Thick Line O Unit Labels [ Grid

Step Start Time Sec O Fiun Stop _IHE“‘"" _ICDW ‘ ‘ O Torque Ripple
Step Duration  Sec O Cycles 1
Axis D

Stiffness Nmideg O
Damping factar 13
Backlash arc min

o

As before, we need to tune the system in order to get better dynamic response. Look closelyfthebgk at the out
performance. Since Rotary Direct Drive motors are more irgendiffeteriaes between the inertia of the load and
the inertia of the motor, thefdliebox gains provided a much closer approximation than for the other axes.

3. ClickAutoTuneand select tHgackingapplication type from thedpwth menu. ClitkneandRunin
order to see what the system performance will be.

With the direct drive matumredothe ayxhti emedoseabhet pree da
following error.

4. Exit the current simulation by clickRegttlisbutton and then selediinpgvhen the pagp box appears.

5. If continuing on to the Advanced Tuning Simulation section, leave Motion Analyzer open. Otherwise, you c:
exit the program without saving your work.

Note: The cost of making a design anamgéield is estimated to be 10 times higher than during the machine build, and
100 times higher than in the design stage. Using this Tuning Simulation helps to reduce the risk of design errors, while
providing information that can help topesbiieet cost. Finding an optimal design that is not grossly oversized or too

small to meet the dynamic performance requirements will help you maintain costs.
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Advanced Tuning Simulation

This section is designed to be completed bigarghiauning Siatidnsection or by those users that already have a

familiarity with Motion Analyzer; many steps are intentionally covered in less detail than other sectianswilh this section,
learn how to import complex profile data from a Microsoft Erteldtssutive, you will be challenged to create the best
control solution from a Total Cost of Ownership pérséattiviecludes acquisition cost, power consumption, and

commissioning time.

1. Ifitis not already running, open MA&I20 Tung Simulatioomba located in Cab Files.

2. From the System View, add a new axis by clidd new s | hutton below the existing axes.

3. Acknowledge the dialog box that appears and continue.

This message will inform you that the Integrated Axisnfigdegan that had been chosen is no longer valid. Since a

new axis has been added, the converter module of the system will need to be sized again.

4. Click thépplication Dathutton for the new axis.

File Edit Analysis Database Options Tools Toolbars  Application Templates BOM  Help

W™ d;-h (5 W |0 | | svstemvien | | s i |5 Power Supply  Acc.,. < |[]|BOM visw
System View | Hot Completed {2 Help
Sizing Mode
?ld'g!
@ AxisHo.:1  Low inertia motor £ .
+ 5 ~ =l Motar: MPL-BSE0F-51... £]
E_[ -c Dt) b El 1 Drive: 2084-BMD5-5-2.., Professional

‘ Axis No.:2 Motor with gearbox

" ®

@ Axis NHo.: 3 Direct drive rotary

" -® |~

Gearboxi MOME

Motar: MPL-B330P-51...
1 Drive: 2094-BMO1-5-2...
Gearbox: GPLOSS-007

Mator: RDB-BZ1513-3...
1 Drive: 2094-BMO2-5-2...
Gearbox: NONE

Axis Ho.: 4 Axis Hame D
-
EI [ APPLICATION DATA
) START HERE
Click here ta enter the application data.

Add new Asxis

EAEEFAED 2

Classic

w—
w—
e

Just Quote
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5.

In the Load Type screen, click @elietbutton fdRotary Complewad types.

File Edit Analysis

Database Options Tools Toolbars  Application Templates

BOM Help

DA d e w o

System Wigw

| s View F O Powser Supply | Ao, ©

Professional >> Axis Data - Axis Name D

* Load |
Load Type ; .
1\ @ Help |
Please choose from the available Load Type options.
Linear Rotary Rotary Complex App. Templates From Solidworks
Select Selact Select Selact Selact
L [ ) | [
<
Applications with linear load Applications with rotary load Applications with Complex Pre-configured Mechanism Applications with loads:
motion motion Ratary motion. Application Templates defined in SolidWorks
Uszer defined and Rockwell Changing load or inertia aszemblies
Automation linear during the rotation of the load
mechanisms
D [ ¢ Naotes
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6. The defaults for the Rotary Complex are shown. You can use one of the existing templates for entering you
data, but in this case you will usks#rBefinecoption. This gives you more freedom to analyze y
complex load withg&arty computational programs or to verify the dynamics of motion that were calculated by
hand.

File Edit Analysis Database Options Tools Toolbars  Application Templates BOM  Help

D .Q E dg] [& W System Wigwn | Ast Yiew F Pavier SUpply f Aty - EOM Wiew

Professional =3 Axis Data - Axis Name D

L

* Load |

Load Type:  Rotary Complex -
—— & Help

nt‘\% Complex Rotary Load Data Entry
L

Change Load Type

Load Data:

Complex Load Data: & UserDefined € Template Il_lnha\anced Load ~| E)Gco Image | Graph |

Repeating Limited Range
LG @ o (360 deg Unwind) o (Mo Unwind)
Position Inertia Applied Torgue Friction Torgue
Fl Description
rev kgE N-m N-m

10 1} o
2 DD0027FF7TEay 0 o
3 000555555634 0 i}
4 0008333333720 i} / / ?i
5 001i0a0 i} * X \
E 001338888847 0 1] - ‘ ‘
0 -
By

[ Export =] Impert Copy [ Paste % Delete %] ClearData

\ {
Min Position: |0 rew Mz Position: |1 ey | 53 SampleData \é \ ‘ : :I &
N Driven:.
Driver

Mote: Enter Start Angle as Position in Start Condition in the Profile Editor

o D#i uen‘\,\:’"

o

o

0 Driven

a Driver
0

1}

B —D | .- Notes | | Proceed toProfile Definition » |
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7. Open the file\Cab Filagdvanced Tuning Simulation.xiexsee the load that will be entered.

This could represent a védieak. Note the graphs on the side that show the inertia and applied torque of the rotary
load. The applied torque is calculated by determining what static holding torque would be required to prevent the load
falling. In this example, the cirootion of the crank has been broken into 3.6° inci@feetstions around the

circle.
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