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Tutorial for the LinMot Designer Motor Sizing Tool

LinMot Designer is a sizing tool for the LinMot motor system. It helps to choose the right linear motor and servo drive for a
specific application. It also helps to find the right rotary motor for a given linear-rotary application. The examples in this
Tutorial will introduce the use of the LinMot Designer sizing tool. The first example will explain the designer functionality
for the use of linear motors in linear applications. Example 2 shows, how a rotary application can be designed. In example
3, the import of a custom curve as a motion profile is discussed.

Why use a design program?

One can pose the question why a design program for linear servo motors is required at all, if the relationships may be simply
explained by the formula F = mxa. The reason is that, for exact drive design, certain additional limiting conditions must be
considered during calculation:

e The maximum feeding force produced by a linear motor is speed-dependent in practice, and is particularly influenced
by the properties of the servo amplifier. As in the case of rotational servomotors, where the maximum torque is reduced
with increasing rotation speed, linear motors suffer a reduction in maximum force with increasing speed on account of
the counter-voltage.

e Long-stroke movements mostly result in the drives running into a force limit during acceleration and braking phases,
whereas otherwise maximum speed is the limiting factor.

e  For estimating whether a motor does not overheat under given conditions, the power dissipation for an entire motion
cycle must be calculated.

The choice of a suitable motor is an iterative process, as the own mass of that part of the motor in motion is included in the
total mass in motion. This means that the design of a drive becomes an iterative process.

From the academic point of view, it can be exceptionally interesting to consider the above-mentioned factors in drive
design. For most users on the other hand, it is more sensible to invest time in constructional considerations while leaving
mathematical calculations to a program.

Mode of operation of a design program
Using the LinMot Designer motor sizing program is divided into four steps:

e Step 1: Start LinMot Designer and input global Data
o Step 2: Segmentation of the Motion

o Step 3: Checking the Limits

o Step 4: Interactive Optimizing

A design program should not only be used to select a drive, but also to promote an integral way of looking at things: What
happens if the load mass can be reduced by 10%? What effect does a reduction or increase of the movement times of
individual segments have? Which movement profile is optimal for this application? All these questions can be computed for
different solution variants and displayed graphically by a design program in few minutes.

Important: The LinMot Designer is a sizing program that simulates behaviour of the LinMot linear motors under static and
dynamic load conditions. The LinMot designer offers the constructing engineer fast help in the analysis and optimization of
drive technology for a given task. The simulation and calculation comes as close as possible to the behaviour of the linear
motor in the real application, but is always dependant on the accuracy of the input parameters. It is recommended to discuss
and verify the simulation and results with your local LinMot Distributor.
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Example 1: Horizontal linear Movement

In a production line, a pneumatic cylinder pushes 30 products per minute from a stack into a conveyor belt. To increase
productivity, a faster second production line will be installed and the pusher has now to handle the products from the two
lines. The maximal production rate for the pusher will increase to 82 products per minute.

To handle the 82 products per minute, the minimal cycle time to push one product onto the conveyor belt is 730msec. In
order to guarantee gentle product handling (and for dynamic reasons), a LinMot linear motor will replace the pneumatic
cylinder.

The mechanical construction should not be changed. The weight of this construction (without the slider of the linear motor
weight) is 500g. The product weight itself is 700g.

The questions to answer during the motor sizing are:

e  Which type of linear motor may do the job?

e Which size servo controller will be needed to control the motor?
¢ Do we need additional cooling for the linear motor?

e  What’s the minimal cycle time for this application?

Note: You will find all configurations from this Tutorial in the LinMot Designer folder on your PC (filenames:
Tutorial_Ex?.ldc).
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Step 1: Start LinMot Designer and input global Data

Starting the LinMot Designer
The last LinMot Designer project will automatically be loaded at start up. To start a new project, click on the “New Linear
Project” Button. This will reset all parameters to the default values.

s HS SHEB Lt Ee> @02
T

“New Linear Project” Button

Define Global Settings according to the Example

In the “Global Settings” window, all motor and construction-specific characteristics must be specified. As at the moment
you don’t have any information on the linear motor, we select a motor type with a stroke range slightly bigger than the
stroke needed in the application.

The motor has to be selected in the “Motor Selection” window. The window shows a list of all available motors, whereby
filter and sort capabilities helps you to find an appropriate motor. The filter can be used to reduce the motor list to a
reasonable set of motors for the application.

Filter: The filter structure consists of several filter types (Motor family, Motor variant, Stroke, .....) Each filter type has one
or more filter entries defining the filter criteria. A filter type can be activated by selecting one or more of its listed criteria.
All motors that fulfill at least one criterion for every activated filter type, will be displayed in the filtered list. (Note: A filter
type with no selected criterion is inactive.)

Sorting: To sort the motor list by a certain parameter in ascending order, just click on the parameter name in the header
row.

To find appropriate motors regarding the required stroke, activate the stroke filter criteria “Best for ...mm” and define the
value (double click on the entry) with the stroke given by the application.

@ Motor Selection EI@
Motor family Motor variant Max. Stroke Max. Force Product status User group

POx-235x80 Standard ZilBest for 220 mm [edit] Min: O M [edit] Standard product Standard

P01-23%80 High Performance (HF) Min: 0 mm [edit] Max: 0N [edit] Homag

P01-23x160 High Clearance (HiClear) Max: 0 mm [edit]

P01-375x60 HP [ HiClear

P01-375%120

P01-37x120

PO1-37x120-55C

PO1-37x240

PO1-48x210

PO1-48x240

P01-48x240-55C

PO1-48x360

PO1-48x360-55C

P10-70x30

P10-70x 160

P10-70x240

P10-70x320

P 10-70x400
Motor Variant Short Stroke Max Stroke  Max Force  RMS Force  Slider Length  Slider Mass  Stator Mass  Product Status User Group o
P02-235x80/210x270 Standard 210 mm 270 mm 44N 8.76N 350 mm 271g 2459 Standard product  Std =
P02-235x80/280x340 Standard 230 mm 340 mm 44N 8.76 N 420 mm 330g 2459 Standard product  Std
P02-235x80F 160x220-HP High Performan... 160 mm 220 mm 67.1N 112N 290 mm 230 g 245g Standard product  Std
P02-235x80F 220x 280-HP High Performan... 220 mm 280 mm 67.1N 112N 350 mm 280 g 245g Standard product  Std
P02-235x80F (290x%350-HP High Performan. .. 290 mm 350 mm 67.1N 112N 420 mm 340q 2459 Standard product  Std
P01-23x80/210%270 Standard 210 mm 270 mm 44N 8.76 N 350 mm 271g 2659 Standard product  Std
P01-23x80/280x340 Standard 230 mm 340 mm M 8.76 N 420 mm 3304g 265g Standard product  Std
P01-23x80F[160x220-HP High Performan... 160 mm 220 mm 67.1N 145N 290 mm 230 g 265g Standard product  Std
P01-23x80F/220%280-HP High Performan. .. 220 mm 280 mm 67.1N 14.5M 350 mm 280 g 2659 Standard product  Std
P01-23%80F/290%350-HP High Performan... 290 mm 350 mm 67.1N 14.5N 420 mm 304g 2659 Standard product  Std
P01-23x160/130x270 Standard 130 mm 270 mm 69 M 16.5N 350 mm 271g 450 g Standard product  Std
P01-23x160/200x340 Standard 200 mm 340 mm [3=0¢) 16.5N 420 mm 330 g 450 g Standard product  Std
PO1-23x160/260x400 Standard 260 mm 400 mm 69N 16.5N 430 mm 380 g 450 g Standard product  Std -
P01-37x120/180x260 [ Reset Filter ] [ Cancel ] l ak. ]

For the servo drive unit, we select an “E11x00 / B1100” with a nominal dc link voltage of 72V. If the checkbox “Consider
10% supply voltage tolerance” is set, the LinMot-Designer calculates with a 10% reduced dc link voltage. The cable
between drive and motor only has to be defined for longer cables. Its resistance can result in a reduction of the force limit.
As soon as we defined the motion sequence, we will come back to the “Global Settings” Menu in order to select a linear
motor and its drive which will be the best for this application.
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@@ﬁﬂ%l§i"ﬁllﬁ.ﬁﬁ++lﬂﬂ@

“Edit global Settings” Button

Global Settings == Global Settings ==
e " Laad] Motor | Lavout| Info

Muotor
Motar Type: P01-374120/180x260 ] Start Postion 110 om Stan pasiion is s2t by autn centering function
Number of Mators: 1 = Cooling Methad Flangs - S

Mase: 500 g Add Slider Mass - 829g
Sider Mounting ~ Regular - Ambient Temperatue: ES F0C-80C)
User Group Std Zeio Pasiion 2P 135 mm Estemal Force on
Motor Variant Standard Ma. Stioke 260 mm - ~ =
Stator Type PSO1-37120 Shortened Stroke: 180mm by i o -
Stator Mass: 740g Max Force @72 163N S Frstion
Slider Type PLOT-204395/320 Force Const @25 C: 204 N/dpk
Slicer Mass: 829a Max Current @72 fiApk Wiseous Friction: ON/m/s)
Product St Standard product Fiesistance @80 C: £.93 Ohm meiEriETa
Angle 0 deg = “ ”

Drive:
Diive Type:
E11:0/ B1100 (Imax=8.08pk, Ymax=85] - Max. Output Curent: 8 Ak Spiing #1 Type: Ref. Pasition: Ref. Force: Spring Canstant:
Supply Type Norminal Supply Yoltage: DC Link Voltage: T2V None - 0 o oM OM/m 77T
DC Link Vollage Y 24V -85V 2

o [ 1 [ Cansider 10% supply valtage tolerance Sping 42 Type

Cable None +|  omm o OWm -
Cable Type: None [or less than ~2 5m] -
Length Om [Max. 50 m) Resistance @ 40°C 00hm

System Information
Mar, Force: 183N Max Speed 325 mis
Maz RMS Stal Force: 291N Max. Elec. Fower B50

Fioblems Froblems

In the “Load” menu, the specification about the mechanical configuration (mounting, friction, zero Positions, etc.) has to be
specified according to the construction.

In the example the maximal stroke is 220mm. We choose a start position, which is half of the total stroke, in order to have
the motion symmetrical to the Zero Position (ZP) of the linear motor. A symmetrical motion relative to the Zero Position of
the linear motor will give the best performance for the motion. If the “Auto centering mode” button is pressed, the start
position will be set automatically.

@@ﬁﬂélﬁﬁlﬁiﬁiﬂﬁlﬂl&@

“Auto centering mode” Button

The constant mass of the pusher construction (500g) has to be set in the “Global Settings”. The 700g product mass will be
set later in the “Local Settings”, as it has to be considered only for the forward (push) motion. Additional to the mass of the
construction, the program will automatically add the mass of the moving part of the motor. In the construction of this
application the slider is moving, we have to select “Add Slider mass”.

Step 2: Segmentation of the Motion

During the segmentation of movement, the complete motion is subdivided into individual integral movement sections. In
our example we can divide the entire motion into three different segments (e.g. “controlled forward movement”, “fast
backward movement”, “Standstill”).

Motion Stroke Time Total Payload
Forward 220mm 190msec 12009
Backward -220mm 190msec 5009

Standstill 0 mm 370msec 5009

NTI AG 10.04.15 www.LinMot.com
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Define the “Forward” Motion
Open the “Edit Segment” window for the first segment of the motion (double click on text “1 Sine”). In the “Curve
Settings” window we specify the 220mm maotion for the forward movement (pushing). As we have to consider the
additional product mass of 700g during pushing (construction and slider mass will be considered automatically).

Edit Segment. @
i Curve Setings| Local Load Settings|
Stioke Curve
Start Time: Dms Type:
Start Postior: 0 mm Sine hd
Duyation 130 ms Max. Speed 0mis
Stroke 230 ticcsleration Om/s2
Deceleration Omds?
End Tirne: 190 ms
End Pasition: 110 mm
Problems

Define the “Backward” motion
Add a new segment for the backward stroke and open the “Edit Segment” window (double click on text “Add new
segment”). In the “Curve Settings” window we specify the -220mm motion for the backward movement. We do not have to

consider additional mass, as for the backward movement there is now additional payload.

Edit Segment @
Stroke Curve

Start Time: 190 ms Type:

Stan Pasiion 10 mm Sine hd

Dugatior: 130 ms Max. Speed Om/s

Shoke: 250 Acoeleration Om/s2
Deceleration: Om/s2

End Time: 380 ms

End Fosiion At

Prablerrs

Edit Segment ==
Curve Settings|; Looal Load Setlings
Global Load Seftings

Mass: 700 g 500 g

Enternal Farce;

Diry Friction, oM 5N

Viscougfiction: O M/ m/s) O NAmSs)

Spigl Start Position: 0 mm LabelGlobalS pringStartPasition

ting Canstant 0M/m LabelGlobalS pringConstant
A
Payload for pushing:
700g Product + 5009
construction weight
| | Corcel

Edit Segment (=3
| Curve Settings | Local Load Seftinad
dlobal Load Settings
Mass: Og 500 g
™
N SN
01 MAms) 01 NAmds)
Springfstart Position:  0'mm LabelGlobal5 pring5tartPosition
Sgfing Constant: ON/m LabelGlobalS pringConstant
=
=
Payload for
backward stroke: Og
Product + 5009
construction weight —
| Cancel
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Define the “Standstill” time
Add a new segment for the standstill part of the motion sequence and define the motion according to the screenshots. It is
important that you specify the entire cycle of you motion (including standstill time) in order to achieve correct results for
RMS force calculation and the thermal load.

Edit Segment =3
Stroke Curve

Start Time: 380 ms Type:

Start Positiors 110 Standztil hd

Duration: 0 ms Max. Speed: Ormds

Shioke: Omm Aeceleration: Omis2
Deceleration Dmds2

End Time: 750 ms

End Fosition M0mm

Prablerns

Edit Segment =3
Curve Settings | Local Load Seftings
Global Load Settings
Mass: Og 500g
Extemal Farce: oM N
Dy Friction: oM AN
Miscous Friction: O MAmds) O NAms)
Spiing Start Pasitior: 0 rom Lahe/GlohalS pringStartPosiion
Spring Constant OM/m LabelGlobal5 pringConstant
—
“l—_—n:
¥
Prablerns

After defining the entire motion sequence, the desktop of the LinMot Designer will have the following appearance.

If there are any “Local Load Settings” defined in an existing segment, a

ko

is prefixed to the corresponding segment name.

Global Y alues Walue Limitz ﬁ"'lF| Lirnits PAT | Einematicsl Qiagraml I:ayout|
B Motor Setup Seament Start Time Duration  Start Position Stoke  Warnings
Motor Type PO1-374120/180:280 1Eine s T8 ms 116 mm 350 mm
Matar Y ariart Standard : S ——
Stator Type PE1.3700 2 Sine . 190 mz 190 mz 110 mm -220 mm
) 3 Standstil 380 mz 370 mz 110 mm 0 mm
Slider Type PLO1-20+395/320 1 1 dd newy Segment]
Slhider Mounting Regular b
Mo. of Motars 1
Drive Type E11=0/B1100 Stroke [mm]
Supply Yoltage DC Link 72 : : : :
Cable Type Mone 100 ! !
Cable Length Om
Ambient Temperature 280
Cooling Method Flange
Motor Data 0
B Load Setup
Start Position 110 mm
Load Mass B00g
Matar Mazs 8299 100
Maurting Angle Odeg
Extemal Force oM
Diry Friction 5 Motor Force [M]
“Wizgzousz Friction 0 M Amds]
Spring #1 niot defined
Spring #2 niot defined 100 '
Segment Results ' '
Global Results : :
Supply/Regener._. 0 1 1
Power Dizsipation H H
E Warnings ' '
Stroke 0Ok, : :
Force aK B ¥ (R N CTTTTTTT T
Shart Time Overload 0K ] ]
Thermal Load 0K . .
Acceleration Reserve 0K 0 200 400 600
Motar Support QK Time [ms]
Metric
NTI AG 10.04.15 www.LinMot.com
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Step 3: Checking the Limits

For the defined application, LinMot Designer calculates diverse physical parameters that are important concerning the
design. The most important dynamic parameters are shown as time-dependent values in diagrams (Stroke, Motor Force,
Power Dissipation, Short Time Overload Protection Value, Thermal Load, Speed and Acceleration). In the “Global Values”
window relevant static parameters as well as peak-, rms- and mean-values of dynamic parameters are shown.

A realisation of the defined application will only be successful, if all of the following dynamic parameters don’t exceed
their corresponding limits:

Dynamic parameter Warn flag
Stroke S
Force F
Short Time Overload Protection Value 0]
Thermal Load T
Acceleration Reserve at Standstill A

The limit checks are done by the LinMot Designer. The results of the checks are shown under “Warnings” at the bottom of
the “Global Values” window. If a value exceeds the corresponding limit, a “Warning” is displayed. Warn flags in the
“Curve Settings” window show, in which segment(s) the corresponding limits are exceeded.

In addition to the dynamic parameter check, also a system check is done. If the selected motor isn’t supported by the
selected drive, a “Motor Support”-warning is generated and displayed in the “Global Values” window.

Global Yalues Walue || Limits 3/F | Limitz PAT | Kinematics | Diagram | Layout

Motor Setup Seqment Start Time Duration  Start Pasition

r"t:'sn‘:‘a 1 *Sine 0ms 190 ms 110 mm

S"a Et "H" " 2 Sine 190 ms 100 ms 110 mm
coment Results 3 Standstil 290 ms 370 ms 10 mm

Global Results 4 \4dd new Segment]

SupplyZBa g

POwer Dissipation

[]

E ‘wWarnings N Stroke [mm]
Stioke QK.
Force . Warning 100
Shart Time Dwerload Ok
Thermal Load “Warning
Acceleration Reserve QK.
M otor Support 0K A n

(This Warnings were generated by reducing the duration of the second
segment in the example.)

In the “Limits S/F” window, the mechanical parameters “Stroke” and “Force” of the motion with their corresponding limits
are shown in time-diagrams. In the “Limits P/T” window, the thermal parameters “Power Dissipation” (without limits),
“Short Time Overload Protection Value” and “Thermal Load” with their corresponding limits are shown in time-diagrams.

Stroke Limits

The Stroke and its limits are shown in the upper diagram of the “Limit S/F”” window. The graph of the motion (black-red
line) has to be within the limits (blue lines) of the selected linear motor.

If the stroke of the motion is too long, you have to select a motor type with a longer maximal stroke. The maximal stroke of
the linear motor should be selected as close to the maximum stroke needed in the application in order to minimize the
moving mass (slider).

The motion should be symmetrical to the Zero Position (Omm) of the motor. If the motion is not symmetrical you have to
adjust the parameter “Start Position” in the “Global Settings” window (see Step 2).

NTI AG 10.04.15 www.LinMot.com
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Dynamic Force Limits

The Force diagram shows the dynamic force the linear motor has to produce during the motion (black-red line). You will
also find the peak force limits for the selected linear motor (blue lines). If the force the motor has to produce is within the
motor limits, the selected motor can perform the requested motion. If the motor force is not within the limits, you have to
select another linear motor or servo drive. If the requested force is still not within the limits, extending the execution time in
the critical segments or reducing the payload will help to come down with the requested motor force.

Stroke limits of the selected linear motor Stroke-Time diagram of the defined motion
N\ /
Stroke [mm] \
\ /
100 f---2 ' :
0
-100

Motor Force [N]

100

-100

2  \ e
200 400 Goo0
Time [ms]

Peak Force limits of the selected linear motor / servo drive  Force-Time diagram of the defined motion

Note: Peak force limits of a linear motor depends on the actual position (see stroke force diagram in the data sheets) and on
the actual velocity (peak force is decreasing with higher velocities). The peak force may change if another linear motor is
selected due to differences in slider mass.

Short Time Overload

The power losses in the motor coils, given by the Power Dissipation, will first heat up the motor winding prior to the other
parts of the motor. A short time overload protection mechanism of the LinMot servo drives prevents the motors from
overheating in case of rapid increasing winding temperature due to high power dissipation values. This parameter, the Short
Time Overload Protection Value (black-red line) is independent from the motor cooling and approximately constant for
short cycle times. The minimal value is 0% and the limit is at 100% (blue lines).

Thermal Load

The power losses in the motor coils, given by the Power Dissipation, will heat up the motor. Depending on the ambient
temperature and the cooling method, the corresponding Thermal Load (black-red line) of the motor will result. For short
cycle times, the value will approximately be constant. The minimal value is 0% and the limit is at 100% (blue lines). At a
Thermal Load of 100%, the thermal hardware protection would turn off the linear motor in the real application (at a case
temperature around 65°C). To reduce the thermal load, use the more efficient cooling method (“Fan” in place of “Flange” at
“Global Settings”) or use a motor with higher continuous force.

Note: The Short Time Overload Protection Value and the Thermal Load are calculated for the thermal steady state.

NTI AG 10.04.15 www.LinMot.com
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Lirits 5/F| Limits P#T | Kinematics | Diagram | Layou

Segment
1 "Sine
2 Sine
3 Standstll
:'1. [&dd new Segment]

Start Time: Duration
0ms 130 ms

150 ms 150 ms
380 ms 370 ms

Start Position
110 mm
110 mam
110 mm

Stroke

220 mm
-220 mm
0 mm

W arhings

E Warnings
Stroke
Farce
Shart Time Dwverload
Thermal Load
Acceleration Reserve
Motor Support

Global Walues Walue
[l Motor Setup
Matar Type PO1-3701 2041 80x260
M ator Y ariant Standard
Stator Type PS01-37:120
Slider Tupe PLO1-20x335,/320
Slider Mounting Regular
Mo, of Motors 1
Dirive Type E11x0/B1100
Supply Voltage DC Link 72
Cable Type MHone
Cable Length Om
| e T o L —
Cooling kethod Flange
bl bdntor Data —
Load Setup
Segment Results
E Global Results
Tatal Time 50 mz
bin Strake 170 mm
tax Stroke 110
Total Stroke 220 mom
Peak Speed 1.82 mis
Peak Acceleration 301 m/s2
Peak Force BE M
| e T
Peak Shart Time Ow... 201 %
Peak Thermal Load i E

1;

0K
0K
0K
oK.
0K

Termal Load [%]
100 F-=

hﬂ.ﬁueel}l!ﬂegenel_._ /’
Power Digzipdl

0K

Power Dissipation [W]

Short Time Overload [%]

100 f--

80
&0
40
20

0 l--

BO |erdermsmmroro s n e

80 |--
40 |--
20 |--
ot--

[ R S R

= -

400

Time [ms]

Metric

The Peak Short Time Overload Protection Value is definitely under the limit. The Peak Thermal Load is about equal to the
limit, so the linear motor will not overheat in the application. If payload or friction will increase (or cycle time will be
reduced), the Thermal Load will increase and exceed the limit. Then, the linear motor has to be mounted on a flange with

fan cooling.

Acceleration Reserve at Standstill
This acceleration parameter is the ratio between the “Max Force” of the drive system (servo drive & motor) and the moving
mass. It’s a constant value within a segment. It changes from segment to segment with the change of the moving mass. This
acceleration value has always to be bigger than the limit of 10N/kg. Concerning the example, for the Max Force value of
122N, the maximum moving mass is 12.2kg. In case of an Acceleration Reserve Warning, reduce the load mass or choose

another motor/drive so that the Max Force value gets bigger.
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Step 4: Interactive Optimizing

Motor and Servo Drive

Because no Warning was generated, a system with the selected linear motor type P01-37x120/180x260 and a servo drive of
the Series E11x0 / B1100 with 72V supply will be the solution for this project.

In your LinMot Designer folder you will find the file “Tutorial_Ex1.1dc” with the LinMot Designer data for this project.

Optimizing the motion time

If the application requires even faster cycles, the motion times can be minimized for the selected linear motor by reducing
the time for the different segments. The time can be reduced as long as the force needed stays within the peak force limits
from the selected linear motor.

Global Values Walue Limits 5/F | Limits P/T | Kinematics | Diagram | Layout
B Motor Setup Segment Start Time Duration  Start Position Strioke  Wamings
Motor Type P37 20 80250 1 Sine Oms 148 ms 110 mm 20mm B T
b atar Y ariant Standard B
2 Sine 145 ms 130 ms 110 mm Z20mm T
Stator Type PSO1-37:120 .
) 3 Standstill 275 ms 370 ms 110 mm 0 rrn L\, T
Slider Type PLOT-20x395/320 + [dd riew Seqment]
Slider Mounting Regular
Mo, of Motors 1
Drive Type E11x0/E1100 Stroke [mm]
Supply Yoltage DC Link 72%
Cable Type Maone
Cable Length Om 100
Ambient Temperature 280
Conling Method Flange
Motor Data
Load Setup
Segment Results 0
E Global Results
Tatal Time E45 ms
Min Stroke 110mm
Max Stroke 110 mm 100
Total Stroke 220 mm
Peak Speed -2.BE miz f
Peak dcceleration B4.2 miz2 Motor Force [N]
Peak Force 110M
RMS Force 445N
Peak Short Time Ov... 596 % : ' ] ]
Peak Thermal Load 2% 100 f---2 - __________E ______________________ : ______________________ : ________
Supply/Regener... . . .
E Power Dissipation
Actual 47w
Max. Actual Cooling 17 [Flange] 0
b ax. Default Cooling 17w [Flange)
Max. Optimal Cocling BE ' [Fan)
= Warnings ' ' '
Stroke oK. =100 f--= 57 Wi SRk rrmmTemmmemmommoneooos e
Farce oK : ) ol : :
Shart Time Overload oK
Thermal Load Warning : :
Acceleration Reserve QK ) 400 600
Mator Support 0K Time [ms]
Metric

Limiting parameters for minimal motion time

Minimizing the motion time in our example shows that the minimal times will be around 145ms for the forward (push)
movement and 130ms for the backward movement.

Reducing the time for the forward and backward motion will increase the Peak Thermal Load over the 100%-limit (281%),
if the motor is mounted with the standard flange (Cooling Method: Flange). With a change of the Cooling Method to “Fan”,
the Peak Thermal Load decreases under its limit to 84.4%.

With the Fan Cooling Method, we can then reduce standstill time to 280ms. This will result in a Peak Thermal Load of
98.1%, which is still within the motor limits.

In your LinMot Designer folder you will find the file “Tutorial_Exla.ldc” with the LinMot Designer data for this project.
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Example 2: Rotating Movement

The following Example refers to an application for capping of bottles. To screw the cap on the bottle, a combination of a
linear and a rotating movement is required, predestined to use a Linear-Rotary Motor of the LinMot series PR01. The linear
motor P01 can be designed and checked analog to example 1. The rotary motor RO1 is discussed here, the configuration is
saved in “Tutorial Ex2.1dc”.

Cycle of the application:
1) Moving cap with capping head to the bottle thread (linear movement)
2) Screwing the cap on the bottle (linear and rotary movement)
3) Tightening the cap with increasing torque to an upper limit (linear and rotary movement)
4) Stop tightening, torque to zero (standstill)
5) Moving capping head back to start position (linear movement)

Requirements for rotary motor:
T _Cycle: 1.3s (2'770 bottles/hour)
T_Screw&Tigthen: < 0.5s
Stroke Screw&Tighten: 1080deg (3 turns)
Stroke Tighten: 100deg (ca. 1/4 turn)
J_CappingHead: 13.1 kg/cm2
J_Cap: negligible
Friction torque: 0.6Nm
Max. tightening Torque: 4Nm
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Global W alues Walue Limits S4F | Limits P/T | Kinematics | Diagram
Bl Motor Setup Seqgment Start Time Duration  Start Pozition Stroke  Wamings
Motor Type RS01-84480 1 Standstil Oms 100 ms 0deg 0deg
Hst:f\;a.:;?; U”def'”'ef 2 Puint ta Paint 100 ms 30 ms 0 deg 1080 deg
Diive Type E1140E £ B110050 3 xStandsnI! 470 ris 50 rris 1080 deg Odeg
. 4 *Standstill 520 ms 780 ms 1080 deg 0 deg
Supply Woltage DC Link 72% +) [5dd new Segment]
Cable Type K15 -
Cable Length 4
Ambient Temperature anc Stroke [deq]
Cooling Method Flange
Motor Data 1000
= Load Setup
Start Position O deg 800
Load Inertia 13.1 kgfcm2
External Torque 0 Mm 500
Dy Friction 0.6 MNm
“Wizcous Friction 0 MNm/[degss) 400
Segment Hezults
B Global Results 200
Total Tirme 1270 ms
Min Angle Odeg 0
Max Angle 1080 deg Motor Torque [Nm]
Total Stroke 1030 deg
Peak Speed 4 kdeg/s E E E E E
Peak &cceleration 100 kdeg/s2 H H H H H
Peak Torque 4 Nm 5= : pomeeeeees e fommmee e e
RMS Torque 1.26 M ; ; ; ; :
Peak Short Time Ov... 86% 5 ] ; ; ; :
Peak Thermal Load 47.8% 0 f--v T ; T T T —---
Supply/Regener... E E E E E E E
Power Dissipation H H H H H H H
B Warnings I S S U S N A O A
Torque oK ; E ; E E E ;
Short Time Overload Ok, : ; ; ; ; ; ;
Thermal Load oK : ! * ! ’ ! *
Acceleration Reserve (0] 4 o 200 400 500 800 1000 1200
Motor Support Ok Time [ms]
Metric

Segment and load definition

1)

2)

3)

4)

Standstill
No rotation, while the cap is moved linearly to the top of the bottle.

Point to Point
Screwing process with a constante friction torque of 0.6Nm (global definition). During the tigthening process at the last
100 degrees, the torque increases towards the limit torque of 4Nm. This behavior is simulated with a global spring:

Spring #1 Type: Fef. Pozition: Fef. Torngue: Spring Constant;
| Single-Sided Megative | 330 deg 0 Mm 0.04 Nmddeq

The Moment of Inertia of the capping head is defined in the Global Load Settings.

Standstill
Keep the limit tightening torque of 4Nm for 50ms.

Standstill

Release the tigthening torque to zero by compensating the spring torque through an external torque of 4ANm in the
segment. The duration of 750ms are used to move the capping head up linearly, to pick a new cap and to replace the
capped bottle by an uncapped one.
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Definition of the motor system

The Motor Type RS01-84x80 is selected because of the required
torque of 4ANm. The selected Drive Type is a XC-Type (25ApkK).

For this application, also a HC-Drive Type (15Apk) could be used.
The smaller max. current of the drive would result in a smaller but still
sufficient peak torque of the system (5.3Nm instead of 8.8Nm). In that
case, a warning is generated and showed in the Problems window.

Problems

L Drrive has insufficient current capability for this mokar

Results

Global Settings
Load | Mator | |nfo
Mator
Motor Type: RS01-84:80 -]
Number of Motors: 1 = Cooling Method: Flangs -
Rotor Mounting Regular - Ambient Temperature: e (10C-800)
User Group std
Motor Variant: Undefinied
Motor Mass 3000g Max Torque @72 V: 885 Nm
Torgue Const @30 L 0.35 NmAhpk
Rotor Inertia 2kgom2 Max Cunent @72 V; 265 4k
Product Status: Standard product Resistance Ph-Ph @60 C: 1.25 Ohm
Diive
Diive Type:
ET140%C ¢ B1100%C Imax=25.08pk, Vmaz=85+) v Max Output Cument: 25 Apk.
Supply Type Haminal Supply Viltage: DCLink Yokage: 72N
DC Link Yolage MG (4% -85V] Consider 10% supply volage talrance
Cable
Cable Type: ‘Kﬁr -/ KPS15-... (1.5mm"2 / /G 16] v
Length: 4m [Maw. 50 m] Resistance @ 40°C: 0.1 Ohm

System Information
Max. Torque: 285Nm
Max. RMS Stall Torque: 181 Nm

Max. Speed 9.28 kde/s
Ma. Elec. Power 1800w

Problems

o

This simulation shows, that the rotary part of the application can be realized with the selected system. Even a HC-Drive
would be sufficient. With a peak thermal load of ca. 50% at an ambient temperature of 30°C, the motor also won’t work at
its thermal limit. So, there is still potential to increase the speed of the capping process.
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Example 3: Importing custom Curves

To define the motion profile, LinMot Designer provides different curve types that can be defined by a few parameters:

Standstill Sine Point to Point
Parameters: « Time Parameters:  Time Parameters: < Stroke
* Stroke » Max. velocity
« Acceleration
« Deceleration
Stroke [mim] Stroke [mm] Strake [mm)
B : 3
1 10 40
oo [ 2 ] m
Welaciy [mis] Yelocity [rmis] Velocity [mig]
0.04 1.5 1.5
0.02 |- 1 1L
-u.ug 05 4 05 |-
-0.04 pom---e-s e 0L
Acceleration [mis2] Acceleration [mis2] Acceleration [mis2]
-0.02 - -20 20
-0.04 p--- 40 |- b
Limited Jerk Minimal Jerk Bestehorn
Parameters: « Stroke Parameters:  Time Parameters: « Time
» Max. velocity « Stroke * Stroke
« Max. acceleration
« Max. deceleration
« Jerk
Stroke [mm) Strake [mm) Stroke [mm]

1

05 f-
o L
Acceleration [mis2] Acceleration [misZ]
a0
a0 =
0 H
| (I
A0 fF--- .
-An -
-100
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It is also possible to import a custom motion profile or just a segment of it into LinMot Designer. In order to do that, choose
the “Custom” curve type. Open the “Data Points” window to define the custom position vector. There are two possibilities

to do that:

1. Load the csv-File, where the numerical values of the position vector are saved.
2. Copy the vector from any other program and paste it into the Data Points window

The numerical data vector is interpreted in the data unit as it is defined under “Measurement Settings” of LinMot Designer.
In the Curve Settings dialog box, the curve time and also a scale factor for the stroke have to be defined.

Edit Segment

" Elive Seftinas| Local Load Settings

Limits §4F | Limits P/T| Kinematics | Diagram | Layout

Stioke
Start Time: 250 ms
Start Posiion 125 mm
Dugation 350 s
Stioke: 250 mm

End Time: E00 me

End Postion A5 mm

Curve
Type:

Custom -

Max, Speed: Tmis
Acceleration Omis2
Deceleration: Omis2

Seale [%] 250%

Data.

Segment Start Time
1 Sine 0 ms
2 Custom 20 me
*1 [add new Segment)

4 LI

Duration  Start Pogition Stoke
20 ma 125 mm 250 mm
380 ma 125 mm 280 mm

Problems

Data Points

Data Unit: mm

0
0.000571027
0.002853571
0.007983429
0.017088595
0.031286168
0.051679286
0.079354108
0.1153765834
0.160790732
0,216613531
0.283834127
0.36341038
0.456266229
0.563289219
0.68532806
0.823190307
0.977540144
1.149396289
1.339130024
1.547463358
1.774967316
2.022160382
2.289507069
2.577416655
2,886242053
3.216278848
3.567764488

=

m

= Load... J

I I save... I I Clear I

Stroke [mm]

100

0

-100

Speed [mis]

20

-20

Motor Force [M]

Time [ms]

In “Tutorial Ex3.ldc” a Custom curve (Segment 2) follows on a Sine curve (Segment 1). The data vector of the custom
curve was imported (loaded) from the csv-file “Tutorial_Ex3.csv”. With a (negative) Scale value of -250%, the curve data
points (forward motion from 0..100mm (in)) are scaled to a backward motion from 0..-250mm, starting at the end of

Segment 1.
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Additional Information

3" party Servodrive (P10-70-Dxx)

Motor type P10-70-Dxx can be driven by a 3" party servodrive. If so, drive type Custom must be selected. This setting can
be changed in the motor tab within the “Global Settings” window.
LinMot-Designer will take any limitations into consideration according entered values.

Mg HES SBE YL+ (002
T

“Edit global Settings” Button

Global Settings 3
Load | Motar | Lgyuull Info ‘
hatar
Motor Type: ‘ P10-70x80U41170 |
BNumber of Mators: 1 z Cooling Method: Flance -
Slider Mounting Reaular hd Ambient Temperature BC 10 C-80C)
User Group St Zero Position (ZF): 600 ram
Motor Wariant: Standard Man. Stroke 1180 mm
Stator Type: FS10-70xa0U Shortened Stroke 1180 mm
Stator Mass 2850 g Max Force @565 Y BET M I
Slider Type PL10-28x1390/1340 Force Const (@25 C. 51 Nfépk |
Slider Mass 6530 g T L T T ik
Produ s Standard product Resistance Ph-Ph @G0 C. 145 Ohm
-~ Drive ~
Drive Type: Custorn hd MName
! hax Current 40 Apk hax Gain 80 % V| Madel based temperature manitaring
[l
Supply Type Mominal Supply Yoltage DG Link Voltage: 492
™ AC 3x 400V v [4oov (33Y-530v) Consider 10% supply valtage tolerance o]
f L
Cable
Cable Type - dhspo o Do v‘ L
Length: Om (Max. 50 m) Resistance @ 40°C 0 Ohm
System Information
hax. Force SE1T N Max. Speed 6Edm/s
Max FMS Stall Farce BB.7 N Max. Elec. Power: 54004
Froblems
Cancel ‘ l OK

Drive Type: For any 3" party drive select Custom.

Name: Enter any plain text such as drive manufacturer, type or else. Max. 12 characters are allowed. This text is only used
for information purpose.

Max Current: Max. servodrive output current (motor phase current). LinMot-Designer expects a peak value. This value
has influence on maximum motor force.

Max Gain: Max. servodrive output voltage based on DC link voltage in percent. This value has influence on maximum
motor speed.

Model based temp. monitoring: Unselect this box, if servodrive is unable to calculate a thermal model. In such a case
LinMot-Designer will activate a current derating of about -40% (according to the motor specification).

Supply Type: Choose input voltage of servodrive. 3-phase AC or even DC can be defined. This value has influence on
max. motor speed.

Consider 10% power voltage tolerance: If drive is installed in an environment where supply voltage is unstable, please
select box. This value has also influence on max. motor speed.
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Power Supply

Power information to choose an appropriate power supply for the linear drive system can be found under
Supply/Regeneration. The LinMot Designer calculates the required electrical power of the motor. The power supply has to
deliver the electrical motor power added by the power loss of the drive, whereas the latter makes around up to 10% of the
electrical motor power. Depending on the dc link capacitance, the electrical power waveform and the allowed temporary
drop of the dc link voltage, the required power of the supply has to be between 110% of the Mean Supply value (absolute
minimum) and 110% of the Peak Supply value. To go for sure, use a supply with a power above 110% of the Peak Supply
value.

The regeneration power waveform (together with the dc link capacitance and the allowed raise of the dc link voltage) can be
used to estimate, whether an external regeneration resistor is necessary. The waveform shows the generated electrical power
of the motor during break phases.

Global Yalues Value Limits 5¢F | Limits P/T | Kinematics| Disaram| Lapout
Bl Motor Setup Segment Start Time Duration  Start Pasition Shoke  “Warnings
Meter Type P37 2018250 1 Sine 0 ms 145 ms 110 mm 220 mm
b abor W ariant Standard .
2 Sine 145 ms 130 ms 110 rm -220 m
Stator Type PSO1-374120 .
X 3 Standstill 25 ms FF0 mz 110 mm 0 rarn
Slider Type PLOT-20%395/320 +y dd rew Segment)
Slider Mounting Regular -
Mo. of Motars 1
Dirive Type E11x0/B1100 Electrical Power [W]
Supply Waltage DC Link 72 T T T T
Cable Type Mohe ; ; ; ;
Cable Length Om : : :
Ambient Temperature 250 : : :
Coaling Method Fan H H H
Motor Data E E E
Load Setup E E E
Segment Results : : :
E Global Results : : :
Total Time 545 ms : : :
bin Stroke 170 mm 1 1 1
b ax Stroke 110 rm l :,. ..................... 4: ........
Toatal Stroke 220 mm E E E
Peak Speed -2 BB ms : : :
Peak Accelaration 54,2 mis2 : : :
Peak Farce 110N : : :
RS Force 445H : : :
Peak Shart Time Ov... 492% : : :
al Load i E E
gi= Supply/Regener. : :
i Peak Supply 700 : :
Mean Supply 55 W : :
o Mean Regeneration 4 5% E E
Prvessllissination I, T T ---
E wWarnings : :
Shoke 0K, : :
Force Ok : :
Short Time Overload 0K ; ;
Thermal Load ok,
Acceleration Reserve [H]:4 0 200 400 600

tator Suppart oK Time [ms]

Metric
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Efficiency (Linear Motor < Pneumatic Cylinder)

The “Efficiency” tab can be shown/hidden by pushing the green leaf button in the menu bar and is only available for linear
motor designs.

M EHES SHEBE Lt Ee> @02
T

The “Efficiency” tab shows the required electric power as well as the electricity consumption, the CO2 emission and the
energy costs per year for the defined application in case of continuous operation. The upper table shows the calculated
values for the selected linear motor system. The lower table shows the values, if the defined application is driven by a
pneumatic cylinder. The values are calculated for different standard diameters of pneumatic cylinders. The values can help
to decide, whether a pneumatic driven application should be substituted by a linear motor.

The “Total Moving Distance per Cycle”, the “Total Cycle Time” and the “Electric Motor Power” of the linear motor are
values from the current application. The “Total Moving Distance per Cycle” is calculated from the segment definition, the
“Total Cycle Time” and the “Electric Motor Power” are copied from the “Global Values” window. The assumptions for the
calculations are shown in the footnotes below the tables.

The content of the efficiency tab is only printed, if the tab is activated.

Global Values Walue | Lirnits §.-"F| Limits P/T I ﬁinematicsl Qiagraml I:ayout| Efficiency
= Motor Setup -
E Matar Typ!e PO1-37%120/1 80260 : Efficiency and CO2 Emission
Matar ¥ ariant Standard
Stator Type PSO1-37:120 Total Moving Distance ner Cycle’ 0.440m
Slider Type PLO1-201335/320 Total Cycle Timé&: 0.645s
Slider Mounting Regular
Mo, of Motors 1 «  Linear Motor {LinMot)
Dirive Tupe E11x0 /B1100
Supply Yoltage DC Link 724 Electric Electric Electricity Consumption | CO2 Emmission Electricity Costs
Cable Type Maone Motor Power (1) Power (2) per Year (3) per Year (4) per Year (5)
Cable Length Om o wa fawvn] [kal [EUR]
Ambient Temperature 250 55 91 728 364 87
Coaoling Methad Fan
Motor Data 1) Mean Supply Value calculated by LinMot Designer
Load Setup 2) Linear Motor plus Drive (+20%,+15W) and Supply (+10%)
Segment Results 3 200”2“2“9“5_009’:"3;0” (Uggnkm.:gif?]r} L. tu 2 gt
mission Factor: 0.5 ka/ky '\
B Global Results ! . t\“c\ ( o ‘
Total T = 5) Energy Cost Factar: 0.12 EUR/KWh £\ec
Min Stroke -0mm | 1& ppeumatic Cylinder ) ‘ ‘ ‘
Max Stroke 110 mm [ ——
Total Stroke 220 mm Air Piston | Air Consumption Electric Electricity Consumption | CO2 Emmission Air Costs
Peak Spesd -2.88 ms Diameter per Year (1) Power per Year (2) per Year (3) per Year (4)
Peak Acceleration -64.2 mis2 [mm] [Nm3] L] [KWh] [kal [EUR]
Pesk Force TN 10 11881 176 1404 702 270
RMS Force 445H - - -
Peak Short Time Ov... 192% 12 17109 253 2022 ron 389
Peak. Themmal Load B4E% 16 30416 449 3595 1797 G491
B Supply/Regener... 20 47525 702 5617 2308 1080
Peak Supply 3700 - - - - -
Mean Supply 55w | 25 T4'258 1097 8776 4'388 1688
Mean Regeneration 4.5 32 121665 1797 14379 7189 2765
Power Dissipation 40 190102 2308 22467 11233 4320
E Warnings - - - - -
Shoke oK 50 207034 4'388 35104 175852 G751
Force 0K 63 471571 G'966 5573 27'866 10718
Shert Time: Dverload oK. 80 760407 11233 80’866 44'933 17282
Thermal Load ok — - - - -
Acoeleration Bessve oK 100 1188136 17552 140°416 70208 27003
Mator Suppart Ok . X X o
1) Air Pressure: 6 bar, continuous operation (8000hfyear), leakage and distribution losses: 10%
2) Electricity Consumption Factor: 0.13 KWh/Nm3
3)COZ2 Emission Factor: 0.5 kg/kWh
4) Air Production Cost Factor: 0.025EUR/MNmM3 (According to pneumatic suppliers, including electricity costs)
a4 m
Metric
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The currency of the costs shown on the “Efficiency” tab can be changed.

Lﬂ@ﬁﬂ%lﬁ%ﬁlltﬁ.ﬂl%++lﬂﬂ@

For that purpose select “Edit measurement Settings” — Button.

| Measurement Settings . ﬁ ‘
Settingz: | Metric Units -
Farameter  Unit it
Time ms
Length ailul
hMass g
Force M
ForceCons.. MN/Apk -
BNew Unit |[ms ~| Significant Digits: 3 =

Currency:

| ook | | Cancel
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Time Graphs

In the “Kinematics” tab, time graphs of the stroke, velocity, acceleration and motor force give an overview of the motion.

Stroke [mm)

100

o

-100 ¢

¥ | I N ——

Welocity [mis]

50 | T
a —--
T . g R
Mator Farce [M]
1 T T R ]
S S N 5 —
00 becgo-cocoooo- T Pococcececceoceoooan e e
1] 200 400 G600

Tirme [ms]

In the “Diagram” tab, any calculated parameter can be visualized by double clicking a corresponding characteristic value
in the “Global Values” window (e.g. Min, Max, Peak, RMS or Mean values).

Thermal Load [%]

I S L
B3.82 fomdmmmm ------------------- R R
B30 [t el '- -------------------- -----------------------
8378 footf -------------------- -----------------------
I;I EI;IIII 4IZIIEI EI;IEI
Time [ms]
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Layout

The “Layout” tab shows you the mechanical dimension of the Linear Motor and the end positions for the different types of
motors. The Layout is dependent on the “Layout Motor”-parameter and the “Slider Mounting”-parameter in “Global

Settings”.
P01-37x120/180x260-C
Slider 395 mm Stroke 220 mm
154 mm o 25 mm --
Stator 216 mm
66 mm o 245 mm o
P01-37x120/180x260(-M)
Slider 395 mm Stroke 220 mm
. |
143 mm T 25mm
Stator 227 mm
77mm - 245 mm =

DISCLAIMER OF WARRANTY

THIS SOFTWARE AND THE ACCOMPANY ING FILES ARE PROVIDED "AS IS" AND WITHOUT WARRANTIES AS TO PERFORMANCE,
MERCHANTABILITY OR ANY OTHER WARRANTIES WHETHER EXPRESSED OR IMPLIED.

LIMITATION OF LIABILITY: UNDER NO CIRCUMSTANCES AND UNDER NO LEGAL THEORY, TORT, CONTRACT, OR OTHERWISE,
SHALL NTI AG OR ITS SUPPLIERS OR RESELLERS BE LIABLE TO YOU OR ANY OTHER PERSON FOR ANY INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES OF ANY CHARACTER INCLUDING, WITHOUT LIMITATION, DAMAGES FOR LOSS OF
GOODWILL, WORK STOPPAGE, COMPUTER FAILURE OR MALFUNCTION, OR ANY AND ALL OTHER COMMERCIAL DAMAGES OR
LOSSES.
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