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Exercises on drive sizing with Drive Solution Designer (DSD)
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Referent: DSDTeam /SSC, as of May 08, 2018

Lenze



Table of contents (1/2) - Beginners

01

02

03
04

05

06
07

08

09

Determination
moment of inertia

Inertia calculator -

Belt conveyor with S3  Sizing with operating SmartMotor m300

profile
Motion Designer
Spindle drive

Belt conveyor
start/stop

Travelling drive 1
Chain conveyor

Unwinder

Travelling drive 2

mode
Export of profile data -

Create motion profile, m850, 1950
use auxiliary calculators

Use of checklist, 8400StateLine,
ApplicationTuner g500-B, m550

Create motion profile m500, g500 CI

Sizing with operating SmartMotor m300
mode

Tooth belt transmission, MH, 9400
field-weakening

Evaluation of sizing, MH, g500
ApplicationTuner

20min

30min

10min
30min

60min

40min
40min

40min

30min



Table of contents (2/2) - Advanced

10

11

12

13

14

15
16

Rack drive

Stacker crane
Rewinder for paper
Project evaluation
Hoist with variable
profile

BlueGreen Solutions
Create user motor

3 DSD_V4-5_ Exercises_2018 05_07_EN.ppt V1.0

Advanced exercise,
counter force

Multi-axis grouping

Optimisation, user
motor, field-weakening

Optimisation, motor
selection

Optimisation, user
motor, field-weakening

Energy efficiency
Work with checklist

08.05.2018 Referent DSDTeam /SSC

MCS, g700, i700
MCA, g500, 9400

MH (50 vs. 29Hz)
9400

MCA, MF, g500,
8400TopLine

m500, g500, i500

various

40min
90min
,  60min
40min
60min

30min
30min

Llenze



Exercise 01-Moment of inertia

A belt conveyor is loaded with a cylindrical steel pressure roll for testing purpose.

There are four cylindrical drill holes (each for entire length of pressure roll) with a
diameter of 10mm each.

The drill holes are located on a radius of 50mm.

Given:

Diameter drive roll d1 = 112mm

Diameter pressure roll d2 = 170mm

Diameter drill holes d3z = 10mm

Radius where drill holes are located r1 = 50mm

Length of cylinder | = 700mm
Material of cylinder = Steel

Sought-after: Moment of inertia J of pressure roll s
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Exercise 01-Moment of inertia

Giving a clue:

File  Ecit View

ive Solution Designer
Extras

Tools | Window Help

EBody Cylincer . Designation

[ Diamete v | [100 | [ ]
i

[ hass selection

iD K08 [B A v apdication check list... & Mo [poomemee] w9
u Project 1.dsd * @ Manage user motors ... [ use paraliel-asis thearem
Sl S —
Drive system overview B Caloulator .
Eﬁ Inertia calculator ... [ Speed adaptstion based on v=const reference nigt)
Frl| Mass calculstor... Alt+M
| MotionDesigrer..,
il Gearbox calcuator... AlkA+G Moment of inertia of body E]
+i- 1.00E-06 kr® v
43 Energy efficiency of fandpump. .. l ] | | v |
1...3AC 9| special host computers » o~
Fee — | |
i Physical coefficients » vale value
Bacly ‘ Designation | J[kgm?] Delets
Collection of formulae markifg
@@ Other tools (weh links) » Delete
table
“ Help -C\nsa
P
i+ LI
i ] i
LY £
"

v = const

r, = diztance for the parallel-axiz theocrem
d, = datum diameter for v = const
I:I2= diameter of the field
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Exercise 02 — Belt conveyor with S3 profile

A belt conveyor for unit loads with a length of 10m is in S3 operation with a
relative operating time of 50% for 16hours/day.

The belt conveyor is continuously loaded with 35kg/m. The belt weighs 3kg per

meter belt length and runs on a supporting surface. There are no supporting
rollers.

The belt speed is 60m/min. Cycle time is 5min with acceleration time and
deceleration time being 5s each.

Drive roll and idler pulley:
Massive cylinder, m = 190kg, d, = 190mm

Friction coefficient: Belt/Surface: 0.3

Exercise: Sizing with SmartMotor and right-angle gearbox.
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Exercise 03 — Motion Designer

Anwendung: Geschwindigkeit

1) Enter the profile shown above in MotionDesigner. Open Motion Designer via
the symbol bar

H Drive Solution Designer

File Eciit iy Extras Tools Window  Help

0O @A EEE D E v @ Rela) 22
B Project_2.dsd*

Dtive system averview

2) Export the profile and save to a file.
a. Export to txt-file
b.Save as Lenze Motion Profile (*.Imp)
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Ubung 03 — Motion Designer

Giving a clue:

Drive Solution Designer

File: Exlit Wiew Extras Tools thdow Help I

0@ E O DR A EEEF B v Ok
B Project_2.dsd *

Crive syskem overview

Call MotionDesigner directly
via DSD’s symbol bar.

Import / Export of profile data

via context sensitive menu
e IDsHaEN #E e 2R a dBERANND X (right hand mouse click on

‘0 E—— @
JLu o e Ev .
WJ Aadd parameters ‘ P rOfI Ie’ )
Dirive 4

53 Copy object
it

}( Delete object

Display object in the background
5 Object properties

E Export profile data
E Import profile data...
] Update

e
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Exercise 04 — Spindle drive 1/2

Vertical spindle drive:
Mains supply: 3AC 480 V / 60 Hz
Mechanical data of roller spindle:

- The spindle is made of steel and has a length of 2000mm

- Leadscrew pitch 5mm, leadscrew diameter 25mm

- Mass of the slide 200kg, coefficient of friction of guide rail 0.02
Motion profile:

- Starting at the bottom position the slide is moved upward
for a distance of 410mm within a time of 1.63s with a payload of 500kg.

- Acceleration time and deceleration time is 0.5s with a jerk ratio of 33.33%.

- Standstill time at top position is 2s, thereafter reverse motion to bottom
position with a payload of 200kg. Standstill for 2s.

- Activate the brake and inhibit the controller at standstill
Carry out a DSD sizing with the following components:

- Servo synchronous motor m850 with brake and absolute value encoder
- Servo inverter 1950 with brake resistor
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Exercise 04 — Spindle drive 2/2

Hints:
- For operation in vertical direction set angle of tilt to 90°
- Use auxiliary calculators fir determination of
- Spindle efficiency
- Spindle moment of inertia
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Exercise 05 — Belt conveyor start/stop

Dimensioning for a queue conveyor in baggage E—
handling (belt conveyor with frequent start/stop s <35

operation).
ﬁ@ The requirements have been collected in the
Adobe Acrobat docume_nt . . .
Document ,Checklist_Application_Exercise05.pdf".
Tasks:

1. Carry out a sizing with DSD with IE3-motor m550, right-angle gearbox g500-B
and frequency inverter 8400StateL.ine.

2. Check the data in the check list for plausibility. Is anything missing?
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Exercise 05 — Belt conveyor start/stop

Tasks continued:

3. On request the customer informs you on the moment of inertia of both drive
roller and idler pulley. The moment of inertia 0.06kgm?2 each.

Reopen the DSD project from task 1 and enter the moment of inertia in the
Application Tuner.

Analyse the effect on the drive sizing.
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Exercise 06 — Travelling drive

A payload is to be moved according to a given speed profile by a wheel-driven
travelling drive.

Data in detail:

Horizontal movement, one wheel is driven. A 1

Mass of vehicle: 2.650 kg - m,. :

Payload: 1.500 kg . l\

Wheel diameter: 400 mm Jc//r:-{ M:,:.J

Specific travelling resistance: 250 N / to Z o= —

Kinematics: worst case Ambient conditions:

Operating time: 1 shift (8h/Tag) Ambient temperature geared motor: max. 30 °C
Acceleration and deceleration: 2 m/s2 Ambient temperature inverter: max. 40 °C
Movement in positive direction : 30 m Site altitude: below 1000 m

max. travelling speed: 220 m/min Electrical supply system: 3 AC 400 V, 50 Hz

Stand still: 10 s

Drive solution sought-after:
Drive 1500, IE3-motor m500 with g500H helical gearbox in direct mounting.
Make alternative solutions with both m550 and m540. What is the difference? wnze
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Exercise 07 — Heavy duty chain conveyor

A chain conveyor is operated at a maximum velocity
of 12m/min with a payload mass m,,,,, =5170kg.

The application data is:
d = 96.40mm; mc;,, = 70kg; HUggn = 0.09; nep=0.95

The chain conveyor is used in an intermittent
operation mode (S3) with a relative operating time of
80% in two shift operation (16hours/day).

At standstill controller inhibit is set.

There is no motor brake.

Both, the acceleration and deceleration time are 1.5s. The cycle time is 50s (with a
positive direction of movement).

The supply and ambient conditions are:
3AC 400V supply system; power system: TT/TN system; max. ambient temperature of
motor/gearbox: 30°C; max. ambient temperature of inverter: 40°C; site altitude: 1000m

Task: A suitable Smart Motor m300 without energy saving function and a g500-S gearbox
(mounting position E) are to be selected.
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Exercise 08 — Unwinder

Dancer-controlled single unwinder
Mains supply: 3AC 400 V /50 Hz

Application data:

din / e = 80 / 800mm Frin / Fmax = 200 / 200N
Width = 500mm Thickness = 0.08mm
Density = 0.95kg/dm3 Jeor = 76kgcm? n =0.97

Motion profile with S-shape :

Vax = 400m/min tocc = tyec = 12S tes = 35S

Jerk ratio: 33.3% to1 = tgo, = 10s to3 = 600s

Set brake and controller inhibit at standstill 9F

®

Carry out a drive sizing with the following components: B i

Tooth belt transmission, Servo controller 9400, -

IE2 asynchronous motor with feedback system

Hint: Use motor in field-weakening range to cut motor power ple inverter
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Exercise 09 — Travelling drive 2

A payload is to be moved according to a given speed profile by a wheel-driven
travelling drive.

1. Please load the existing DSD-Project
Exercise09 travelling_drive_ MH_g500.dsd

Validate the selected components with respect to the application.

The original sizing is to be changed from trapeze profile to s-shape with jerk
ratio 33%. Carry out the adaption with Application Tuner. Evaluate the result.

4. Change the profile in the original sizing to s-shape with jerk ratio 20% and
keep the max. acceleration at 2m/s2.
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Exercise 10 — Rack drive

The vertical rack drive of a portal robot has to
move a load of 50kg according to a given profile:

Infeed 1200mm
Travelling speed 140m/min

Acceleration-, deceleration- and stand still time
0.3s each.

Two shift operation.

The module length of the rack drive is given with
2.2mm and the pinion has 30 teeth (effective
pinion diameter d 4 = 66mm).

The efficiency rack/pinion is 90% and the coefficient of friction of the
guide rail is10N.

The customer asks for a servo system with i700, synchronous servo
motor MCS and planetary gearbox g700 .
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Exercise 10 — Rack drive

Servo technology A 2-shift operation

E_Iw*wl_z 140 I"I"I.'"I"I"III'I =] in 013 g
"-m-fp < 1200 mm

g; TSN >
E d=66mm \\___//

n =90 % «> <«

1ONJ

50 kg

stand still time 0.3s each
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Exercise 11 — Stacker crane

Data for travelling axis and lifting axis:
Travelling distance: Smax = 27m
Lifting height: hmax = 13.5m

Load handling time: 6s, Simultaneous start of both axes
Travelling drive: vmax= 3.6mM/s  amax= 1.7 m/s?
Lifting drive: vma= 1.3m/s  amax= 1.0 m/s?

Ambient temperature: Tmax= 40°C
Profile according to FEM standards (see sketch below right)

Tasks:

1. Determine and sketch the coordinated profiles of both
axes.

2. Select a drive solution for both axes with DSD:
Components: MCA, g500-B, 9400

3. Size a regenerative supply module.
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1 pulley =0.1kgm?

toothed /

belt
mass=20kg

~] «— mass payload =100kg
mass load handling
device =420kg

transmission
efficiency =0.95

d = 200mm

1 pulley =0.1kgm?*

l«—— mass =2000kg

d =300mm d = 300mm
lofallwheels =1,25kgm?

specific travelling resistance = 80N/t

r
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Exercise 12 — Rewinder for paper

Dancer-controlled single rewinder:

Mains supply: 3AC 400 V /50 Hz

din / Aoy = 76 / 1350mm; Frax(Omin) / Frax(Omax) = 360 / 250N
Material: Width = 600mm; Thickness = 0.1mm; Density = 0.9kg/dm3
Motion profile: v, =400m/min; t .= 20s; tyec = tes = 15s;

S-shape with jerk ratio 33.3%
Coil and winding shaft moment of inertia = 76kg/cm?2

Tasks:

a.

Select a suitable drive system with tooth belt transmission and IE2-motor with
feedback and servo controller 9400

Create an alternative with maximum utilisation of field-weakening
Create an alternative with a MH-motor in 29Hz technology (see user motors)
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Exercise 13 — Project evaluationl/2

Open example project “Travelling drive”

[0 Drive Solution D\ igner V4.5.0.5 (Manufacturer license)
Fie Edt View Extras Tools Window | Help

DeH OO R A EBEE | awos.

’ Help A
‘ o Dimensioning examples P || ox  Paset feed with bett drive
‘ Check for updates v Shuttle with travesing drive
‘ Acquisition of appiication data o~ Traveling drive
o=  Spindle drive
Support on the intranet (AKB) e | Heavy-duty roller conveyor

‘ 3 Information on the drive dimensioning = | Heavy-duty chain conveyor
ve | Hoist drive without counterweight

v Rewinder (tension control, M)

@ Release Notes
&  Support on the Web (AKE) o Unwinder (dancer position control, n)
3. o Fan

‘ @ Software downlcads

‘ @ Lenze on the Internet

1. Evaluate the utilisation of the selected components. For this purpose check
the recommendations on reserves in the DSD help.

[ DSD Drive Solution Designer .5 (=R ==
o] 4+ = Al =

Aushlenden  Zuriick Vorwarts  Startsete  Drucken

-

nze Prev page | Next page
Inhalt | Index | Suchen I_.e_ _____________________________________________________________________________________________________ |

Zu suchendes Schiiisselwort - Results: comparing, optimising, logging

|resenre|

Reserves with regard to drive sizing

Resarves with regard to drive sizing -
Resolver -

In order to avoid a multiple consideration of reserves, no reserves whatsoever are allowed for in the DSD

(exception: DC bus power in the multi-axis grouping).

| I ueeal o
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Exercise 13 — Project evaluation 2/2

2. Carry out alternative sizings:
b. with a MCA motor with reduced power
c. with a MF motor and use of field-weakening

3. Compare the results of all three projects.
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Exercise 14 — Hoist

dA
Rope-guided hoist without counter weight:
« Mains supply: 3AC 400 V /50 Hz
« Diameter of drum = 300mm m,
« Mechanical efficiency = 90%

« The lifting speed is adapted in dependency of the load:

« mL=1000kg -> v = 0.7m/s; mL = 400kg -> v = 1.4m/s; mL = 100kg -> v = 2.0m/s
* Acceleration / deceleration 1m/s? each

« Lifting height up and down 5m each

« Standstill time 1s between each movement

Tasks:

a. Select a suitable drive system with an IE3 asynchronous motor m550 with
feedback, right-angle gearbox and inverter i500

b. Carry out an alternative with utilisation of field-weakening
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Exercise 15 — Energy efficiency

Comparison of different drive systems in terms of energy efficiency

a. Open DSD's example project on ,Hoist drive without conterweight”

v~ Drive Solution Designer V4.4.0.6 (Manufacturer license) -
Fie Edit View Extras Tools Window | Help

DR O®/RA FEFRHE | auoso.

. Project_hoist MH160-22 dsd * @ Help FL
Drive system averview ex  Dimensioning examples P || = | Palette feeding
Supply network g Check for updates o | Shuttle £

u 400 v Py

1 Acquisition of application data.. = | Fan
Nops |30 Iy £
i |50 Hz [ oo | Traveling drive

| TT/TN system Bth, max Support on the Intranet (AKE) wo | Heavy-duty roller conveyor b

Information about drive dimensioning i Heavy-duty chain conveyor

3AC o~ Hoist drive without counterweight
+ ‘;. Release Notes oo | Winding unit (tensie force control, M) -
& | Support on the Web (akB) e | Unwinding unit (dancer bearing regulation, n)
l @ Software downicads
Navigation @ Lenze on the Internet rious options are avalable for displaying the results. Blue GTTEEFI
Solutions

v"/ Project information [’

Protokolie

b. Carry out an alternative with synchronous servo motor MCS19J30 and save to a file.
Keep a 9400 single axis with brake resistor.

c. Carry out an alternative with synchronous servo motor MCS19J30 and 9400 multi axis
(Supply via DC link).

d. Open BlueGreen solutions and make a comparison of the three projects
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Exercise 16 — Creation of user motor

1. Open checkKlist:

e

Adobe Acrobat
Document

2. Open dialogue ,Manage user motors®:

ba Dirive Solution Designer V4.4.0.6 (Manufacturer license]

Fie Edit View Extraz Toole Window Help

Ded @O0 BAFEREAIR v® Bk C)AK

3. Create a new data set for motor m850 120S as user motor.
4. Create a DSD project by including this user motor.
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Solutions
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Exercise 01 — Moment of inertia

Solution:

Inertial calculator

[X| Inertial calculator {X|
Eody Designation |pressure roll | Eody Designation |ho|e ‘
‘Diamete v‘ |170 | |mm v| |Diamete V| |1U | |mm v‘
Length 700 | [ rom ] Length [700 | [ mm v
D Mass selection D Mass selection
Density [7e80 | [lgme ~] Density 7350 | [kate  ~]
Mass [124 725548037] [ ko | Mass [n43157620075] [ Ko |
[ Use paraliel-axis theorem Use parallel-axis theorem
Distarce |00 | [ rom v Distarce |50 | [ o v
Speed adaptation based on w=const reference nid) Speed adaptation based on v=const reference nid1)
, J [a1 v [z | [mm | J Lt v [112 | [ mm ~|
[uz | |170 | mom | " 2 v| 170 | [ mm |
Mamert of inertia of kody (=] h Moment of inertia of kody e
v = const v = const
[[+0- ] [oase | ke v [ <o | [#7Em | [kam= v
Accept Change Accept Change
value value value value
Body Designation Jkgm?] Dilste Body Designation lkegr] Delete
Cylincer ressure roll 1956 marking Cylincer ressure roll 0.1956 marking
Cylincer ale 14,707 E-04 Cylinger ols 4 707 E-04
Cylincer ale 14,707 E-04 Delete Cylinger ols 14 707 E-04 Delte
Cylincler ole ~4.707ED4 table Cylincer ole F.707E-D4 table
Cylincler ole F4.707E-D4 Cylincer ole F.707E-D4
Total 0.194 | [lom v Tetal 0194 | [lgm ]
Com | |
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Exercise 02 — Belt conveyor with S3 profile

u - Drive Selution Designer V4.5.0.5 (Manufacturer license)

Fie | Edit \iew Extras Tools Window Help

. Exercise2_belt_conveyor_m300_V4_5.dsd

Drive system overview

Supply networl: MS 050-32 ge00-B240 Belt conweyors for unit loacds
u 400 W Py 1.36 ki Iheq 26 566 Py 1.2 ki
Mehs 3.0 iy 2600 1 frmin [ 234580 Pirnz cto 0,797 kA
f a0 Hz filp,) 5.00 M Type Direct mourting Prozs 1.2 ki
TTITN system Iy 2.80 4 Mper aut 240 Mm L 118 Mm
1 : i A, 74 % k 1.00 mn, 101 1/fmin
Inertial calculator @ (M ) . & I3k
= o - Al a0 % Vo arin,rma 4500 1fmin [ 0.200 mis®
Field I Cylinder - Designation drive roll K g oo 37 Mper th,out 126 1 4min — 542 kam?
Rotary axis z axis - Plin,rzss 2357 1/min My 48 6 1/min
r 1 r n 1071 14min
Diamete - | |180 mm - Thaz
) ) = - Meg 106 Mm
Length 100 | mm =) Al ) 443 ¥
Mass selection A M) 490 %
Density 1 jkg.l‘m’ vj AT 0%
r . 323
Mass 190 kg = Pn1.6 Fhnd b
L J Al ) 2.4 ¥
|:| Use parallel-axis theorem
Distance 100 mm -

v = const

|:| Speed adaptation based on v=const reference n(d1)

Mornent of inertia of body

=

=1- 0.857 s
Accept Change
] value

Field Desi Jkgm?] I

Cylinder drive rol 10.6574 marking
Cylinder idler pulley 0.8574
Delete
table
28 Total 171 kg |

Determination of moment of inertia of rollers:
This includes drive roll and idler pulley.
There are no supporting rollers.
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Exercise 04 — Spindle drive

Solution:

Drive system overview

o Exerciseld_Spindle_drive_V4_5.dsd

Supply network: i960-C2 2/400-3 mi3s0-51 20053960 Spindle drive

i} 450 W Py 2.20 ki Py 200k P o 3.3 ki

Mphs 30 Ing 450 4 My 3960 1 imin [ 1.46 ki

il B0 Hz Iy 1M12a Mgy 4 80 N Prmse 2.9 ki

TTITH system [ — 346 % Ip) 4.350 4 /- F.24 N
Allyed s ) B35 % AMypns ) g1 % 1 4320 1 imin
At {m)  |260 AlM ) 82 % B 1.08 rnis?
At Brn 832 % AMdyn ) 171 % i — 7 44E-04 kom®
Ao Proa) 436 % ki 1.1 Ny 1348 1min
Type ERBS240R3000 | [k ) rase 10
At b 6.3 %
Anax Rb 578 %
3AC it

Inertial calculator

Field | Cylineter v Designation spindie|
Use of auxiliary calculators: ayess | lexe ]
I Diamete - | |25 | mm =
= Length 1000 | mm ]
Spindle efficiency
[] mass selection
! : Density 7850 P
Leadscrew pitch 5 | mm - . .
Mazs 3.8R335973916 _kg - |
Effective (frictional) leadscrew diamete | 25 | mim - | D Use parallel-axis theorem
Coefficient of friction of ths spindle | 0.008 Distance 100 |Lmm ]
Spinclle efficiency 0.888 |:| Speed adaptation based on v=const reference n(d1)
J
Help ] ’ Accept ] ’ Cancel ]
Moment of inrtia of body =]
v = const i 3.01E-04 " |
. = m® -
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Exercise 05 — Belt conveyor start/stop

Solution to 1:
o Exercisel5_queue_conveyor_without_J_ V4 _5.dsd

Drive system overview

Supply network EG4AMSCx1524 mas0-Pa0sL4 ga00-6240 Belt conveyors for unit loads
] 400 W Ppy 1.50 ki Py 1.50 k' iraq 3.9047 Pta 1.5 kKl
Mohs 30 Ipyg 390 4 Fipy 1442 1 min (- 38650 Pz cto 0956 kA
f 50 Hz [ 70 & Pl 9.93 M Type Direct mourting — 1.8 ki
TTITM zystem FoN— G286 % Ity 330 A | Mper out 135 Mm {1, 39.2 Mm
Aled s Ry Al 93 W kg 1.00 [ 369 1 ity
Allnaser flyp)  [2.36 LY N— a0 Mgt in, rrvase 4500 1 Sty A 684 mis®
At B 315 % AlMgyr o ) 149 % Mper th,out 435 1/mik i — 0.227 kgm?®
A Prozs:) 235 % by 091 [ T— 1317 1/min My 234 1Jmin
Type ERBP1S0R200WM | K] rrmee 33 [ 369 1 ik
A Bh 454 % Mg 256 Mm
F T 233 % AlMag ) 186 %
A ) I3 W
AT 0%
e, 324 %
ANz ] 293 %

.

-

. i
E") -

[ 3AC
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Exercise 05 — Belt conveyor start/stop

Solution to 2. — Validation of check list

The information on the moment of inertia of both drive roller and idler pulley is
missing. As there is no information on the geometry of the rollers, there is no
chance to derive the moment of inertia.

As for queue conveyors the moment of inertia of the rollers is a significant fraction
of the moment of inertia of the whole application (here 1/3). this information
should be collected from the customer.
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Exercise 05 — Belt conveyor start/stop

Solution to 3. — Application Tuner

The consideration of the moment of inertia of drive roller and idler pulley leads to

motor overload. Selection of a bigger motor becomes necessary.

v ApplicationTuner

Change application data:

Result comparison

(]

i Overview | : Application | : Gearboxes ' ! Motor | © Inverters | : Energy costs |  Energy comparison

d= 1120 [[1120 i -
o mE50-PA0ILY Py 1 50 ki 1 50 kiif
@ =] 1442 1imi 1442 1 mi
mgy = |7.500 ||7.500 ki | [ firy in in
a ™ 993 Nm 9,83 Mm
— Iy 330 A 330 A
™ 0 0 ke - E A(Myns ) 98 % 130 %
v > AlMc) 0% 115 %
o = ==
o = |0 [P == '} AMgy ) 143 % 18 9%
i [ 0 LE
@ — K ), 33 50
Fagg = 0 0 H - B
90.00
E= 0 0 -
0
Uggn = 03000 ||0.3000
o
Hayy = |0.03000 |(0.03000 Motor: M-n characteristic Motor: M-n characteristic e
o Nm Nm
20 20
10 10
M 0 M 0
-10 -10
Change motion design: 20 20
‘ MationDesigner ‘
Help ‘ Save | - | | Close
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Exercise 06 — Travelling drive

Possible solution with m550:

Helical gearboxes of type g500-H with maximum torque of 3000Nm can be combined with m550.
g500-H in the torque range of 5000 — 14000Nm can be mounted on m540.

- Exercisel6_travelling_drive_m550_g500H3000_i550_V4_5.dsd

Drive system overview

Supply network: 1550-C30/400-3 mao0-P160/L4 f500-H3000 Traweling drive
u 400 Pry 300 kit Pry 263 kanf ireq 14737 Prto 34 i
Mohs 30 Iy B1.0 4 Fify 2680 1 frin iact 5 14233 S — 13.3 kand
i a0 Hz " 122 4 Iy 974 Nm Tyhe Direct maurting Privas 34 kni
TTITH =ystem A — 332 % Iy 3A Moer aut 2530 Mrn [} 1865 Mrn
Allved s ) B45 % FY | B3 % kg 1.00 [ T— 175 1 Jmin
Allnaset Flam) |2.35 A M) a0 % Mper i, mas 3500 1 fmin Arnas 2.00 m/fs*
Bt B 249 % AMgn ) 162 % Flnar thout 93.8 1imin i — 166 kgrn®
Ao Prozsc] IFE M ky 097 Fliny rras: 2492 1 frin Flgy 71 E imin
Type ERBGOMZR0MKS | [k rma 97 e 175 1 fmin
A Bh BA.4 % Maq 1026 M
L B1.3 % Aidg) 406
P — 965 %
A(T) 0%
Aent,G e 475 %
Py (g — 2%
3JAC

|

¥

ol
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Exercise 07 — Heavy duty chain conveyor

= Exercisel7_Heavy_duty_chain_conveyor_V4_5.dsd

Possible selection of components:

Ubersicht Antriebssystem

Elektrizches Metz Ms 050-32 ga00-3400 kettenférderer
1] 400 Py 1,36 ki ireq 55,617 Pao 1,1 ki
Mohs 3.0 Fipy 2600 1 Jrnin [ 55,559 [ —— 0,566 kil
f a0 Hz hpy 5,00 Mrn A=fihrung Direktanbau | — 1,1 ki
TTITH-Metz Iry 2,80 4 Moer aut 400 M [ 269 Mm
P — 67 % kg 1,00 - 39,6 1dmin
Al 93 % Pipeer i, s 4500 1 frnin Bz 0,133 mis*
[ 11 Nper th.out 47,9 1imin i — 12,2 kgm®
[ T— 2598 1 /min Flgy 30,5 1dmin
Flrnas: 39,6 1imin
Maq 233 Mm
AlMeg ) 58,3 H
Al 67,1 %
AT 0%
21,5 (e 57A %
Al ) 87,7 W
- e
3AC - i f
= T
= g ;..
M
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Exercise 08 — Unwinder

Possible solution:

see commented dimensioning example unwinder

Fle Edt View Exras Todls Window | Hep |

Do 00 RaEEEH
@

(208

& e e

About DSD...

Heip

Dimensioning exampies
Check for updates
Acquisition of appication data

Support on the intranet (AKB)
Information on the drive dimensioning

Release Notes
Support on the Web (AKB)
Software downioads

Lenze on the Internet

F1

Ua

U

Ua.

U

U

Palette feeding

Shuttie

Fan

Traveding drive

Heavy-duty roler conveyor
Heavy-duty chain conveyor

Hoist drive without counterweight
Rewnder (tension controi, M)
Unwander (dancer posiion control, n)
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Exercise 09 — Travelling drive 2

Solution: A warning regarding the maximum torque comes up. Click on exclamation
mark or characteristics symbol below the motor leads to detailed information on the

results (see next slide).

o Exercise(9_travelling_drive_MH_g500_V4_5.dsd *

Drive system overview

Supply network: E94ASHED474 MH 160-22 g500-H3000 Traveling drive
u 400 Py 22.0 ki Pry 19.4 kK ireq 13.509 Poto F7 ko
Mohs 30 Ity 47.0 8, Ny 2RE0 14min et G 12,762 Pirns.cto 163 kW
i a0 Hz —— 9404 by, 71.8 Mm Type Bearing flange Privase 37k
TTITM system L 805 % Iy 37T A Mper aut 2475 Mm 1 E— 1868 Mm
A, i ) 805 % Mz ) 85 % kg 1.00 [ — 191 1 irin
Allad s ) 925 % A, ) (280 . 3500 1inin _ 2.00 mfs
Al ) [2.49 A gyrm ) 222 % Flpar thout 91.5 1/min o — 166 kom?
Bk B 22 ks 0.4 ([ — 2437 1 fmin ([ 735 1 min
A (Prase) TTE [ y— 17 [~ 191 14min
Type ERES01&RO2K4 Meg 1087 Mm
F— 574 % AMag) 439 %
A R FTE % AiMrnzse ) 93.9 %
P — 17.4 %
AT 0%
201,56 (n) 50.3 %
Ay ) B9E %
JAC

1

()
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Exercise 09 — Travelling drive 2

37 DSD_V4-5_E»

Solution: This restriction in the available torque can be neglected for a travelling
drive as the drive has enough time to compensate the following error at the end of
the acceleration phase during dwell time.

hotar: Torque

Idrin b
! = = Mypm

—MM

225 1
200 A
175 A
150 1
125
100 A

— MI’I’IEX E|‘|j

= = My
87 % AlMyne)
226 % AlMgynm )

50 4

-100 -
-125 -
-150 1
-175 1
-200 -
-225 |

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

t



Exercise 09 — Travelling drive 2

Solution: The drive reaches the voltage limit in this point of operation, which is
compensated by an increase of the current.

Motor: Current characteristic

150 |t—r—t Imax

125 {}---- ...... ....... ....... ...... ...... ....... ....... ...... ...... ....... ....... ...... ......

SO S S T T U U N O T OO T T WO M A 87 % Allyme)
4 " i i i i i i i i i i i i i i i i i i 3??A IN

151 A |

=
25 1

Motor: voltage

400 | e

/~" 400V Uy
3|:||:|. ...... . . .. ....... ....... . ...... . ..... .. ....... ....... . ...... . ...... .. ....... ....... . ...... . ......

U 200 ool N

Te o] | /88 NN NN NUUUS UUUOOS FURIOE URUE SN U VRS U U SOV SUUUNt U MU OO SOMU U SOt

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
t = -
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Exercise 09 — Travelling drive

Solutlon '[O 3 : . _ Res'ult Com.parison : : .
: Qverview | : Application : Gearboxes | : Motor | : Inverters | : Energy costs | : Energy comparison

Adapting the trapeze profile to s-shape in geo0.Haoon 1280 1280
Application Tuner leads to significant increase of ; st sorratrs
max. acceleration (2m/s? to 3m/s?) resulting in - o o
overutilisation of the drive components. X% . rton o151 o151

ot ran

AlMiae) 939 %

FN (L — 17.4 % 252 %

AT 0%

Gearbox: Output torque Gearbox: Output torque
| Nim Nm
J 5,000 : : : £ 5,000
Application 2,500 : 5 5 ; 2,500
Tuner i
M0 M0
-2,500 -2,500
5,000 : f f F 500 _ . . |
0 5 10 15 20 0 5 10 15 20
t s 5
Change motion design:
m/s v m/s
[
Motion Designer 25 \
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Exercise 09 — Travelling drive

Solution to 4;:

Adapting the trapeze profile to s-shape and
keeping the max. acceleration to 2m/s? results
in a higher max. speed. The increased field-
weakening factor kf leads to a better utilisation
of the M-n characteristic. S-shape leads to a de-
coupling of max. speed and max. torque.

Change motion design:

‘ Muation Designer

Profile | Line | S-edge | Imported profile|

Type Base values

& [ Spedification |Distance.|"h'me j
Ol Distance | 30,00
LA Time | 9,50
C [ Velodty | 448 mfs ¥
I¥ 5 shape

Acceleration Jerk
Spedification |Acceleraﬁon j spedification | Jerk ratio j

Max, (eft) | 2,00 mfsz Left | 20,00 % -

Max. deceleration | 2,00 mfs2 Right | 20,00 % -

40

Result comparison

¢ Application | © Gearboxes : Motor

i Overview

: Inverters

: Energy costs | ¢ Energy comparison

MH 16022 P

firg

My

Iy

AV )
Ao}
AlMayn )
Kt

I‘<J,ma><

19.4 kil 19.4 kil

2680 1 imit 2680 1 fmit

718 Mm 718 Mm

IFTA IFTA

g6 % 87 %
L
222 % 222

054 11

17 17

—————

Maotor: M-n characteristic

Nm Nm

150 | L1 —

100 4 - 100 { -~

M 0{—— ' M 0 ;

-100 1 -100 1+

-150 1+ -150 1+

200 e -2001

-2,500 0 2,500 -2,500 0 2,500
n 1/min i 1/min
fms =]
Az— ’5



Exercise 10 — Rack drive

Solution: In the Motion Designer the coefficient of friction of the guide rail has to be
considered as counterforce. Make sure to enter it like sign with the velocity.

Application: Velocity

—

2.3miE Vg

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2,25

t

Application: Counterforce

——

-10 . . . .
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2,25 .ze
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Exercise 10 — Rack drive

Possible selection of components:

v Exercisel)_rack_drive V4 5.dsd

Drive system overview

Supply netwiark: E7OAChxx0104 51 MCS 09FE0- g700-P44 Rack drive
u 400 % Py 220 ke Py 1.60 ks ireq 88562 Paa 2.3k
Mohs 30 Iy 500 A& Fip, G000 1 i i3t G 9.0000 Prrs cta 1.33 ke
i al Hz (- 100 4 Pl 240 Mm Type Bearing flange Pria 2.3 kind
TTITH =ystem P A— 9.5 % Iy 450 A | Mper out 440 Mm [ — 326 Mm
Allved rras 1 2.4 % PV W 7B ¥ kg 0792 — G745 1 imin
Alpnase) ) 222 Az 73N |Npeerin, rria F000 1 i Brnax 7RG mis?
A g ) 186 % Nper th,out 425 1 imin i — 0.0544 kgrn®
k¢ 1.0 [r— BO77 1 frnin Pl 312 1imin
K1 rnase 26 — G745 1 imin
Maq 211 Mm
LY B0.4 %
P 741 %
AT 0%
41,5 (n) 728 %
FLY (g P— 865
DC 1 e =
LI sy =
1i)
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Exercise 11 — Stacker crane

Motion profiles of both axes:
Application: Velocity Travelling axis

:m.l's v: v
3B mE Vg
2:5 . O e S v S e A s St
v 0.0
[ J1 3 | (RS SO HNUU S S, SO, W S JS SO I U—— W S SN S A NS S

0.0 25 50 7.5 100 125 150 175 200 225 250 27.5 30.0 325 350 375

t s |
_ Application: Velocity Lifting axis
s * v
1.3mE Vi
1.0 4
0.5 1
v 0.0
-0.5 1
-1.0

0.0 25 50 7.5 10.0 125 150 175 20.0 22.5 250 27.5 30.0 325 35.0 375

t .S 'v.
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Exercise 11 — Stacker crane

Topology Stacker crane:

2x 180, 550V AC

L1 7
L3 .
L3 -
N
1F
AL
0
FERY
1 [
— 1.|_||:I
. — —
Fegenerative Ml_ml Aulti
posver supply uni Drive Drive
Brake resistor Ra
. | M M
optiona N 3~ 3
V/R-Module Travel drive Lift drive

EQ4ARNEO134  E94AMHE(0224 E94AMHEO0134
MCA21X42-  MCA21X25-
g500-B1500  g500-B1500
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Exercise 12 — Rewinder for paper

Best solution

Parameter 12a_Rewinder 12b_Rewinder 12¢c_Rewinder
Motor
Motor group MHXMA MHXMA MH 29 H=z
Type designation 160-22 132-22 160-22
Rated power 11.0 KW .50 kW 6.28 kW
Rated torque 71.5 Nm 49.1Nm 71.5 Nm
Rated speed 1470 1/min 1460 1/min 840 1/min
Rated current 21.8 A 15.6 A 12.6 A
Rated voltage 400V 400V 400V
Moment of inertia 570 kgem® 336 kgcm® 570 kgem?
Field weakening factor 2.0 3.0 4.0
Utilisation with reference to the 83 % 93 % 2%
effective torque
Utilisation, maximum torque (motor, 28 % 34 % 60 %
inverter)
Short-time overload 100 % 97 % 87 %
Stationary torque efficiency 101 % 97.6% 87.2%
Max. load-matching factor 445 338 334
Inverters
Inverter type ES4ASHED244 E94ASHEO174 E94ASHEO134
Rated inverter power 11.0 kW .50 kW 5.50 kW
Qutput current 23.5A 16.5A 13.0A
Max. output current 58.8 A 49.5A 39.0A
Max. thermal utilisation 79.1 % 90.2 % 822 %
Max. utilisation, power pulse current 55.9 % 62.6 % 57.1%
Utilisation referenced to max. current | 32 % 371 % 28 %

45 DSD_V4-5_Exercises_2018 05_07_EN.ppt V1.0 08.05.2018 Referent DSDTeam /SSC wnze




Exercise 12 — Rewinder for paper

Result:

The favorite (best performance for money ratio) is solution C featuring the smallest drive

in combination with a motor (29Hz technology) with big frame size but small power.

For a winding application the load-matching factor ksis moderate.
By maximum utilisation of the field-weakening range the drive power can be reduced

from 11 to 5.5kW.

M-n characteristic of MHXMA 160-22, 29Hz technology:

Mrn

250

200

Maotaor: M-n characteristic

250

-2,000

-1,000 0 1,000 2,000 3,000

4,000

1imin

My, Ny
nyy

Koprmax (M, n)

60 ¥

87 % AMgynm )

40 Ik
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M [Nm]

Exercise 12 — Rewinder for paper

Aufnahmerichtung

ASM 29 Hz am Servoumrichter 9400

60 -m————-- 36
55 %" > S 33
50 / \‘\\ 3
40 —t}g / / H"‘\%( \- 24
35 R . 21
/ / o/ TS ( Leistung 3
30 / o/ 3 ) 1.8 =,
’ o
25 s " \:’ 15
S
20 ¢ ~ L 12
// r" \ -
15 - - 09
/ / 1 N L Drehmoment '
10 ////’ i — 06
5 0,3
0 T T : T T T T T T T : 0
0 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300

Drehzahl [1/minl]
= = theoretische Sollwerte M und P

M, P=f(n); UNetz= 400 V, Imax (C022) = 100 % INennMotor
M, P=f(n); UNetz= 400 V, Imax (C022) = 200 % INennMotor
M, P=f(n); UNetz= 400 V, Imax (C022) = 150 % INennMotor




Exercise 13 — Project evaluation 1/2

1. Result of project evaluation: Motor, inverter and brake resistor have been
selected with a high reserve.

o Project_motion.dsd

Drive system overview

Supply network ES4ANT Cx1 634 MACA 19538 500-E520 Travelling drive
U 400 Fry 160 ki Piy 13.2 kK [ 12408 Pota 12 ki
Mok in Iy JzoA fify 3610 14min [ 13370 Pirnz.cto 4.87 ki
i a0 Hz - G404 fp, 36.0 Mra Type Direct raoltting Prozs 9.4 ki
TTITH system Bt 492 % Ity 257 8 Moer gt 19 him - 416 Nm
Allkad rmax ) 432 % Mg 38 W kg 1.00 Mz 253 1imin
Al ) 223 A 46 % Nper in,rmas 4000 1.min B 2.00 mfs?
B4t Brrn 200 % A M gy 1 ) 93 % Fiper th.out 1301 frnin i 25 5 kgn®
Ao Proas) 227 % kg 1.1 [ — 3783 1imin Ny 108 1 imiin
Type ERESMERM K2 | [kt s 13 N 253 1/min
I 433 % Mag 225 Mm
P, 227 % A(Mgg) 3E3 Y
AMra ) 891 %
AT 0%
P4p1,5 (Men) B45 %
Al ) 945 %

1\i:'lﬂnl}
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Exercise 13 — Project evaluation 2/2

49

Parameter Project motion.dsd 13b_ MCA 5.2kW 13c_MF_7.5kW
Lenze gearbox

Gearboxes g500-B820 g500-B820 g500-B820
Actual gearbox ratio 13.37 13.37 14.63
Thermal utilisation of the gearbox 55 % 55 % 49 %

with mineral cil.

Utilisation with reference to the max. 95 % 95 % 92 %

Input speed.

Utilisation, with reference to the 38 % 36 % 35%
equivalent torque

Utilisation with reference to the max. 89 % 89 % 85 %
Qutput torgue.

Motor

Motor group MCA MCA MFXMA
Type designation 19835- 19542- 100-32
Rated power 13.2 KW 5.20kW 7.50 kW
Rated torque 36.0 Nm 12.0Nm 20.3Nm
Rated speed 3510 1/min 4150 1/min 3515 1/min
Rated current 287 A 14.0A 15.9A
Field weakening factor 1.1 0.91 1.2
Utilisation with reference to the 35 % 76 % 61%
effective torque

Utilisation, maximum torque (motor, 46 % 64 % 83 %
inverter)

Short-time overload 98 % 295 % 157 %
Max. load-matching factor 13 13 18
Inverters

Inverter type E84AVTCx1534 E84AVTCx1134 E84AVTCx7524
Rated inverter power 15.0 KW 11.0kW 7.50 kW
Qutput current 32.0A 23.5A 16.5A
Max. output current 64.0 A 47.0A 33.0A
Max. thermal utilisation 49.2 % 532% 61.6%
Utilisation referenced to max. current | 43 % 76 % 2%
Brake resistor

Brake resistor type ERBS018R0O1K2 ERBS027R600W ERBS027R600W
Thermal utilisation of brake resistor 43 % 20 % 92 %

Max. utilisation of brake resistor 23 % 34 % 35 %

Ze



Exercise 14 — Hoist

Best solution

Parameter 14a_Hoist 14b_Hoist
Application

Application base process power 23.8 kW 23.8 kW
Max. application power 8.33 kW 8.33 kW
Lenze gearbox

Gearboxes g500-B2700 g500-B2700
Actual gearbox ratio 11.71 79.54
Motor

Motor group m550-P m550-P
Type designation P180/M4 P160/M4
Rated power 18.5 kW 11.0kW
Rated torque 119 Nm F1.TNm
Rated speed 1483 1/min 1478 1/min
Rated current 33.7T A 22 8A
Moment of inertia 1730 kgem?® 770 kgemr®
Field weakening factor 1.0 1.7
Utilisation with reference to the 72 % 4%
effective torque

Utilisation, maximum torque (motor, 76 % 60 %
inverter)

Short-time overload 148 % 152 %
Max. load-matching factor 0.89 0.72
Inverters

Inverter type i550-C18/400-3 1550-C15/400-3
Rated inverter power 18.5 kW 15.0 kW
Max. thermal utilisation 67.7 % 60.3 %
Utilisation referenced to max. current | 61 % 49 %

Result: Favorite is solution B with smallest drive and geared motor
s0 thanks to utilisation of field-weakening.
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Exercise 15 — Energy efficiency

-

uw | enze BlueGreen Solutions

d

:Cost |:Detailed energy costs  © Project comparison

Nn.| Project | Kaumn | Costs |Energy Perfaor
1 Project_hoist_MH132-22_V_4_5d 7434 ~ Cost
-
2 Project_hoist_MCS19J30_Rb_V_¢ B340
5,000
3 Project_hoist MCS19J30 DC_ W 3097 ’
7,000
6,000
5,000
K
Best solution o
3,000
| 2,000
Currency £ 1,000
- i)
Basic price ke = (015 | €Mk -
-
Period under conzideration t= 500 h'd -
a2 Cost comparison @ 2 2 2
O s (2 €217 lealh ToP3| | Proectro. | Kaml€ | Kal8 | Keal8 | Keld)
7 1 3 3097 4337 1] 3097
Operating days per week b=
1 2 2 940 494 1] 940
. - N
Operating weeks per year 50 = 1 7434 u o 7434
1
Hedp: ’ Compariscn report ] [ Close ]

Result: Favorite is solution no. 3 with synchronous motor and recovery
51 Of regenerative energy.

Lenze



