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1 Introduction

Positioning is one of the main applications of Drive Technologies and motion control, the
necessity of positioning in industrial applications is quite wide, there are many applications
where positioning could be applied, a process machine valve, a conveyor, the thread of a
ball-screw, a lifter, a drilling machine pattern, a driving cart through an assembly line.
Precise positioning (tenths of millimeters for CNC for example) takes into account many
other factors and are driven by Servo-controllers like the Delta ASD family servo-drives,
however C2000 can be used for a variety of positioning functions with all robustness of a
power drive for non-precise application where millimeters or less are not a problem. In this
application we are going to learn how to set a drive system with C2000 for positioning, and
how to transfer a position setpoint using Profibus-DP from a S7-Siemens PLC with TIA
PORTAL.

Encoder Profibus Card
Card — EMC-PG01 CMC-PDO1
Position 0 Position 1 Position 2
5
8
<
Reference Paosition 1 Position 2

Figure 1 — Positioning system including C2000 with Encoder Card and Profibus Card, S7 1500 and Profibus Network



2 Connecting Hardware

To be able to work with positioning, you will need to install the encoder card EMC-PGO01 and the
Profibus-DP card CMP-01. Be sure to connect the Ground (GND) of the encoder card on the

general GND, otherwise you may have encoder fault problems.

Encoder

Profibus
Master Syne ' -8

Figure 2 — C2000 with encoder card and Profibus card with no active Master in the system



3 Encoder hardware setting

Terminal description
Set by Pr.10-00-10-02, 10-16~10-18

Terminals Descriptions
Output voltage for power: +5V/+12VE5% (use FSW3 to switch
VP +HV/+12V)
Max_ output current: 200mA
DCM Common for power and signal
G Encoder input signal (Line Driver or Open Collector)
A1 /A1 B1 Open Collector input voltage: +5_~+24V (Note 1)
FBtI Z’I’ -’Zﬁ It can be 1-phase or 2-phase input.
B EMC-PGO1L: Max. input frequency: 300kHz
EMC-PGO02L: Max. input frequency: 30kHz{Note 2)
Pulse Input signal (Line Driver or Open Collector)
A2 A2 Open Collector input voltage: +5f_w+24\;’ (Note1)
PG2 BQ, fBQ, It can be 1-phase or 2-phase input.
i EMC-PGO1L: Max. input frequency: 300kHz
EMC-PGO02L: Max. input frequency: 30kHz(Note 2)
PG Card Qutput signals. It has division frequency function: 1-255
times
AO, [AD, Max_ output voltage for Line driver: 5VDC
PG OUT BO. /BO, Max_ output current: 50mA
20, [Z0, EMC-PGO1L Max. output frequency: 300kHz
SG, EMC-PG02L Max. output frequency: 30kHz
SG Is the GND of PG card. It is also the GND of position machine or
PLC to make the ouput signal to be the common pivot point.

Figure 3 - Terminal description of Encoder Card EMC-PG01U

If you are using a Delta encoder embedded in a Delta permanent magnet motor (PM), PG1 will be
enough for your configuration, just set the correct voltage to supply the encoder and connect the
basic pins of an encoder: Al, Al/, A2, A2/ Z and Z/. VP (supply) and DMC (Signal GND). You will

be able to see the green leds and the tracks flash when you spin the encoder axle.

If you are using other kinds of encoder, take further reading in C2000 manual in order to find more
about the encoder connection with open collector pull-up resistors must be added, so take a look at

chapter 3 of C2000 manual.

Naturally, setting the correct encoder for the proper application is fundamental for correct
positioning. If your application requires fast response, check encoder frequency in order to be

compatible with the sampling rate of the EMC-PGO1 card.



4 Parameters for encoder and Profibus configuration

In order to use the encoder properly and as position reference, you will need to set some

parameters in menu 10 — Speed Feedback.

v" 10 - 00: Encoder type — Select your encoder type, = 1 to regular ABZ HTL/TTL encoders, 2
to Delta encoders, 3 to Resolvers, 4 for pulse encoders, and 5 for MI8 frequency input. If you

are using a regular ABZ HTL/TTL encoder, please, make 10 — 00 = 1.

v" 10— 01: Number of pulses per revolution of the encoder, i.e. 1024, 2048 ppr.

v" 10 - 02: Encoder signal: From tracks A and B, who leads encoder to CW or CCW direction,
this is an important encoder information: Take a look at parameter 10-02 in C2000 manual to

find more about the types of encoder signal. In this application note, =1 was used.

Table 1 - Important parameters for C2000 encoder setting

10-00 Type of encoder
10-01 PPR of the encoder
10-02 Encoder type of signal

For Profibus setting, you need to go to menu 09 — Communication

In order to make possible the connection between the S7 Profibus master, some parameters must

be set:
v" 09 -70 = 3 (address of the slave)
v" 00— 20 = 8 (Set frequency from Communication card CMP-PD01)
v 00 -21 =5 (Command from Communication card CMP-PDO01)
v" 11 -40 =5 (Position command comes from Communication card CMP-PD01)
v 09 -30 =1 (60XX coding)

Table 2 - Important parameters for Profibus-DP setting

9-70 Profibus Address
00-20 Frequency Source
00-21 Operation source
11-40 Position source
09-30 60XX coding




5 Setting the motor configuration

Even though PM motors are more indicated for positioning tasks, you can use either a PM or an IM

motor in order to perform it.

For IM motors, use the following configuration taken from the Quickstart Manual:

Induction Motor (IM) for FOC+PG

Use the following steps:

. Install the drive and connect mains power and the motor.

. Set Pr00-02=9 (50Hz defaults) or 10 (60Hz defaults).

. Set Pr01-00 (Max freq), Pr01-01 (Base freq) and Pr01-02 (Base voltage) acc. to motor name plate.
. Set Pr05-01. IM Motor rated current acc. motor name plate.

. Set Pr05-02. IM Motor rated power acc. motor name plate.

. Set Pr05-03. IM Motor rated speed acc. motor name plate.

. Set Pr05-04. IM Motor #poles acc. motor name plate.
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. With rotating unloaded motor:

Set Pr05-00=1 and press RUN for dynamic auto-tuning with rotating motor.

Check Pr05-05 (IM No-load current), Pr05-06 (IM Stator resistance), Pr05-07 (IM Rotor resistance), Pr05-08
(IM Lm) and Pr05-09 (IM Lx).

With non-rotating loaded motor (to be used when motor load cannot be decoupled from the shaft):
Set Pr05-00=2 and press RUN for static auto-tuning with non-rotating motor.
Check Pr05-06 (IM Stator resistance), Pr05-07 (IM Rotor resistance), Pr05-08 (IM Lm) and Pr05-09 (IM LXx).

Enter the no-load current in Pr05-05 (IM No-load current) manually.

9. Power off and install the encoder card and connect the encoder (PG) to PG1 channel. Power on.

10. Set Pr10-00=1 (ABZ incremental encoder)

11. Set Pr10-01 acc. to the encoder ppr.

12. Set Pr10-02=1 or 2, depending on the encoder direction of rotation.

13. Set Pr00-11=3 for FOCPG mode.

14. Press to RUN the motor. If there’s a fault message PGFx, check the encoder wiring and change Pr10-
02=2.

15. Inertia tuning:

First with unloaded motor:

- Pr11-00=2

- Set speed command to 2/3 of motor rated speed acc. to Pr05-03.

- Set acc. time Pr01-12=1~1.5s and dec. time Pr01-13=1~1.5s.

- Rotate the motor FWD and REv subsequently until Pr11-01 is stable. Press RUN . Pr11-00 will be 0 again.

Then with loaded motor:
- Pr11-00=2



- Set speed command to 2/3 of motor rated speed acc. to Pr05-03.
- Set acc. time Pr01-12=1~1.5s and dec. time Pr01-13=1~1.5s.
- Rotate the motor FWD and REV subsequently until Pr11-01 is stable. Press RUN . Pr11-00 will be 0 again.

If needed, the inertia value can be entered manually in Pr11-01.
16. ASR bandwidth (ASR=Automatic Speed Regulation)
Automatic bandwidth setting:

Pr11-00=1 (or odd): Set Pr11-02 to Pr11-05.

Manual bandwidth setting:

Pr11-00=0 (or even): Set Pr11-06 to Pr11-11.

Permanent Magnet motor (PMFOC+PG)

Use the following steps:

1. Install the drive with option card EMC-PGO01U and connect mains power and the motor, in this case ECMA.
See Chapter 5 and 6. Power on.

. Set Pr00-02=9 (50Hz defaults) or 10 (60Hz defaults).

. Set Pr01-00 (Max freq), Pr01-01 (Base freq) and Pr01-02 (Base voltage) acc. to motor name plate.

. Set Pr05-33=1 to select PM motor.

. Set Pr05-34. PM Motor rated current acc. motor name plate.

. Set Pr05-35. PM Motor rated power acc. motor name plate.

. Set Pr05-36. PM Motor rated speed acc. motor name plate.

. Set Pr05-37. PM Motor #poles acc. motor name plate.

. Set Pr05-38. PM Motor inertia.

© 00 N O 00 M~ W DN

10. Set Pr05-00=5 and press RUN for dynamic auto-tuning with rotating motor.

Check Pr05-39 (PM Stator resistance), Pr05-40 (PM Ld), Pr05-41 (PM Lq) and Pr05-43 (PM Ke).
11. Set Pr10-00=2 (ABZ Delta encoder)

12. Set Pr10-01 acc. to the encoder ppr.

13. Set Pr10-02=1 or 2, depending on the encoder direction of rotation.

Set Pr05-00=4 for magnetic angle detection which is set in Pr05-42. Press RUN

In case of PGFx error, change Pr10-01.

In case the motor runs in the wrong direction, switch 2 phases in UVW to the motor.

For Delta ECMA motor Pr05-42=0° or 360° and can be set directly.

15. Set Pr00-11=4 for PM FOCPG mode.

16. Power off/on.

17. Inertia tuning with unloaded motor:

- Pr11-00=2

- Set speed command to 2/3 of motor rated speed acc. to Pr05-03.

- Set acc. time Pr01-12=1~1.5s and dec. time Pr01-13=1~1.5s.

- Rotate the motor FWD and REV subsequently until Pr11-01 is stable. Press RUN. Pr11-00 will be 0 again.

18. ASR bandwidth (ASR=Automatic Speed Regulation)

Automatic bandwidth setting:



Pr11-00=1 (or odd): Set Pr11-02 to Pr11-05.
Manual bandwidth setting:
Pr11-00=0 (or even): Set Pr11-06 to Pr11-11.

Now with the Motor tuned we can start our new configuration of the positioning.



6 Homing

Incremental encoders do not keep the track of the encoder position, every time they are powered off
and on again, they must referenced to a local 0O point in their rotary movement. The process of
finding this external reference sensor and set its position to zero is called Homing. You have to
define 3 MI to do homing, one for a PL (Positive Limit), one for NL (Negative Limit) and one for ORG

(Origin), which is the 0, the reference of the positioning.

Homing should be always monitored in any kind of machine, if the machines loses its reference
point, positioning may damage mechanical limits. The C2000 manual contains all graphs of position
x speed for homing (listed in Figure ). There are many ways of setting how homing is performed on

parameters: 00-40: Homing mode:

[z
Homing mode
+ Z pulse setting

Home limit

Note: Forward run = clockwise (CWV)
Reverse run = counterclockwise (CCW)

¥ 0: Forward run to home. Set PL forward limit as check point.
- Reverse run (CCW) to home. Set NL reverse limit (CCWL) as
check point.

- Forward run to home. Set ORG | OFF—ON as check point.
- Reverse to home. Set ORG : OFF—ON as chec|k point.
Forward run and search for Z-pulse as check point.
Forward run and search for Z-pulse as check point.
: Forward run to home. Set ORG: ON—OFF as check point.
- Reverse run to home. Set ORG : ON—OFF as check point.
. Define current position as home.
Y SetXto0 1,2 367

0: reverse run to Z pulse

1: continue forward run to Z pulse

2: lgnore Z pulse

Z When home limit is reached, set Xto 2, 3, 4. 5, 6, 7 first.
0: display error

i

1: reverse the direction

Encoder
Card — EMC-PG01

Position 0 Position 1 Position 2
— . .
Speed Reference
t ‘ (ORG)
Position P=0 Paosition 1 Paosition 2

| z puise Il 7 I} N B
CCWL/ORGP [ I I

Figure 4 - Homing position x speed diagram, Y=0, X=0 or Y=0, X=2. . The 0 is set on the previous Z track of the encoder.

The 0 is set on the previous Z track position of the encoder
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Table 3 - Important Parameters for Homing

00-40 Homing Mode
00-41 Low speed of Homing
00-42 High speed of Homing

02-01 =45 - PL Limit Switch
02-02 =44 - NL Limit Switch
02-03 =45 - ORG point

You can also enable a digital input Ml (=47) and 00-10 =3 to start the homing activity, however, we are going
to do this through a PLC command, and if your Ml is set to 47 it may not work properly. When testing homing,

do itin low speed, and once you can get it set, you can increase homing speed.

1. When Y=0, X=0or ¥=0, X=2 5. When¥=2_¥=2
Speed Speed
/ / \
Fre—. 1
\‘:- Position = Position
| :
1
Z pulse M 0 ORGF =
CCWL/ORGP —
6. WhenY=2 X=3
2. When Y=0, ¥=1or¥=), X=2 Spged
2y \ ? Paositlon
|
o Position |
B L ORGP —
H
Zpulss 00 7. When'Y=2. X=+
LA
CWL/ORGP — Speed
——
3. When Y=1, X=2 / \\
s i PosItion
/ il\_\ Z pulse Il I'I
L Position
1 1
i B. WhenY=2, X=5
]
i Speed
Zpulss " : n I-l
ORGP i—| 1\ :);} Pasition
4. When ¥=1, ¥=3
7 pulsd 1 I
Speed
0 1 * Positi
“\ r-’ Ositon
\ /i
Pl
Zpulse ﬂ I h ﬂ
ORGP —

Figure 5 - Homing modes
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7 Positioning

Besides a good tuning of the motor, and after homing is performed successfully. Positioning requires simply 4

things:

Change the drive to position mode (P2P)
Define relative or absolute positioning

Define a position command

X X X

Monitor the position command

These will be controlled via PLC, however, you should know those important parameters for positioning on
Delta C2000.

Table 4 - Important parameters for Positioning

00-10 Control Method
00-12 P2P Position mode
11-40 Source of Positioning

11-40 Source of Positioning must be set to 5 — COMM CARD if you want to receive the position from a PLC
through Profibus-DP. You can also use MI inputs to perform positioning, 11-40 = 0, and define MI inputs to

position command.

The positioning reference unit in Delta C2000 are the number of your encoder pulses, (ppr) and the number of
counts per revolution (cpr). Every turn of the motor completes the a number of counts (A.B,Z) and also pulses.
In fact, we should consider, then the number of counts per revolution, which is the number of revolutions i.e.
2500 x 4 = 10 000, so every turn of a 2500 ABZ ppr encoder will carry 10 000 counts (count of A, B tracks).

Position 0 Position 1 = half turn Position 2 =1 turn

Position Position reached
Command =10 000 5000 cpr 5000 cpr

AUy yvuy o uuy
— L ML p O ALy ap

710 N g 0 A
Ly U UL LY UL

Figure 6 - Position diagram with one 2500 ppr encoder, 2500 x 4 = 10 000 counts, 1 turn.
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When using a PLC, like in this application note, this is the command you will have to send through the
Profibus PZD address memory. You can also use a fast frequency input for the positioning such as MI8 and
static commands for fixed positions, however those will not be covered in this application note. The pulses

sent to the position command will always rely on the number of your encoder pulses.

If you have 1024 encoder, that will 1024 x 4 = 4096 will be your value for 1 turn, and naturally you should
multiply this number for the number of turns you need the positioning command to follow. This way you can
set position number based on the encoder pulses, which may give you a very precise way to place the rotor

position.

13



8 Setting the Profibus-DP Hardware configuration

Open TIA PORTAL, open a new project, recognize CPU and general hardware topology and insert

Delta C2000 .gsd file into the hardware configuration.

T4 Siemens

D:UsersimdortiDocuments\Automation\DeltaC2000_S71500_PROFIBUS\DeltaC2000_571500_PROFIBUS

Project Edit View Insert Online Options Tools

Vindow  Help

Totally Integrated Automation

G Bl svepopr @ X = X e 5 M B RV Goonine Fooohiine oI x| PORTAL
DeltaC2000_$71500_PROFIBUS » Devices & networks
|| Devices & Topology view [ Networkview [IY Device view || Options =
= 7 =1F]
- ¥ tewsaork| L Connections |7 = Ema Qs = 3|z
. 0 Master system: PLC_1.1 m |~ ~ | Catalog %
= [ DeliaC2000.571500_PAOFIBUS ] = ererperes iy ]| &
I #dd new device . g
& Devices & nevworks S slave 1 @ sier H
T CPU 1516-3 PNL. C20000RVES g » [ Contollers =
N Dvica cerimcionn LIRS » G ||
%/ Online & disgnostics = B PLC_1. m 1 + [ PCsystems ]
» g Program blecks ! EEEE— » [ Drives & starters ol
L 1PLel ystem (1) » [ Network components S
+ [ Technelogy objects ] 2 E
¥ L) Extemnal source fles + [ Detecting & Monitaring 3
» [@ PLCtags = » [ Distributed 1i0 2
» [ PLC data npes » [ Field devices L)
+ [ Woich and force tables [l Other field devices ;
» :;, Online backups. = :: ::2::5?; §
s <fm [5] [100% ¥ ——— & Bl 2
ragram info e = z
evice proxy deta | d Properties  ["info | ¥ Diagnostics | [ Deta Electronics
LC alarms Genaral | ~mmr
et lists B = [ Delta VFD Drives E‘
» [ Local medules _a: 000 DRIVES ]
» [ Distibuted o ] . fos avatlable: . Weoon 2
\ i 3 No ‘properties’ available. T Bl A
il . No ‘properties’ can be shown at the moment. There is either no object selected or the selected » [ Encoders —
[ Detaits view abject does not have any displsyeble praperties -
» [ Gateways
» [ Generel
» [ dentsystems
» [ pLes

4 Portal view

Figure 7 - Initial configuration of Hardware Setup with C2000

Double click on device configuration C2000 -> Device view -> Double click on Delta C2000 icon to open
general hardware properties. Set the proper registers in decimal for control word, mode selection and

positioning double word.

.. 6-3 PN/DP] » Distributed WO » DP-Mastersystem (1): PROFIBUS_1 » Slave_1 - X
[&F Topology view | Metwork view |IY Device view |
! J
= Device overview
Al
I | W - Module Rack  slot | sddress
E0-pes = =1 Slave_1 o 0
4 PKW, & PZD_2_1 0 1 0.7
{ SPKW, 4 PID_2.2 Hagdware, PPO 5 15
oF] =
e Bl K40 » T (T L 3] (J m >
E-
[ & Properties  |"Linfo | %l Diagnostics |
| General ;- 10 tags E System constants i Texts |
' -
b General Data Output 1{CMCFDOT == <
e add s VFD): | 24576 } Controlword|
; General OP parameters Dats Output2: | 24577 ]‘ Control mode
= B )
ce-specific parameters Data Qutput 3: | 24580 =
Hex parameter ass - : Position: |
Ament Data Output4: | 24581
Watchdeg Doubleward
SYNCIEREETE Data Qutput5: |0 |
Hardware identifier Dats Output & |0
Data Output 7: |0
I
W Data Output 8 |0
5 Data Qutput9: |0
b
Dats Output 10¢ |0
Data Input 1(VFD = CMEFDOT): | 24836 Cur!'e-nt
Data Input2: | 24837 Position
Double word
Data Input3: | O |
Data Input4: | O
Plase tmmos B L]

Figure 8 - Device general parameters — Positioning (Data sent TO / FROM THE drive)
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<[] (3] [100% ] ——9—

|_€3.Properties ||"_i.!.lnfo ||L|Diagnostic5 |

J General || 10 tags || System constants || Texts |
b General ] Dsta Input 8: |0 [~
PROFIBUS address Data Input 9: |IZ|

General DP parameters

Device-specific parameters
dout_len: |4

Hex parameter assignment
Watchdog

SYMC/FREEZE

Hardware identifier

|
|
Data Input 10: |IZI |
|
|

din_len: |4

LossDPComTreat: | Stop accord to Pr5STOP METHOD

T =30 T O

LossSPComTreat: | Stop DataExchange & ReportFa u|t|_§_

Figure 9 - Be sure to set dout_len and din_len to 4. According to the PZD PPO set

i : : T = lotally Integrated Au
E r;?r;ﬁ‘Goonline ‘l;ﬁq Go offline - a"b? [E [E _X' :I _u
../6-3 PN/DP] » Distributed IfO » DP-Mastersystem (1): PROFIBUS_1 » Slave_1 -0 EX
|5'F Topology view ||5Eh Network view |||]T Device view | Options
fing " H J Device overview |
I% fg’ - |Module Rack Slot | address ) | Catalog
= Slave_1 0 0 |c5earch>
6,\ 4 PKW, 4 FZD_2_1 o 1 0.7 - @ Filter
™ =
‘}‘,5& 4 PEW, 4 PZD_2 2 o 2 B:=15 = [. FD-01
|- [l universal module
m Il 4 Fw, 2 FZD (FFO 1)
= [l 4 Fkw, 6 FZD (FFO 2)
A Il o P, 2 PZD (PFO 3)
Il o Prw, 6 PZD (PFO 4)
v
[<[u>] —5— @  [<] i | E
|§ Properties ||"_i.’.Inf0 || A Diagnostics |
] | =

Figure 10 - Set the PPO on the Device view, double click on 4 PKW_4 PZD

Table 5 - Addresses of the registers for positioning and function

Dec hex Description
24576 6000 Control word
24577 6001 P2P Mode

24580 6004 Position command word 1
24581 6005 Position command word 2

24836 6104 Actual position word 1
24837 6105 Actual position word 2
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9 Programming the blocks and OB1

Now it is time to finally send a position command from the CPU to Delta C2000 through Profibus,

set a new tag table with the following tags.

D T 0

Tag table_1
Mame Data type Address R

4 1WORD_SND | word ()] %o (=]
11| 2ZWORD_SMD Word Wh22
T ZDWORD_SND DWord WMD24
T 4WORD_SMD Word WhZE
-l TDWORD_RCW DWord F=MD40
T | IWORD_RCY Word Yahiid 4
T | 4WORD_RCY Word Hhi4 6
| Error_SHD Ward AN TTa]
| Error_RCV Ward WIS 2

o <1 TWORD_IMPUT Word N0
T | 2ZWORD_INFUT Word Sehiive2

2 T SDWORD_INFUT D¥iord =MD B4

3 &1 | SMDIRCY_DATA_OMNIOFF Bool M7 0.0

- <Add new>

Figure 11 - Tags for positioning with C2000

HF i = — £

- Network 1:

Comment

700
*SNDIRCY_
DATA_OMIOFF DPWR_DAT
= EN ENO
TAWSE0
2y RET WAL “Error_SND"
"Slave_1~d_ - e
PlW__4

PERE2 2 LADDR
PEMZO0BYTE 8 RECORD

DPRD_DAT
EM END ——

WS 2
RET WAL “Error_RCW"
RECORD P#M40.0 BYTE B

LADDR

Figure 12 - Set DPWR_DAT and DPRD_DAT instructions like in the picture, find them in

Extended Communications -> Distributed 10 -> Others
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Network 2:

o

MOVE
EM —
YaWe 0 FRWZ0
"{WORD_INPUT — | % QUT] — “TWORD_SND"
Metwork 3:
MOVE
EM —
YW 2 W2 2

"2WORD_IMPUT IN 4 OUTI "2WORD_SMD"

Figure 13 - Insert Network 2 and Network 3

Metwork 4:

MOVE

WADE4A WAD24
*3DWORD_INPUT — py % guUT1 — "3DWORD_SND"

MNetwork 5:
NV
DWard
EN —
%DA0 WDB6
"1 DWORD_RCV" — | ouT — "Tag_2"

Figure 14 - Insert Network 4 and 5
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10 Testing positioning with a Watch Table

Go to PLC tags again and copy the tag_list (Ctrl +C), open a new watch table and paste it there
(Ctrl+V), this way you will be able to monitor all the words which go to Delta C2000 and the data

which comes from it.

..IDEQ_pos » PLC 1 [CPU 1516-3 PN/DP] » Watch and force tables » Watch table_1 - EX

i MName Address Display format Monitor value Modify value

1 “tworD_snD"  [E] wnmizo Hex [=]
2 "2WORD_SMD" Tl 2 Hex
3 "3DWORD_SMD® SehD24 Hex
4 "1DWORD_RCW" SahD40 Hex
5 Jehiid0 Hex
G Sehiid 1 Hex
7 TEhihid 2 Hex
8 %ehihid 2 Hex
£ "3IWORD_RCW” Sahiiid4 DEC
10 "4WORD_RCV” M6 DEC

1 “Error_SHD" hNS0 Hex
12 "Erraor_RCV" kWS 2 Hex
13 “1WORD_INFUT FhANE0 Hex 16#0081
T4 "2WORD_INFUT FWhiE2 Hex 16%0003
15 *3DWORD_INFUT ThiD a4 Hex 16%#5EDF_FFF8
16 "SNDIRCV _DATA O... “%M70.0 Bool
17 "4WORD_SMD" FhM26 Hex

Figure 15 - Watch table to be monitored, you can modify and read values from the words here

Homing via Profibus-DP

Insert in the 1WORD_INPUT, in hex the number 16#0080 (Control word), and then on
2WORD_INPUT 16#0003 (Homing mode), then set IWORD_INPUT to 16#0081. Click on the
thunder to modify values every time you change a value on the control word. Then the motor will
start spinning searching for the ORG point, reference. When it obtains a high level in the digital input
assigned on parameter 02-03 = 45 (ex. MI3) here, and them a low level. It will follow the homing
mode 00-40, and then set the position as a zero, you will be able to see the position setting 00-04 =
21 or on the first double word received 1DWORD_RCYV tag, above mentioned.
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Positioning via Profibus-DP (Absolute)

Insert in the 1WORD_INPUT, in hex the number 16#0084 (Control word), and then on
2WORD_INPUT 16#0001 (P2P mode), now you need to ser the 3DWORD_INPUT, which is the
position command. Insert the position as explained below and then modify the value (thunder),
then set IWORD_INPUT to 16#0085.

Positioning via Profibus-DP (Relative)

Insert in the 1WORD_INPUT, in hex the number 16#0080 (Control word), and then on
2WORD_INPUT 16#0001 (P2P mode), now you need to set the 3DWORD_INPUT, which is the
position command as explained below, modify the value (thunder) and then set IWORD_INPUT to
16#0081.

Example 1

In this example the encoder is 2500 pulses per revolution, so 2500 x 4 = 10 000, each 10 000
counts the rotor will have completed 1 turn. So we must get 10 000 in decimal and convert it to
hexadecimal, which =2710_0000 hex. Remember we are using a double word for this, 2 bytes. So
we should send on the 3AWORD_INPUT = 2710 _0000 hex.

Siemens PLCs use Motorola Architecture and they will invert the bytes when you send them via
Profibus-DP from a S7 Siemens PLC. So, the PLC will really send to Delta C2000, the value of

0000_2710 hex, which will make the rotor advance 10 000 counts, or 1 turn.

CAUTION: If you send 0000_2710 hex from a S7 PLC will it send to C2000 2710_0000 hex and
that is quite a high value of counts and it will rotate forever for this value in decimal is equal
to 655360000.

Normal byte transmission (hex)

byte 1 byte 2

0000 2710
Siemens Motorola byte transmission

(hex)

byte 2 byte 1

2710 0000

Example 2

In this example, with the same encoder we want to make more turns, example, 30 turns, if the every
10 000 counts we get one turn, we will need 300 000 counts for 30 turns, so let's get 300 000 in
decimal and convert it into hexadecimal, which is equal to 493E0 hex. Now we have a 5 digit value
in hex, but the convention is the same, we will have to separate them in the double word and
change the order of the bytes, so we will send 300 000 counts, on 3DWORD _INPUT = 93EQ_0004

hex.
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Table 6 - Correct byte order for Siemens controllers

Normal byte transmission (hex) —
WRONG for S7

byte 1 byte 2
493E 0000

Siemens Motorola byte transmission (hex)

+.._COMM_S71500_VIDEO_pos » PLC 1 [CPU 1516-3 PN/DP] » Watch and force tables » Watch table_1

byte 2 byte 1
93E0 0004

U - R - CHE < R e R ]

| i T Fa]
FSRLUTRE ST - ]

15

16 ).

17

18

[<]

# Wk 2% 8%

Address Display format  Monitor value Modify value b
%MW20 Hex 1620000 =
w2 Hex 1620001 Actual position
%MD24 Hex 16293E0_0004 — o
%MDGO Hex 16893B2_0004 -
SBhMARD Hex 1689382
LML Hex 16£6200
LAME2 Hex 1650004
B3 Hex 1620400
HhL bEC [+ [ =
L DEC 4
LSO Hex 1620000
BIWS2 Hex 1620000 =
ERWED Hex 1620000 1680085 I~
R ety TR ST Position command (=
%MD64 Hex 16293E0_0004 16803E0_0004 — ~
%M70.0 Bool TRUE e B
Siio R e Do not forget to
T e turn ON comm. in =

[ . OBl withthistag. Iz
Figure 16 - Position command and Actual position
ik F e =AEEB: @:EHR CGaad s fEH
Main
| Name | Data type | Defaultvalue | Comment
1 4@~ Input
Ronl =l Initial rall nf thic (R

3 &n . nitial Call
(<]

4 A4 —0— i = 2

“SHDRCY ON
OFF(1)"

— el

DPWR_DAT
EN Eno p——m——————
263 1650000
“Slave_1-4_ w0
KW 4 RET_VAL — "Error_SND
FID_2 2 i ApDR
P#M20.0 BYTE 8 —RECORD
DPRD_DAT
EN ENO f——
263 1650000
“Slave_1-4. EMWS2
PIW__4_ RET_VAL — "Error_RCV*
FZD_2_2" —| | apDR RECORD— F#M40.0 BYTE 8

Figure 17 - Monitor with the glasses and enable communication
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Sending a signed position (-)

Once you have performed the homing task and the positioning task. You might want to set a

negative position. This is possible, to send a position with negative (-). You will have to convert the
number in hexadecimal of 3SWORD _INPUT to negative (bit by bit) and then use it as a position
command. S7 1500 has a block for that, it is called NEG.

|| UELIA_CUMM_S /1500_VIDEU_pos

ﬁ Add new device
d‘! Devices & networks
= (i PLC_1 [CPU 1516-3 PN/DP]
!‘f Device configuration
ﬁ Online & diagnostics
= [ Frogram blocks
ﬁ}' Add new block

HF ik —— 7 — 2

“TUWORU_RCY — N ouT—"lag_s

2 Main [OB1]

» ’—5‘. System blocks

3 Eai Technology objects

} External source files

v [ PLCtags

v (@ PLC data types

= [ watch and force tables
i"" Add new watch table
Eét Force table

¥  Network6:
Comment
NEG
Dint.
EN — ENO
[+ 16%6C20_FFFB 16#93DF_0005
D64 WDss
*SDWORDLINFUT —{iy_ ouri— TR

Figure 18 - Invert block to make position command in hex negative

G M EER ¥ coonine ¥ Gooffiine o A x | ||
ER bk o =A@ @@ eaad 5 &FH
M- )
""""" A A —0— 7 o 2
T This is the negative position in hex,
Comment But you will have to change the order
= e Of the bytes to send them.
1 2 Rt J C
EM —— ENO
L 16£0004_93E0 164FFFE_BC20
WAD64 D100
*3DWORD_INFUT — |y ouTP—"Teg_4"
e e .
. - Insert the position in hex, inthe
... correctorderonthe watchtable
- And press “thunder”
‘ | SWAP l
DWord
L [100% o

Figure 19 - Converting a position to negative using NEG block
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Thunder

..JO_VIDEO_pos » PLC_1 [CPU 1516-3 PN/DP] » Watch and force tables » Watch table_1

0 SN Oy =W N

N =]

w N

e # A
Name
*1WORD_SND"
"2WORD_SND"
“3DWORD_SND"
*1DWORD_RCV"
*3WORD_RCV"
"4WORD_RCV"
*Error_SND"
“Error_RCV*
"1WORD_INPUT"
“2WORD_INPUT

*3DWORD_INPUT"
*SND/RCV_DATA_O...

oo OCh
- 1

Address
%MW20
S22
%MD24
%MD40
w44
SMVA6

)| %MWS0

%MWS2
BMVE0
Fh62
%MD64
%M70.0

Display ... Monitor value Medify value

Hex
Hex
Hex
Hex
Hex
Hex
Hex
Hex
Hex
Hex
Hex
Bool

84 to set, thunder, 85 thunder to go.

| /

A

1650084
1650001
165 6C20_FFFB

\

Negative position, in Siemens bytes
way of sending.

Figure 20 - Inserting a negative position command

Figure 21 - Negative position command
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11 Fine tuning for positioning

I'F mode curmrent Pri0=39
command ==
MO P [ |
P
: H d .
Prio-41 | '-n_.! |d command A b:? \a 'ur:.\-'r:h |G§T —
Field weak trol i p| cument "] abe |
i weFaHeCi: 3nﬁl,;u:r::ﬁ ol ! E | cequiaior abe PWIM
Prid-28 oot
Speedcommand I
i com mand
Speed g-axis
Estimatedspeed regulator current -
Tequizion fi_est | Observer [ lalblc
Pr11=00-Pr11=08 Prig-az [
-
Igfeedback
abc
ldfeedback | 10
dq
LPF
Pri0=-234

Figure 22 - PM FOC Sensorless control diagram

Table 7 - Advanced parameters for Fine Tuning

10-31 I/F 1d level Increases the magnetization current level
10-42 Rot Pos Det PLS Detection time for position of the rotor
11-44 APR ACC TIME Acceleration time of the Position Regulator
11-45 APR DEC TIME Deceleration time of the Position Regulator
10-52 INJ MAGNETUDE Magnitude of Injection Current

11-03 Low SPD ASR BW Low speed Bandwidth of the Speed regulator
11-04 High SPD ASR BW High speed Bandwidth of the Speed regulator
11-05 Zero Speed ASR BW Zero Speed Bandwidth of the Speed Regulator

The tutorial is complete, but you might need some fine tuning depending on your application

requirements. The following diagram shows you how to proceed with the tuning.
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® Pri0-11=T |PM Sensorless

Flow chart of adjustment when starting up with light duty
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Figure 23 - Fine tuning according to C2000 manual
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