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THIS INFORMATION PROVIDED BY AUTOMATIONDIRECT.COM TECHNICAL SUPPORT IS
SUPPLIED "AS IS", WITHOUT ANY GUARANTEE OF ANY KIND. These documents are provided by
our technical support department to assist others. We do not guarantee that the data is suitable for
your particular application, nor do we assume any responsibility for them in your application.

PRODUCT FAMILY: SureServo Number: AN-SERV-009

Subject: Sureservo with CLICK PLC Date issued: May-20-2009
Revision: First Edition

This is a similar example as the application note AN-SERV-007 but with a Click PLC.

This simple example demonstrates how to use a Sureservo to control a linear
movement. It is shown how to program a Click PLC, the servo drive and operator
interface. The machine is shown in the simple diagram below:
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This is a device that moves horizontally a 1000 Ib tool car, with the help of a chain
and sprockets, through a maximum distance of 830 mm from the Home position, at
a desired distance entered by an operator. This could be for example, a device
similar to a garage door opener but could also be a picking machine or an X-Y table
where only the X axis is shown.

The mechanical department has defined that the sprocket is a 26 teeth, ANSI 40
sprocket and the maximum speed of motion is 1.0 m/second. The acceleration and
deceleration time is 0.6 s. The load is 1000 |b and the friction on the wheels has a
coefficient of about 0.1.

Typically the operator will set the information of the target position on the operator
interface, and he will need to move it in the range of 0 to 830 mm from the Home
position, with the best precision possible (Considering that the chain does not have
stretching).

At the start of the job, when the servo system is enabled, the machine shall go to
the Home position, located at 100 mm from the driving sprocket; the Home is
determined by a proximity sensor. There are also overtravel limit switches.

We have selected to use a PLC C0O-05DD1-D and an operator interface EA7-T10C
allowing the operator to control the target position of the tool.
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See mechanical considerations on the application note AN-SERV-007. From there it
can be seen that the motor to be used is one of 1T kW.

Use of MODBUS with Sureservo

A characteristic of the Sureservo drive is the possibility of linking the registers of the
servo as slave to a PLC as a master using MODBUS RTU.

What happens if we desire to change the desired position by a distance selected by
an operator?

The desired displacement can be set though an operator interface by selecting one
of the eight positions in the preset target positions. Or can be set in the memory of
the PLC by MODBUS and the operator interface will just write the desired
displacement amount.

The Click PLC can use port 2 with up to 115.2 kBaud. Software allows the
programming of instructions SEND and RECEIVE in a very simple way.

The writing of the target positions is one of many possibilities; it has, of course, the
possibility to read the status, the current position, the current torque, the speed as a
number (and not only through one analog signal). With these data we can change
other parameters such as the acceleration and deceleration, the torque and speed
limits, etc.

A group of status registers (P0-04 to P0-08) are available in the Sureservo drive as
well as a group of block data transfer registers (P0-09 to PO-16).

These consecutive register blocks can be used to group miscellaneous drive
parameters together allowing you to read and write the desired parameters in one
communication block instead of having to use a read or write instruction for each
parameter. These are used extensively in this application note.

You can easily create a control system with servo using a serial MODBUS network.
Let us see in the next pages one way to implement this control project.

Control concept

In this example we will need to run the motor with a target position, given by the
operator, directly in mm, entered in the operator interface. This value should be
scaled to transform the desired linear distance into revolutions and fractions of a
revolution on the servo shaft.

The operator would see where the tool is located at any given time.

The acceleration, maximum speed and deceleration are fix values.

The home search is done by an operator command from the C-more panel.
The brake is released when the servo is enabled.

The motion in this case is ideally suited to be absolute motion with internal registers.
This will define the parameter P1-01 as 1 or 101 and parameter P1-33 as 0.
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Steps for the execution of the control

This is the sequence of operations that shall be followed in this example to get the
system up and running:

- Define the control hardware to be used

- Select and set the communication parameters.

- Read the status of the servo though MODBUS, using the RECEIVE instruction.
- Measure the communication speed in transactions per second.
- Be sure that the servo is set to write data in RAM memory only.
- Make the details of the block transfer parameters.

- Define the values of parameter group PO.

- Define the value of P3-08.

- Define the main parameters in the servo.

- Define the factor of revolutions versus displacement.

- Some C-more programming concepts defined

- Define the digital inputs to be used for commanding the servo.

- Operator would order the system to search for the home position. When the
Home is found and the servo is stopped, the current count shall be “zeroed”.

- Reading the servo status from PLC.

- Operator shall write the desired target position and send to the PLC.

- Create the scaling of the displacement versus rotation of thre servo shaft.
- Test the program together with the servo.

- Add the revolutions and counts of displacement and scale it to show the current
displacement.

- Read servo output data (To be used the status data in P4-09 to create logic for the
operation)

- Test the program and correct any errors.

- Prepare documentation to describe to the operator what it is necessary to operate

the machine. Create operating instructions on the C-more panel as screen text
data on the Operator panel, accessible from the main page.
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Harware design: One possibility is to link the PLC to the servo and operator
interface with cables as shown in the following figure, using RS-232 with the cable
SVC-232RJ12-CBL-2. The power supply shown here could be, for example, PS24-
075D or it could be the one from the Click family, the part CO-0TAC.

Connect the servo to the PLC on port 2, wire the inputs and outputs to the Ziplink
module and use port 1 of the PLC for programming it.
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Select and set the communication parameters:

Set P3-00 parameter to the desired slave address. In this case we will use the value
2, that is, servo drive slave 2.

Then set a value 3 in P3-01, that defines the transmission rate as 38400 kbps (Kilo
bits per second). This value also must be set in the configuration of PLC port 2. P3-
02 defines the protocol and the configuration of the same port. In this case, let us
select 8. Finally, we set the P3-05 value for RS-232 with a value of 0. This servo
configuration is done with the keypad of the servo drive. Notice that the PLC can
communicate at a higher baud rate of 115.2 kbps.

The communication parameters in the

. . = CLICK Programming Software - primer proyecto.ckp - [Mai
PLC are Conﬁgu red Wlth the CLICK C'j File Edit ‘iew PSS Program  Instruckion PLC  Monitor  Windo

programming software and we show here | = 4 system configuration...
the values, in the figure below. To get to e &

this dialog box you have to click on the — Wavgaton <[ Z070%
menu SETUP and then select COMM o< * Password Setup...

Com Port Setup...

Chrl+shift+P

PORT SETUP. Then select the SETUP | =7 gy |  memmsew. /
| 1 LIHE-1n 1= (W

bUtton' %ﬁ] Software Setup,

See more details on the port 2 set up in §’;‘

the CLICK user manual. Then we must @L:

connect the PLC with the servo drive.

Com Port Setup Details
Park: “ | Prokocal;

Basic Configuration Wiring Dekails

Node &ddress (1-2470 | 1 -y
Port2 RS-232C (Mon isolation)
Baud Rate (bps): | 33400 b
v | 0dd " & pin Female modular.
Pariky: (R112 phone jack)
Stop Bik: |1 b
! Advanced Configuration
Time-out Setting: | 500 ms b
Character Time-out (2-1000ms): 2 :
RTS OM Delay (0-5000ms): | J 2
RTS OFF Delay (0-5000ms): O -
Response Delay Time {0-5000ms): | O :
[ (0] 4 ] [ Zancel ] [ Help
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First, set a value of 10 in the P2-08 parameter with the keyboard to configure all the
values of the servo as default values.

It may appear errors ALE14, ALE15 and ALE13 on the servo drive display, and this
would be normal if not wired properly. You may need to wire the overtravel limit
switches to get rid of the alarms or simply disable the inputs, for now.

The fault ALET4 in the servo display indicates that the overtravel limit switch is
activated, and this is true, since of P2-15 default (that corresponds to the DI6 input
function) it set as 22, P2-16 (that corresponds to the DI7 input function) is set as 23
and P2-17 (that corresponds to the DI8 input function) is set as 21.

In order to clear the faults press the “arrows up and down” keys on the keypad
simultaneously clearing any error that may be there, or it is also possible to power
cycle the servo drive to get the same function.

Next, be sure that the value of the motor code is set in the P1-32 parameter.

Read status from servo on the PLC

Set up the PLC according to the code in next page. This is a simple RECEIVE
instruction that will be executing as often as possible.

Connect the port 2 of the PLC to the servo, as shown previously.

When the servo brake is released by applying 24 VDC to the coil of the servo brake
(Yellow and orange wires on the power cable) and the axis of the motor turns freely,
the data that is contained in the memories PO-00 up to P0O-08 can be seen changing.

We will attempt to read data from the servo with MODBUS RTU.
These memories have addresses 40001 up to 40009, as it is in the table below. Note

Parameter | Value | MODBUS address PLC Description that th.e CLick .P.L .
memory addressing has 6 digits.
P0O-00 2105 40001 DS1 Software version The parameters P0-04
P0-01 14 40002 DS2 Fault code to P0-08 should be
P0-02 0 40003 DS3 Display code changed to be able to
P0-03 1 40004 DS4 Analog monitor |read data that makes
P0O-04 0 40005 DS5 Status monitor 1 |sense.
PO-05 0 40006 DS6 Status monitor 2 | The adjacent second
PO-06 0 40007 DS7 Status monitor 3 tahle shows what is to
P0-07 0 40008 DS8 Status monitor4 |he set on  each
P0-08 0 40009 DS9 Status monitor 5 parameter with the
Parameter| Value N:igDBUS PLC Description help of the keypad.
address memory . In order to be able to
P0-00 2.105 40001 DS1 Software version read the data from the
PO-01 14 40002 DS2 Fault code servo drive and  to
P0-02 0 40003 DS3 Drive Status .
PO-03 |1 40004 DSt |Analogmonitor |VErify  that the
P0-04 1 40005 DS5 Current revolutions connections are
PO-05 |0 40006 DS6 | Current counts | COrect, we suggest to
PO-06 |6 40007 DS7 | Current rpm run  the  program
P0-07 |11 40008 DS8 | Current % torque | Shown in the following
PO-08 |13 40009 DS9 | DC Bus voltage |diagram:
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Ladder code for Reading data from Servo

A

B

c
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This is the explanation of the operation:

On the first scan, the RECEIVE instruction is executed. Data in memory 40001 thru
40008 are read and the content is copied from DS1 to DS8.

C1 is a bit in the PLC that turns ON when there is communication. It is called
"Receiving" and indicates when the PLC is transmitting data through the
communication in port 2, and turns OFF when the data transmission is completed.

Let us say that the PLC scan takes 2 ms; when beginning the transmission the
contact C1 closes indicating that the rung is true to allow the transmission be
executed. When establishing the transmission, C1 turns ON; when the transaction
completes, C1 is OFF again and C2 is turned ON; then another transaction begins
and thus it follows continuously.

Typically the transmission takes more than the PLC scan time. In this case it is
approximately 20 ms. We will see later how to measure this value.

Also, the functions in PO-04 to PO-08 parameters allows to monitor what it is desired

aporator panel, e e
] Data View -[DataView1]

operator panel.
When the parameter changes have

Edit ‘ Fill Down ‘ ‘
been done, you can move the shaft
Of the servomotor If the brake is Mo, |Address |Nickname Current Yalue |'u'ieu
released and it will be possible to (00t j1ipst version 2105 Inke
observe with Data View that the DS6 1222 LDz Fault cods p Inte
memory shows the same number as = b=3 rive stafus d o
K Y 004 D54 Analog monitor o Inike
the display on the servo when the 5= TTloss Current reve " Ints
shaft of the motor moves. See the oos [T]oss Current counks 9078 Inks
figure below. showing the Data View |07 |1jps? Current RPH 0 Inks
information, with nicknames. oo3 L1DbsE Current torque 0 Ine
. . 009 [Eo DC bus voltage 313 Irike
This allows checking that the [
communication has been
established. [ Export [
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Measuring transactions per second
How can we measure the PLC scan time and how many transactions are happening

per Second? tware - primer proyecto.ckp - [Main Program]

Scan time' rogram  Instruction FZESS Monitor  Window  Help
AL RRRI1LEA 1}
Connect...

Using the menu PLC>Online Project Information, |_ﬁ a el
as in the adjacent figure, to monitor the scan time.”™ 5~ [ ReadpatafremeLc.

‘Write Data into PLC..,

T = Read Project from PLE..,  Chr4F9
Online Project Information A Witike: Project into PLC. . shift+F9
- M| Onling Project Information,..
Project Mame:  Sprocket click PLC Status: m PLC Modes... Chrl4Shift+R
CPU Type: CO-004R-D Firrnware Yer: Yerl,00 )
Error Hiskory,..
Program Size (Total: 8,000 steps) Error Details: Clear Memory. ..
EProgram Size: 189steps { 2.36 %) Update Firmware, ..
EFree Area: 7,811 steps { 97.64 %)
] At this time you should have
& 5,000 e about 2 ms current scan time.
Current: |3 D10 X .

Praject File (Total: 256,000 bytes) Hrrenk] ms ([ll010) See at the left flgure the dlalog
ElFraject File Size 6,612bytes{  2.58%) Mirirmurm: |3 ms (lI‘SDll) b h t . . d t d th
WFree Area: 249,356 bytes (| 97.42%) Maximum: |6 ms (|I|5D12) Ox where It IS IndiCate e

scan time.

Transactions per second:

As we know, when a communication transaction begins, C1 will turn ON, and then we
can count how many times this contact closes in 1 second, for example with a simple
counter. Remember that a counter counts whenever there is a transition of the input from
OFF to ON. See the diagram of the figure below with the corresponding ladder code
and the explanations in each line.

1 S[écs_gmk Copy Single The edge contact SC7 closes
1 4| Src B CTD1 one scan every second; the
copy instruction copies the
bes - cusrr1eor:)t1value of the count into
D
o T Every time C1 closes, the
"’fcﬂ ECT count increases by one. The
: 1l T R Mass2 Complete current count of CT1is
loaded into CTD1.
Current B CTot The count is reset every
_1sec_Clock
[El ?‘ ?? second.
[N Reset
_ Here the REecEVE instruction
Receive (Port:2) MODBUS d 9 d £
Slave ID 2 B 1 reads woras rom
Modbus Function Code DS?O addresses 40001 to 40009 in
3 —Slave Addr 400001 [Feeeiving
NO. of Master Addresses g Hes the servo and transfer the
\Word Swap OFF_O data into DS1 to DS9.
Master most pueeess C1 turns ON  while
[E:C3 transmitting data and OFF
Brmor when stopped.
M D52001]
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You can read DS1001 in Data View and can see that

the result is about 50 counts every second. Since
there are 1000 milliseconds in a second, 1000/50 Edit | Fil Down ‘
ms is approximately 20 ms. See the adjacent figure.

Mo, [Address |Nickname |Current Walue |V

This it is a good method to determine the %mggi wersian 2105 i'
. . r
transmission speed. oos_ [1]pss 0 I

o4 |1

When already proven the comm link between the o [Moss

1]
i |
PLC and the servo, we should look at what | [oss [Hoss  counts = I
n
1]
1]

algorithms to do in the PLC to be able to give the | =1t :Peec' ‘ .
orque T

. 005

servo the proper values on the different parameters. | fos [Hoss  pCvokage 311 o
Remember that we are still in the stage of creation | |ow |
of the program on the master PLC. Also it is otz fTlosioor = S

necessary to define what data and how much data will be written to the servo drive.

Data should be written in such a way to avoid that SEND and RECEIVE instructions
execute at the same time. For that purpose we should do an interlock between the
reading and the writing. Note that only one transaction per time is possible. The PLC
will be reading or writing only once at the time, in sequence.

Defining the block transfer parameters
Let us go now to the detail of block transfer registers.
Block transfer parameters PO-09 to PO-16 are “configurable”, that is, the parameters
can be changed to read or write any desired address in the servo drive. Parameters
P0-09 to PO-16 may be changed to our convenience or left as they are.

For reasons to be described later, let us define P0O-09 to PO-13 as follows:
MODBUS |PLC
address memory
PO-09 21E | As par. P2-30 40010 DS10 | Default is P4-07- Input status

PO-10 409 |As par. P4-09 40011 DS11 | Default is P1-09 -Velocity command 1
PO-11 10F | As par. P1-15 40012 DS32 | Default is P1-15 -Target 1 revolutions
PO-12 110 |As par. P1-16 40012 DS33 | Default is P1-16 -Target 1 counts
PO-13 407 |As par. P4-07 40013 DS34 | Default is P2-36 -Target 1 velocity

Parameter | Value| Function Description

In this case, we will be using some of the parameters for other functions explained
after this section. In this example it is convenient to define P0-09 as P2-30, PO-10
as P4-09, PO-11 as P1-15, PO-12 as P1-16 and PO-13 as P4-07. The rest can
continue to be the default value.

Notice that the values there are to be written only by the keypad and this is not
reported by the report that Sureservo PRO software generates.

However, when the values are written there and the servo drive is power cycled, the
setting is retained in EEPROM memory.
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The final servo setting is shown in the parameter table at the end of the document.

Note that, as an option to reduce the transactions per second figure, we can
eliminate parameters PO-00 to PO-03 on the reading. We can also decide to read up
to PO-13, thus transferring less than 18 words.

We will change the Receve instruction to read from P0-04 to PO-10, for now,
according to the following table, for convenience in the programming, for reasons
to be seen later in this document.

Parameter | Value| Function ::Erlzfsus rI;LeCmory Description

P0O-04 1 Current revolutions| 40005 DS5 | Current revolutions

PO-05 0 Current counts 40006 DS6 | Current counts

PO-06 6 Current rpm 40007 DS7 | Current rpm

P0-07 11 Current % torque 40008 DS8 | Current % torque

P0-08 13 | DC Bus voltage 40009 DS9 | DC Bus voltage

P0-09 21E | As par. P2-30 40010 | DS10 |Used as 5 to avoid writing EEPROM
PO-10 409 |As par. P4-09 40011 DS11 | To read output data thru MODBUS

Explanation on the setting of block transfer parameter P0-09

It is necessary to consider the following: The servo drive has two types of memory:
RAM and EEPROM. In RAM memory data can be written at any time but the
memory EEPROM can only be written to a limited number of times, of the order of
100,000 times.

The parameters that do not change in time are written typically in EEPROM memory
and with this memory it is not necessary to maintain the drive powered. When
powering the servo drive, these values will be still stored in the memory.

This is not possible with RAM memory and the data only stays stored if the servo
drive is powered ON. If we want to write continuously to the drive memory, we
should set the value of P2-30 parameter as 5; but this value is not retained in
memory EEPROM.

Clearly it is not possible that the setting of this value be done by the machine
operator when the servo powers on. Therefore it is necessary to write a value of 5
to this memory when the drive powers ON or otherwise the servo will eventually
reach the limit of writings and the device will not be functional anymore.

One of several ways is to use a compare instruction reading the content of P2-30
parameter and on the basis of that value execute a subroutine with a SenD
instruction writing to that parameter a value of 5. That is, if the reading of that
parameter shows that the value is not 5, we execute a SEND instruction to force a 5
into the same memory.

See the code on the next page for this explanation.
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It can be created an interlock with C4 such that this function is not executed anymore

when P2-30 (MODBUS address 40543 [or 21E in hexadecimal format]

content.

has a 5 in its

For that, we will configure PO-09 (Modbus address 40010) with the keyboard (By
default with value 407) as 21E, that causes that this parameter be defined as P2-30.
Then we will include the reading of parameter PO-09 in the RECEIVE instruction.

Rung to initiate the program
_1st_SCAN Math COHSTANT 5
HsCz2 5 —{m ps&01]
I I Resul
1 1T
P2_30is 0
H C4
(RsT])
Mext 2 mangs counts the sending commands per second
_lzee_Clock Copy Single
| sCT
2 ITI Sro B cTo
Readings per second
Des m Ds1001
Receiving Success Counter cm
17 oy BCTI
3 | SatPoint m 9999
L W Comple
Current B CcTo
_lzee_Clock
| sCT
| %
ITI Rezel
Receiving from sero P2_30 P2 30is 0
B mos mo Bcd
4 1 I=| {587
reading data from serva in 0%5 to D511
Receive (Port:2) MODBUS| Receiving from
. . . Slave 1D 2 servo
Pz 30is 0 Sanding Comm int_k Function Code 03 HCl
BC4 BE1s Bcs Slave 400005 ——— )
5 1t L1 1t Mstr fiddr 7| pecetra
Receiving Success
Word Swap aFF HC2
Revs
Master M Dss R O
Eror in receiving
HC3
Bror
—{m D52001]
Comm int_k
| Cs
(sET )
[ NOP )
Forzing @ constant & into P2-30 |F P2-30 has a content of O
Pz 30 Send {Port:21 MODBUS Sending a &
ren 0 PE 300z 0 Slave ID 2 HCio
o " o e Furction Code 16
- | Servling
7 =1 1T v 400010 Success sending &
M=tr Addr BCi
Wiord Swap OFF
CONSTANT & E—
Master m D501 Emor in sending §
HCiz
Ence
m 052010]

Notice that we had to force a value of 5 into the content of the register that”
corresponds to P2-30. For that, we have to set a register (DS501)with a constant 5.

In order to test this step, turn off the servo and P2-30 will reset to off. Then, when
turning the servo on, you can monitor DS10 with Data View to see the value there.

We added rung 1 for settings we will need later.
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You will observe that the PLC did not take notice that the servo was powered off.

Then, it is necessary to create an interlock in such a way that the PLC resets C4
when the servo goes from “servo not ready” to “servo ON”. For this we should read
the output status thru MODBUS. We will discuss this later.

Note that the transactions per second value went down.

Explanation on setting of parameter P3-08

For this step, we have to set P3-08. Let us determine what the value of parameter
P3-08 has to be.

The values of virtual or real digital inputs are defined by the content in P4-07.

P3-08 is a “mask”parameter that allow us to control digital inputs with MODBUS.
Each one of the parameter bits has a predefined function or defined with other
parameters.

If any of the eight less significant bits on P3-08 is a 1, digital inputs DI to DI8 are
used as virtual digital inputs with MODBUS; we call them virtual digital inputs as
opposed to real digital inputs. We can imagine each bit of P3-08 as a permissive to
use MODBUS for each one of the defined functions.

The 8 most significant bits have preassigned functions.

Therefore, before defining P3-08, we have to arbitrarily define the digital inputs to
be defined in P4-07. See following table for the selected values for this specific
example:

Bit | Digital . P3-08
. Code | Description. assigned

order | input
value

DI 101 | Servo Enable 1

DI2 | 104 |Clear command 3
DI3 124 | Home sensor

Dl4 0 |Disabled

DI5 0 |Disabled

Dl6 22 | Reverse overtravel limit switch, opens on overtravel

DI7 23 | Forward overtravel limit switch, opens on overtravel

DI8 21 | External fault stop, opens on fault

DI9 | 108 |Command Trigger - predefined

DIT0 | 111 |PCSO - Bit de selection 0 de position - predefined
DITT | 112 |PCST - Bit de selection 1 de position - predefined
DI12 | 113 |PCS2 - Bit de selection 2 de position - predefined
DI13 | 102 |Alarm reset- predefined

DI14 | 127 |Home search command - predefined

DI15 | 137 |JOG Forward- predefined

15 | DI16 | 138 |JOG Reverse - predefined

This results in a binary string as 1111 1111 0000 0011, which corresponds to
FFO3.In this case, we must set P3-08 as FFO3. The default value is 0.
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By now we have the MODBUS RTU read function working but we have not
configured the parameters for position operation.

The parameter P3-08 has to be written to the servo with the keypad when P2-30 is
set to 0. The servo register stores FFO3 when the servo drive is powered cycled.

Let us go back to the ladder program. The following step shows the definition of a
constant 5 into DS501, an arbitrary register used for storage only.

A | B AF
_1st_SCAN Math
B sc? 5 ——{mosa01]
1 || Result
(.
B4
P
{ReT )
Copy Single
Optionally we can use the - ® s
COPY command to set a
value of & into DS501
Des mos50

Notice that in order to force a 5 into DS501 we use a MATH instruction. we could
have used a copy instruction to get the same result.

We can also increase the number of addresses to be read from the servo drive in
rung 5, to include from P0-05 to PO-11. See the change done in the next figure.

Receive (Fort2) MODBUS
Slave ID 2 EC1
Madbus Function Code 03 —O
Slave Addi 400005 Receiving
NG of Master Addresses 7 EC2
Word Swap OFF :
Success
Master Mmoss
BC3
@)
M Ds52001]
Er...

1st Ed.
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Main parameter setting

We will enable the servo with a virtual digital input; we have to connect the home
sensor directly to servo and we will define acceleration and deceleration, the
operation mode and other constants that are listed next (others are left as default):

- P1-01 Operation mode, that by default is O, set as 1 (Pr mode).
- P1-32 Selection of the stop mode, changed to 1 from value 0.
- P1-33 set as 0, absolute mode

- P1-34 Acceleration time: it was defined as 600 ms.

- P1-35 Deceleration time: 600 ms to arrive at 0.

- P1-36 S-curve: set as 30 arbitrarily.

- P1-47 Home search definition : set as 223.

- P1-48 Home search fast speed; set as 600 rpm arbitrarily.

- P1-49 Home search creep speed; set as 60 rpm arbitrarily.

- P1-50, Revolutions offset from home sensor.

- P1-51, Count offset from home sensor.

- P1-55, left as 2174 rpm.

- P2-10, DI1, set as 101, that is, servo enable

- P2-11, DI2, set as 104, clear command, to zero the counts after home position.

- P2-12, DI3, set as 124, defined as a home sensor normally open, that closes when
the Home sensor is detected

- P2-13, DI4, set as 0, disabled.

- P2-14, DI5 , set as 0, disabled

- P2-15, DI6, set as 22, as reverse overtravel limit; it is a normally closed contact.

- P2-16, DI7 , set as 23, as forward overtravel limit; it is a normally closed contact.
-P2-17, DI8, setas 21, as external fault stop; it is a normally closed contact.

Note from the tables on the next page that the bits 8 to 15 are predefined functions.
-P2-18, DOT1, as 102, that is the output Servo ON.

-P2-19, DO2, as 109, that is the output Home completed.

- P2-20, DO3, as 105, that is the output At position.

-P2-21, DO4, as 107, that is the output Active fault.

- P2-22 , DO5, as 101, that is the output Servo Ready.

- P2-36 Position 1 velocity set to 2174 rpm.

- P2-50 Clear command, set to 1.

- P3-08 DI control mask set to FFO3

1 4 Luis Miranda
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The concept of absolute position control will be so that, after the operator enables
the servo drive with an output from the PLC linked to DIT.

The servo system can make the home search after the operator touches one button
in the touch screen panel (as one option; in the example on AN-SERV-007 this is
done with a timer after enabling the servo).

When the servo finds the home position, we will zero the position (0 revs and 0
counts) and then at any time the PLC will be able to write the absolute target
position on P1-15 and P1-16.

P4-07 is the value that contains the digital inputs. Recall that we have arbitrarily
associated the following digital inputs to P4-07:

Bit | Digital - Assigned value | PLC

order inf;gut (Gees | IDEEsipion in P§—O8 bit
0 DI 101 |Servo Enable 1 C101
1 DI2 | 104 |Clear command 1 C102
2 DI3 | 124 |Home sensor 0 N/A
3 Dl4 0 | Disabled 0 N/A
4 DI5 0 | Disabled 0 N/A
5 Dl6 22 | Reverse overtravel limit, opens on overtravel 0 N/A
6 DI7 23 | Forward overtravel limit, opens on overtravel 0 N/A
7 DI8 21 | External fault stop, opens on fault 0 N/A
8 DI9 | 108 |Command Trigger - predefined 1 C109
9 | DIMO | 111 |PCSO - Bit de selection 0 de position - predefined 1 N/A
10 | DIT1 | 112 |PCS1 - Bit de selection 1 de position - predefined 1 N/A
11 | DI12 | 113 |PCS2 - Bit de selection 2 de position - predefined 1 N/A
12 | DI13 | 102 |Alarm reset- predefined 1 C113
13 | DI14 | 127 |Home search command - predefined 1 C114
14 | D15 | 137 |JOG Forward- predefined 1 C115
15 | D16 | 138 |JOG Reverse - predefined 1 C116

PLC bits are the corresponding bits to be created to link the commands from the C-
more panel.

We have defined the PO-11 parameters and subsequent in such way than they are
the values of position in P1-15 (PO-11), P1-16 (P0O-12) and the digital inputs with PO-
13 (that is, P4-07). Therefore, the code of line 9 so that it is written in 3 consecutive
registers and the MODBUS function code will be 16 instead of 6.

In this way, we should set the parameters as follows, with the keypad:

PO-11 will be desired revolutions with the value 10F .y equivalent to P1-15. This is
the value by default.

PO-12 will be desired counts with the value 1100, equivalent to P1-16. This is the
value by default.

PO-13 will be the word with the digital inputs with the value 407}, equivalent to
P4-07.

The next ones are not important in this specific example.

You may select other block transfer parameters, if it is necessary in your application.

TstEd.  5/09 Luis Miranda 15
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The parameters PO-04 to PO-13 are now set as follows:

Parameter Valu | MODBUS | PLC Description
address memory

1 PO-04 1 40005 DS5 | Current revolutions
2 PO-05 0 40006 DS6 | Current counts
3 P0-06 6 40007 DS7 | Current rpm
4 PO-07 11 40008 DS8 | Current % torque
5 P0-08 13 40009 DS9 | DC Bus voltage
6 P0-09 21E 40010 DS10 | Set not as default, as parameter P2-30
7 PO-10 409 40011 DS11 | Set not as default, as parameter P4-09
8 PO-11 10F 40012 DS12 | Set as position command 1, revolutions
9 PO-12 110 40013 DS13 | Set as position command 1, counts
10 |PO-13 407 40014 DS14 |Set as P4-07, digital input word

The idea is to be able to read parameters P0-04 to P0-09, read and write into PO-09

and write into PO-11 to PO-13.
PO-10 is used to read the digital output status at any time.

PO-11 and PO-12 are configured to be able to write the revolutions and the counts

desired, that will correspond to the target position.

We have selected a set of memories beginning in DS5 on the PLC for the purpose

of receiving the data coming from P0-04 to PO-11.

Luis Miranda
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Factor of revolutions versus displacement

The PLC will have to make some math to relate the linear distance to revolutions
and counts. This is what we will explain now.

Since the circumference of the sprocket is about 330.995 mm or close to 331 mm
and we use a gearbox or ratio 12:1. we can obtain the factor with the following
relationships: 12 revolutions of the servo will result in a distance of 331 mm. That
is, one mm of displacement will be 12.0/331 revolutions or 0.03625 revolutions,
that corresponds to 362.5 counts.

If the operator wants to move to an arbitrary number of, let’s say, 234 mm, the total
counts will be about 234x12/331 = 8.4833 revolutions. This is less than one
revolution on the gearbox output.

If the operator wants to move to another arbitrary number of, let’s say, 687 mm, the
total counts will be about 687x12/331 = 24.9063 revolutions.This is more than one
revolution on the gearbox output.

The error for the total displacement (830 mm) can be determined with the
following: We know that 830/330.995 = 2.500037651. When we calculate
830/331=2.50755287 and then the error is 0.3 % that is negligible in this case.

This is the math we have to implement in the PLC. Notice that there are integer
revolutions and fractions. The revolution value (8 or 24 respectively in the examples
above) should go to the parameter P1-15. The counts (4833 or 9063 respectively)
will go to the parameter P-16.

The operator will only define the millimeters to be displaced from the Home
position.

Now, recall that we have an operator interface that will write a number, such as 687
in the PLC to an arbitrary memory DS30.

This integer number has to be scaled by 120000/33 1and separated into 2 numbers.
The ladder code below explains how to to this.

Targetin mm Copy Single
oD &30
|- SIC &30
€ 11
Targetin mm
Des B DD
_Always_ 0k Math
[E|SC|1 DD1 *120000 4§ 3531 Wﬂl ooz]
J 1]
Iath Desired revs
D531 41000 ——{mDsaz]
Result
Math
DOZ-DS32*10000 @ oo3]
Result
Copy Single
SIC EDD2
Desired Counts
Des mos33
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C-more programming

It could be important for operation to show the operator the current target. We will

CURRENT POSITIOM

13 MM

CURRENT TARGET

315 MM

S5 mm

create a numeric display on the operator
interface that shows the value, similar to
the adjacent figure.

[t may also be important to the operator
to show the current position. The servo
will report the current revolutions and the
counts.

We will have to scale those values into
mm to show the current position.

It is time to describe the C-more operator interface programming

We will describe here how to program the objects on the operator interface.

Open the C-more program and create a new project by clicking on button “Start

a project’.

Give a project name (for example, AN-009) then select the HMI; the HMI type will
be the one you are using. In this application note, we used a 10 inch C-more panel.
The PLC protocol will be Automation Direct MODBUS(CLICK) and the baud rate will
be 38400 kbps, the default for the port 1 Click 1T PLC and then click OK.

The next screen will show up:

NE d@Bw J
Stait arProject

& c-more Programming Software - [AN-009.eap - #1 Screen 1]

|-__|File Edit Yiew Tool Object Screen Database  Setup  Panel Help

S @ |(m|Em Language | Language 1

Simulate Project

w

Send pProjectto pane!

| | MNavigation x
Sereen | Function | Panel

OX 6o E B

1-Screen 1

£ >

1- Bereen |

| e
o |:| Backiround
|:| Backaround Cr

| Draw

Paark

L Obiject List
Ohbject | Library

Shape

\ Line

O rectangle

() Circle

iy Triangle

Frame
Button

B Paits List

Default

[ ]

Object Help

S

B
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Next, we will create a numeric display object to show the current position. Click on
the menu Object and then select Indicator and then Numeric display and click on
it.  The cursor will turn into a cross and then drag it by holding the left mouse
button and form a rectangle with it.

When you finish the dragging, the numeric display dialog box will show up and
then you can fill up the data. See it on the adjacent figure. The main features are
explained below:

Numeric Display @

Mame: General | Option
MumericDizplay]

[ Label Faont & Color Dizplay Format
Test Size: Data Type: Unzsigned Decimal  »
0
i - Number of Digits

Colar i Total Fractional
Text: ™[] Blink £ | 0o~
Back: | [ ]Blink = =

Prefix Suiffix

12345

[] Comma Separator

Digplay Frame
Data Display Tag Justify: | Leading Spaces  »
v ]
Language: [] Use tag for Decimal Point Tag
Language 1 “
Dezcription:

(%] (o] o]

Label: This is the text that shows on top or bottom to identify the numeric display.
We elect not to use any label in this case.

Text Size: Click on the down arrow to select the Text Size of the number to be
displayed. In this case we will select 16.

Data Type: Click on the down arrow to select the type of data that will be displayed.
In this case we will select SIGNED DECIMAL.

Number of Digits: Click on the Up or Down arrows to select the number of Total

and Fractional digits to be displayed. set as .
TOTAL 3 & FRACTIONAL 0.
Suffix: Click on the field to enter a common ::gln:rmati:n * >

Suffix value that will always be displayed. Devics Nare: [ DEVODT 3

In this case we will select mm. TagMame: | ENGEENNEERIEL

Data Display Tag: Click on the down arrow
to select a Tag Name. In this case we will
select Current position. Click on the | rrades

button at the right with 3 dots and other | yemoytpe  adiess

dialog box will show up, as in the adjacent | S M |2

figure. Fill up according to the data on the nory [ e |[ ek
adjacent figure.
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The other fields are not important at this time. You can read more on the online help.
Click on the button ADD to return to the main dialog box and then click OK.

Note that the object is displayed where you have made the rectangle. Drag it to the
top right of the screen. You should see the following

You can set now a Static text to describe what you have on the rectangle. Let us call
CURRENT POSITION.

C-more Programming Software - [AN-009.eap - #1 Screen 1]
uFiI& Edit View Tool Object Screen Database Setup Panmel  Window  Help e

UE d Bx 44 B(mm|m Language  Language 1 w
S1ar aProject Simuiate Project Send Project to panel
|| Mavigation x | Object List
Screen | Function Panel | l -123 mm ‘ Object | Librar
0O * > | glape
Line

== Ol Rectangle
) Circle
A Triangle
O Frame
Buttnan

For this action, we will click on the menu Object and then select Text and after that
Static text ... and click on it. The cursor will turn into a cross and then drag it by
holding the left mouse button and form a rectangle with it.

When you finish the dragging, the dialog box will show up and then you can fill
up the text to be shown. In this case, we will write CURRENT POSITION.

Drag it to the left of the numeric display, if necessary; you can also give other size
and shape.

We will do a similar row with the current target. For this, we can copy both objects
and then modify them, as follows (See the figure below to follow the explanation):

Programming Software - [AN-009.eap - #1 Screen 1] |
(8 Yiews Tool Object Screen Database Setup Panel Window Help

W Bk 4 & @ |||m|m| W] Language | |Language v

HT aProject Simtilate Project Send Project to panel

vigation x i | i # W Object
e | :
functon | Panel | | CURRENT POSITION ; |\ 1234 mm | Objest ||
El . —_— = —_— Shape
—_———— : ™ Line
i T [ rectal

Drag a line from the top left to the right under the numeric display and then go to
the menu Edit and hit ”Copy Then get other submenu “Paste”.

& View Tool Object Screen Database Setup  Panel  Window Help

H Bk @O 1 mmm Language | Language 1 v

T a Project Simulate Project Send Project to panel

vigation x :-_i ________________________________________ B A R R _,_"' ||l Objec
= 1 i HEE -
“unction | Parel ;” CURRENT POSITION | H 1234 mm “ i [otert |
E i E i : Shape
e o T O O A O O o 0 3 0 O 03 P o 0 o 0 0 A O o A R e A i ™\, Ling
= - [ recta

A copy will show up over the original set, offset and showing dots on the corners.
Drag it to under the existing one.
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Now we can right-click on the bottom text object and a submenu will show up.
Click on the submenu Object Properties as shown below. When this is done, the
dialog box will show up and then you can change the text to Current Target.

amming Software - [AN-009.eap - #1 Screen 1]
# Tool Object Screen Database Setup Panmel Window  Help

Ak &G @ (mmEE] Language  Language 1 v
Project Simulate Project Send Project to panel
1 [ (] _ AW 0bi
in| Panel ‘ CURRENT POSITION | -1234 mm | Object
= § CURRENT POSITION . Tl 1234 mm
Copy =

Paste

Ering ko Front
Send ko Back
Bring Forward
Send Backward

gen 1

Ungroup

Cbject -= Library...

Cbject Properties...

¥

Associate this tag to DS30. You can relocate the objects to align with the upper
ones.

In the same way, you will change the properties of the numeric display to show now
the current target related to DD1 and the number of digits can be changed to 3.
You may change the frame to other, to distinguish from the previous one.

In the same way, you can continue to set other objects, as follows:

Target entry, as numeric entry, other object that allows to enter a number to be
transferred to the PLC, related to DD1.

The result and the tags related to each object are shown on the following figure

rofect SHTUIGIe Froject SHENM Froject to panel

£ CURRENT POSITION -123.mm |D520 I
7 .

Current target -123.mm
® _

TARGET EMTRY

-123 mm
DD1
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This project can be downloaded to the panel for testing purposes by clicking on the
button “Send Project to Panel”.

You can also simulate the behavior of the panel on the PC by clicking the button
“Simulate panel”. This function provides the possibility to show what you will see
on the panel. For example, you can click on the numeric entry object and the
display will show a keypad that can be clicked to enter a number, as you do on the
panel. More instructions are found in the On-line Help of the software.

T ;.

|. CURRENT POSITION ‘ U 231 mm ‘

“ Desired target \ || 639 mm ‘ |
Q&

639 m m Screen List

1-5Screen 1

Tag List

Tag Mame FLC Address Data Type Walue
C5 ch Dizcrete QOFF
CE CE Dizcrete QOFF
OLD TARGET D512 Signed int 16 231
TARGET rizigned int 16 539
TARGET EMTRY  DD1 Ungzigned int 32 539

We should calculate the current position in DS20, arbitrarily defined, after reading
the revolutions and fractions from the servo drive. See the ladder code on the figure
of next figure, that shows how to to implement this.

_Hways_0OH Math Faw current position
Bl 5C1 055 * 10000 + D56 ﬁ[tll:ul:udJ
1)
I I 155127
Math Cument position in mm
004 ™ 331 /120000 ﬁ|:Ii1 D320
I1}
427

We know that the current revolutions are in DS5 and the current counts in DS6.
We executed a calculation to get the current position in mm.

Current position checking: First let us check that the PLC calculation of the current
position in DS20 is correct. Move the shaft of the servo in such a way that there
are 12 revolutions (We know that 12 revolutions will correspond to 331 mm). If
DS20 in Data View shows 331, this is doing the calculation correctly.
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The operator will enter the target in to the numeric entry associated to DD1.

The desired target position is what the operator has entered into the servo. In order
to transfer it, the operator should press the “Send target to servo ” momentary
pushbutton associated to C5. We will test later that the panel communication link
is working together with the servo. The way to do that is to force some values, but
we have not done all the set up so far.

Definition of the commands to the servo
Next, we have to program the different digital inputs and outputs of the servo drive.
Recall that we have previously defined the functions of the operator interface as

follows:

Bit | Digital I Assigned value | PLC

order in§ut Code | Description. in P§-08 bit
0 DI1 101 |Servo Enable 1 C101
1 DI2 | 104 |Clear command 1 N/A
2 DI3 124 | Home sensor 0 N/A
3 Dl4 0 |Disabled 0 N/A
4 DI5 0 | Disabled 0 N/A
5 DI6 22 | Reverse overtravel limit, opens on overtravel 0 N/A
6 DI7 23 | Forward overtravel limit, opens on overtravel 0 N/A
7 DI8 21 | External fault stop, opens on fault 0 N/A
8 DI9 | 108 |Command Trigger - predefined 1 C109
9 | DIMO | 111 |PCSO - Bit de selection 0 de position - predefined 1 N/A
10 | D11 | 112 |PCS1 - Bit de selection 1 de position - predefined 1 N/A
11 | D2 | 113 |PCS2 - Bit de selection 2 de position - predefined 1 N/A
12 | DI13 | 102 |Alarm reset- predefined 1 C113
13 | DI14 | 127 |Home search command - predefined 1 C114
14 | DI15 | 137 |JOG Forward- predefined 1 C115
15 | DI16 | 138 |JOG Reverse - predefined 1 Cl16

Momentary indicator Button 1 => C101 Servo enable; it shall be set by the operator.

Momentary Button 2=> C109 Move trigger; The trigger shall be commanded by
the operator.

Momentary Button 3 => C113 Alarm reset; this should be commanded by operator

Momentary Button 4 => C114 Home search; this should also be commanded by
operator

Momentary Button 5 => C115 Jog forward; this should be commanded by operator
Momentary Button 6 => C116 Jog reverse; this should be commanded by operator

These commands shall be transferred to the servo with a word in the PLC that is
linked to P4-07, with MODBUS addressing of 41032.

We have to add a JOG forward and a JOG reverse in this project, for the rare case
that the tool car gets the overtravel limit switch activated or any need to test the
motion.

With these considerations we will implement more ladder code in the PLC.
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Let us create the buttons.

Button 1- Put the cursor over the Indicator button on the right pane, where it says
Object list and select it then drag it to the left bottom side of the screen 1; it will
pop up the Indicator button dialog box. Fill with the data shown on the figure

Indicator Button

Mame:
IndicatorB utton

Simulate:

Dizplay Frame

Language:
Language 1 “

Description:

Tag Mame Database

General | Qption | Password

[ Label OFF Teut

Servao dizabled

Position

Text Color: mm| [ | Blink

OM Text
Servo enabled

Test Color; mm| [ ] Blink

Back Color: ... [ | Blink, Back Calor ™= [ ]Blink
Test Size  Align Text Size  Align
12~ E- | Font 12 v B[ Font |
Push Button Tag Mare:
|SERVO ENABLE v [.]
Indicator Light Tag Mame:
ENABLED v[.]
Object Shyle Object Type
(%) Togale ) Momentam On () SetOn
O ) Momentary O ) Set Off
Style 1 Style 2
I kK ] I Cancel J l Help

|

below:

The button will activate in toggle mode the bit C101. Servo enable button tagname

is associated to C101; Enabled light tagname is associated to C201 for now.

The button has been programmed; you can transfer the program to the panel and

see how it looks. It should be similar to the next figure:

‘ CURRENT POSITION ”

0 mm ‘|

‘ Desired target ‘ ‘

0 mm ‘|

TARGET ENTRY

0 mm

Servo
disabled

_______________________________________________________

_______________________________________________________

Luis Miranda
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In the same way, create the rest of the buttons, AS SIMPLE MOMENTARY
PUSHBUTTONS, associating the tag name to the defined C bits. The screen program
will look similar to the following figure:

l‘ CURRENT POSITION ‘l l‘ -123.mm ”
l‘ Current target ‘l l‘ -123 mm ”
JOG reverse JOG FORWARD

e |

TARGET ENTRY

HS

-123 mm
C101
C113 C109
Alarm reset TRIGGER

This can be saved to the C-more panel and it seems a good time to test the
functionality together with the PLC.

Of course, having only 2 communication ports presents small problems. The port 2
will be used for the panel, and then we will have to remove the cable to the servo.
We will not have the servo linked to the PLC, but we can connect the panel to the
port 2 of the servo with the cable EA-2CBL.

Since we have commands in the ladder program to write to a slave in port 2, the PLC
expects a slave connected to it. The C-more panel is a master by itself. There will be
communication errors if we do not disable the communications. One temporary way
to do that is to use normally closed contacts with SC1 in the rungs where there is a
SEND and a REcCEIVE instruction. This is what we have done in our test.

In order to test the proper function, let us write a number in the numeric entry, such
as 687, and we will observe that the word DD1 will get the same number. You
should activate the button SEND TARGET TO SERVO for that to execute. The math
in the section Factor of revolutions versus displacement takes the value of desired
target (in mm) into DS32 for the corresponding revolutions and the register DS33 for
the counts.

For example, by entering 331 mm, we can see with Data View that DS32 is 12 and
DS33 is 0, that corresponds to the ratio explained earlier. You can test with any other
acceptable value. See the following figure with Data View for this case.
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- [B]X%] i
—_— [ Wigw Override Copy T i single
dit Fill Down ‘ m Write All New Yalues sre ar%.eDIB1mm
an
A_ddress |N\ckname |Current V|New Yalue |Write |\n'iewing Format | L Current target
|1 |ps10m 0 Integer Des mDpsa0
L Hpsso1 g — L Integer Input £l

5 Send target to servo On | on Off} E -

D1 Target in mm 3t 331 Al Integer Math Total counts
[1]pss Rews ] Integer DD1 * 1200007 331 d;place:T
= —E0D2
|1 |ose Counts 721 Integer Result
[ 1lps7 Speed -13393 Inkeger 120000
[1lpss Torque ] Integer Math Desired revs
[1]o= DC bus voltage -3083 Irteger DD2r10000 —|Result MDs3z]

g nteger

Dsi0 Pz_30 5 Ink i
LDSH 8 Integer IMath Desired counting
LDSIZ Target A revs 2 Integer DDZ-DS32 * 10000 WEMDD:;]
_I_ D513 Target & counts 253 Inkeger — L 0
_I._ D314 Target A speed 400 Integer -

[T]os15 253 Integer Cony B ol single

53 esired counting

| 1|psis 400 Integer Sre D03

[1]os17 100 Integer 0

L Desired counts

[Tps30 Current: target a3t &30 Al nteger  RESUIE Mos2a

|1 oS3t target in thousant ored Er . 0

_I_ D3z Desired revs 12 Integer

|1 lps3a Cesired counts 1] Integer Math Raw current position
= —_— neEEdnnnn . Aoe T mim A

The pushbuttons can be tested by creating the elements in Data View 2 and seeing
that the C bits will turn ON or OFF depending on the touch of the buttons.

See the figure below for an example in Data View.

Ci01 Serva enabled aff it
C109 Trigger bit Off il Bt
C113 alarrn reset bit OFF Eit
Ci14 Haome search bit Cff Eit
115 1005 FWwD bik CIFf ol Bit
Clle 1oz REY bit CIff ol  Bit

The servo enable button is a toggle switch, that is, the bit C101 will be turned ON
one time and then turned OFF when touched again.

The others, including the JOG commands, are momentary pushbuttons that are ON
only when the object is touched.

If you want to see the action in the PLC, you can physically test them by relating,
temporarily, the bits to a physical output of the PLC. When the output is ON, the
corresponding LED will turn ON.

These actions test the objects that have been created in the C-more panel.
These actions complete the test of the C-more and the PLC, for now.

Reading servo output status from PLC

Let us go back to continue making the PLC program. Put the cable going to the
Servo back, and the SCT N.C. contacts on rungs where there is a SEND or RECEIVE
commans shall be removed.

When the communication has been established, we can see that the baud rate is 47
kbps in the register DS1001 using Data View.

We are reading the outputs in PO-11, or in other words, P4-09.
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Let us analyze what do we want to have here with the help of the following table:
Parameter | Value| Description Action expected

P2-18 102 | DOT1 defined as Servo ON ON when servo is enabled

P2-19 109 | DO2 defined as Homing completed | ON after the Home as been found

P2-20 105 | DO3 defined as At position ON every time servo reaches the target
P2-21 107 | DO4 defined as Active fault ON every time the servo has a fault
P2-22 101 | DO?5 defined as Servo ready ON when servo is powered and no faults

Each of the first 5 bits of this word represents the status of the digital outputs (DO’s).
we use the UNPACK COPY instruction to get the data, as follows:

15 |

_AMways_ON
Bl scCi

Copy Single
P4 09

Src Mosit

Packed servo DO=
D= [ OH1
Copy Unpack

Packed servo DO=
Sre [H OH1

00 servo on

D= [Bl c21 [Blc216

Note that P4-09 was read with MODBUS and transformed into hexadecimal DH1.

Then the content of DH1 was unpacked to C201 to C216. Of course, only bits
C205 to C210 are used. ’

N/A  DI8

DI6 DIl4 DI2

How did we test this relationship? In order to turn the lNiAl D+I7l D+I5l Disl D+H

()

outputs ON, we can use the parameter P4-06. See the
figure at the right to see the next explanation.

P4-06 shall be set to 1 to force DO1 to ON. When the
ENTER key is pressed, the servo display will show OP 01

f

and the bit C201 of the PLC will turn ON. In the same ©ff

manner, when set to 2, and then when the ENTER key is pressed, the servo display

. Off

oo

wogogowo UO

trAtard
On | On | Off On
On On On On

will show OP 02 and the bit C202 of the PLC will turn ON and so on.

The effect will be seen on the register DS11 on
in C201 to C205 with the help of Data View. 2

See the adjacent figure.

We are now ready to implement more logic

in the PLC.

123
124
125
126

DO servo on Off
DC Home completed  OFF
DD ak position on
D2 active Fault Off
DO servo ready on

We can add some indicators on the c-more screen, as shown below:

Servo On

CURRENT POSITION

At position

-123 mm

1st Ed.
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Virtual digital input programming

Recall that we want to set the digital inputs with the help of parameter P4-07, that
is written by the C bits defined previously in the C-more panel.

We will read continuously the status of the servo but and we will continuously write
the digital inputs as well as the desired target position.

There are 2 positions and one word with the digital inputs to be written. The 2 word
position information are calculated in DS32 and DS33 and are to be written into
registers P1-15 and P1-16 respectively. These registers are not consecutive, but with
the help of block transfers, we are able to set one SEND writing to PO-11 and PO-12.
We will interlock the ReCEIVE instruction with the C bit C8, as in the following figure,
to avoid that the SEND and RECEIVE functions operate at the same time.

28

Sending data to the 3 registers on servo
Send (Paort:2) MODBUS Sending
P2_30is4 Receiving fram serva Comm int_k Slave ID 2 EC13
B C5 EC1 B Ca Madbus Function Code 16— )
I I H I I Stave Addr 400012 sergg‘ﬁdin Success
NO. of Master Addresses 3 [EgC 14
Word Swap QFF
Desired revs P ()
Master mos3z2 Sending Error
EC15
Emror :
M Dsz020]
E...
Cormrm int_}
(IE c8
{ReT

In a similar way, we can write the word to change P4-07 to PO-13. P4-07 will take
some values depending on the digital inputs active at any given time.

The rung for the receive instruction has been modified and can be seen in the final
version for the ladder code at the end of the document.

We should prepare the corresponding data to make it logical, with the ladder code
in the following figure.

When the servo is enabled, the PLC output Y4 shall be turned ON to release the
brake. See the logic in the ladder code of the next figure.
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See the figure below for the following explanations:

Sero enabled Ol serva enable
c101 301
16 || (our)
Brake release
YOo4
{our )
DI servo enable DO Home completed DI Clear command
|03|D1 |02|02 Can:
17 11 |4 Cour)
Trigger bit Dl trigger
E 109 [E C305
18 || (out)
Alarm reset bit DO active fault Ol alarm reset
Ec113 [ c204 [ C313
19 || || (our)
Home search bit Dl Home search
Rmr r@wm
20 1T i OUT)
JOG PWDO bit JOG REY hit DI JoG WD
ﬁmF mpm Jﬂww
2 1 s (our)
JOG REY hit JOG FWO hit Dl JOG REY
|(31|1’5 |C115 316
22 11 14 Cour)

In order to put the bits into one word, we can use Pack Copy instruction. The bits
C301 to C316 can be Pack Copyed to DH2.

The Pack Copy mode of the Copy Instruction combines the status of up to 16 Source
C Bit Memory Addresses and copy the combined status into a Destination Data
Register (DH2).

The Source field represents the range of the Bit Memory Addresses C301 to C316,
bits that are related to the commands, as shown on the ladder diagram of figure

Ve. =
above

Destination:
. H Copy Type Copy Setting
ldentlfy‘the en'dlng = Source:  w |C301 E| to W |C316 E|
Destination If
Memory Address Ry Packcopv
g|_|l_'21 [n.ltrlsk)caire]). II -h Destination: «* DHL| E| [s]
will be the = = =
Block Copy  Unpack Copy
memo I‘y tO b e - Option About Ervor Flags
transferred to the 7 S o
L SC44 : Address Error
servo register Fil
401 032 (P4_O 7). [l one shat {Execute one time)
[o]4 l [ Cancel | [ Help
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Now we have to set a word DH2 that has to be transferred to the servo which will
have the bits related to the virtual digital inputs defined in the range C301 to C316.

When this relationship is defined we can SenD the data to the register that
corresponds to P4-07. See the code in the figure below

_Aways_0M Copy Pack
B sC1 DI servo
11 enable D1J0G REY
1T Sre [Bl Cz01 [Bl C316
Packed servo Dz
Des [H OHz2
send (Port:2) MODBUS|  Sending mng 24
Receiving in rung & Bxecute Digital Inputs Sending in mng & Sending in rung 13 Slave ID [Bl C20
[ElC1 [Bc7 Bl cio [El C13 Modbus Function Code G
| | | | | _|5lawe addr 401037 | <2 dig
/r 1T A‘/r A‘/r Packed serva Ols Success mng 24
Master H OHz Bl cz1
f bt
Ermor rung 24
[El 22
Ertar
—{M os2020]
Enl..
Evecute Digital Inputs
[Ec7
RST )

This is the minimum code that we need. remember to add the END instruction.
We can now test the program together with the operator panel.

In order to be sure that there is communication, we will add a numeric display
showing the transactions per second, as in the figure below:

Servo disabled Home notyet found Mo fault Servo not ready
“ CURRENT POSITION | “ Oomm

I‘ Current target ‘ ‘ 0 mm |

' JOG reverse ' JOG FORWARD

TARGET EMTRY

Transactions! second

S0 Alarm Reset TRIGGER
disabled
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Testing the program

The Click programming software can be now disconnected from the PC to make the
port 1 of the PLC free.

Power up the C-more panel and be ready to run the servo motor. Be sure that the
motor is not connected to the load and it is firmly secured to a bracket, to avoid that
the motion may cause some injury or damage to property.

Note that the transactions per second may be in the order of 25 ms (O if there is no
communication); if there is no communication, turn off and on the RUN/STOP
switch on the PLC in order to, temporarily, make it work. Obviously something else
has to be done there. We will look after this test to fix the problem.

Servo disabled Home notyet found At position Mo fault Servo hot ready

CURRENT PQOSITION 0 mm
Current target 0 mm
JOG reverse JOG FORWARD

TARGET ENTRY

Transactions! second

SErvo Alarm Resst TRIGGER
disabled

Touch the button Servo enable on the operator panel, that should be gray; at the
touch the button turns green. The virtual digital output C301 in the PLC will turn
ON. The brake will be released with the help of the PLC output Y4. The shaft of the
motor shall be locked since now the servo is enabled and you will hear a typical
sound of current flowing through the windings of the servomotor. Touch again the
Servo enable button on the operator panel to disable the servo. The shaft of the
motor should be loose again if the brake is released.

Touch the button Servo enable on the operator panel for next operations.

Press the button Home search on the operator panel. The virtual digital output
C309 will turn ON. The shaft of the motor shall not be locked anymore and the
Home search will begin to move backwards to detect the position on the home
sensor.

The output DO2 will turn ON when the Home is completed and this will activate
the PLC input C202. After the Home is completed, there is no need to do home
search again, unless you want to return to the zero position.

1stEd.  5/09 Luis Miranda I 31
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The indicator at the top of the screen will turn on accordingly.. For example, after
doing home search and the the home has been found, the screen will display an
screen as the following figure.

When the Home IS Servo On _ At position Mo fault _

completed, the PLC 1o ppent POSITION || | omm |
clears the current

counts (And ‘ Current target ‘ ‘ 0 mm ‘
revolutions) to get 100 revares 106G FORWARD

the O counts at this " / /7 j

time and allow a ﬂ H
proper indication of

the current position. TARGET ENTRY Transactions/ second

This is done by

commanding  the 0 mm 29 ms
clear command

through  MODBUS.

We have transferred

the C bit data to the Alarm Reset TRIGGER

servo though
MODBUS. This is
one way to implement it. Another is to use a real input on the drive.

At this time we can test again the program.
Write a number such 800 mm in the numeric entry “Target entry” by touching the
object. The numeric keypad will show up. Then write “800” and press “ENT”. We

have loaded the number 800 in the PLC-memory and the PLC will scale into
revolutions and send to the servo into parameters P1-15 and P1-16.

It is checked that the number is not greater than 829 mm. If greater or equal than

829, it clamps the
! p Serva On _ At position Mo fault _

value and forces a
830 on the target. | CURRENTPOSITION || | Omm

The scaled data has ‘
been transferred to
JOG reverse J0G FORWARD

the servo and then —a FFT T —
the servo is ready to ﬁ H

move from the home T meeemy

Current target ‘ ‘ 800 mm ‘

pOSitiOI’l to the TARGET ENTRY tanse| 5 e 1 s TARGET ENTRY
desired position ‘ 800
indicated as 800 800 mm | B KN K B
-2147483648

mm. 1 2 3 "
haximurm
2147483647
o Clizel Current

ann

Alarm Reset +F

| Cancel | Enter
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When this is done, we can then trigger the motion with the button. The servo
should move forward to the corresponding number of revolutions and counts.

The numeric display for current position should show the displacement in real time.
To come back to other lower position, we can repeat the action.

Write a number such as 8 mm in the numeric entry “Target entry” by touching the
object. The numeric keypad will show up. Then write “8” and press “ENT”.

We have loaded the number 8 in the PLC. The PLC transforms the new data into

the proper desired revolutions; we can then trigger the motion with the button
TRIGGER.

The servo will move backwards to the corresponding number of revolutions and
counts.

While the servo is enabled, the operator can use the buttons Jog Forward or Jog
reverse to move in one or other direction, for example, to test the overtravel limits.

When connected to the machine, it might be necessary to tune the servo. This can
only be done when the machine is connected. The program Sureservo PRO is very
useful for this operation.

This shows one simple positioning method. Of course, it will depends on the
ingenuity of the programmer to make more complicated logic and to utilize more
features of the C-more panel.

Recall that we have a problem when the system is initially powered up. The
communication was not established until the PLC went into program mode and
then back to run mode.

One option is simply to have the servo powered up 1 second before the PLC is
powered up. It seems that the servo does not accept communications before 1
second after it is powered up. This will require a hardwired timer turned on 1
second after the digital output Servo Ready is ON (DI5).

On the next pages we show the list of parameters and the final ladder code.

List of parameters on the servo drive

Parameter Value
P0.00 - Software Version 2105
P0.01 - Drive Fault Code 0
P0.02 - Drive Status (Front panel display) 0
P0.03 - Analog Monitor Outputs 0
P0.04 - Status Monitor 1 1
P0.05 - Status Monitor 2 0
P0.06 - Status Monitor 3 6
P0.07 - Status Monitor 4 11
P0.08 - Status Monitor 5 13
P0.09 - Block transfer parameter 1 21E
P0.10 - Block transfer parameter 2 409
P0.11 - Block transfer parameter 3 10F
P0.12 - Block transfer parameter 4 110
P0.13 - Block transfer parameter 5 407
Tstkd. 509 Luis Miranda 33
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[
P1.00 - External Pulse Input Type 2
P1.01 - Control Mode and Output Direction 101
P1.02 - Velocity and Torque Limit 0
P1.03 - Output Polarity Setting 0
P1.04 - Analog Monitor Output Scaling 1 (CHT) 100
P1.05 - Analog Monitor Output Scaling 2 (CH2) 100
P1.06 - Analog Velocity Command Low-pass Filter 0
P1.07 - Analog Torque Command Low-pass Filter 0
P1.08 - Position Command Low-pass Filter 0
P1.09 - Preset Velocity Command / Limit 1 100
P1.10 - Preset Velocity Command / Limit 2 200
P1.11 - Preset Velocity Command / Limit 3 300
P1.12 - Preset Torque Command / Limit 1 100
P1.13 - Preset Torque Command / Limit 2 100
P1.14 - Preset Torque Command / Limit 3 100
P1.15 - Position T Command (Revolutions) 2
P1.16 - Position T Command (Counts) 253
P1.17 - Position 2 Command (Revolutions) 0
P1.18 - Position 2 Command (Counts) 0
P1.19 - Position 3 Command (Revolutions) 0
P1.20 - Position 3 Command (Counts) 0
P1.21 - Position 4 Command (Revolutions) 0
P1.22 - Position 4 Command (Counts) 0
P1.23 - Position 5 Command (Revolutions) 0
P1.24 - Position 5 Command (Counts) 0
P1.25 - Position 6 Command (Revolutions) 0
P1.26 - Position 6 Command (Counts) 0
P1.27 - Position 7 Command (Revolutions) 0
P1.28 - Position 7 Command (Counts) 0
P1.29 - Position 8 Command (Revolutions) 0
P1.30 - Position 8 Command (Counts) 0
P1.31 - Motor Code 21
P1.32 - Motor Stop Mode Selection 1
P1.33 - Position Control Mode 0
P1.34 - Acceleration Time (Internal Indexer) 600
P1.35 - Deceleration Time (Internal Indexer) 600
P1.36 - Accel / Decel S-Curve 30
P1.37 - Inertia Mismatch Ratio 5
P1.38 - Zero Velocity Output Threshold 10
P1.39 - Target Velocity Output Threshold 3000
P1.40 - Max Analog Velocity Cmd or Velocity Limit 3000
P1.41 - Max Analog Torque Cmd or Torque Limit 100
P1.42 - On Delay Time of Electromagnetic Brake 20
P1.43 - Off Delay Time of Electromagnetic Brake 20
P1.44 - Electronic Gear Numerator 1 1
P1.45 - Electronic Gear Denominator 1
P1.46 - Encoder Output Scaling Factor 1
P1.47 - Homing Mode 0223
P1.48 - Homing Velocity 1 - Fast Search Velocity 600
P1.49 - Homing Velocity 2 - Creep Velocity 60
P1.50 - Home Position Offset (Revolutions) 2
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|
P1.51 - Home Position Offset (Counts) 0
P1.52 - Regenerative Resistor Value 40
P1.53 - Regenerative Resistor Capacity 60
P1.54 - In Position Window 100
P1.55 - Maximum Speed Limit 2174
P1.56 - Output Overload Warning Threshold 120
P2.00 - Position Loop Proportional Gain (KPP) 35
P2.01 - Position Loop Gain Boost 100
P2.02 - Position Feed Forward Gain (KFF) 5000
P2.03 - Smoothing Constant of Position Feed Forward Gain 5
P2.04 - Velocity Loop Proportional Gain (KVP) 500
P2.05 - Velocity Loop Gain Boost 100
P2.06 - Velocity Loop Integral Compensation (KVI) 100
P2.07 - Velocity Feed Forward Gain (KVF) 0
P2.08 - Factory Defaults and Password 0
P2.09 - Debounce Filter 2
P2.10 - Digital Input Terminal 1 (DI1) 101
P2.11 - Digital Input Terminal 2 (DI2) 104
P2.12 - Digital Input Terminal 3 (DI3) 124
P2.13 - Digital Input Terminal 4 (D14) 0
P2.14 - Digital Input Terminal 5 (DI5) 0
P2.15 - Digital Input Terminal 6 (DI16) 0
P2.16 - Digital Input Terminal 7 (DI17) 0
P2.17 - Digital Input Terminal 8 (DI8) 0
P2.18 - Digital Output Terminal 1 (DO1) 102
P2.19 - Digital Output Terminal 2 (DO2) 109
P2.20 - Digital Output Terminal 3 (DO3) 105
P2.21 - Digital Output Terminal 4 (DO4) 107
P2.22 - Digital Output Terminal 5 (DO5) 101
P2.23 - Notch Filter (Resonance Suppression) 1000
P2.24 - Notch Filter Attenuation (Resonance Suppression) 0
P2.25 - Low-pass Filter (Resonance Suppression) 2
P2.26 - External Anti-Interference Gain 0
P2.27 - Gain Boost Control 0
P2.28 - Gain Boost Switching Time 10
P2.29 - Gain Boost Switching Condition 10000
P2.30 - Auxiliary Function 0
P2.31 - Auto and Easy Tuning Mode Response Level HEX 44
P2.32 - Tuning Mode 0
P2.33 - Reserved 0
P2.34 - Overspeed Fault Threshold 5000
P2.35 - Position Deviation Fault Window 30000
P2.36 - Position 1 Velocity 2174
P2.37 - Position 2 Velocity 400
P2.38 - Position 3 Velocity 1000
P2.39 - Position 4 Velocity 1000
P2.40 - Position 5 Velocity 1000
P2.41 - Position 6 Velocity 1000
P2.42 - Position 7 Velocity 1000
P2.43 - Position 8 Velocity 1000
P2.44 - Digital Output Mode 0
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P2.45 - Index Mode Output Signal Delay Time

P2.46 - Index Mode Stations

P2.47 - Position Deviation Clear Delay Time

P2.48 - Backlash Compensation (Index Mode)

P2.49 - Jitter Suppression

P2.50 - Clear Position Mode

P2.51 - Servo Enable Command

P2.52 - Dwell Time 1 - Auto Index Mode

P2.53 - Dwell Time 2 - Auto Index Mode

P2.54 - Dwell Time 3 - Auto Index Mode

P2.55 - Dwell Time 4 - Auto Index Mode

P2.56 - Dwell Time 5 - Auto Index Mode

P2.57 - Dwell Time 6 - Auto Index Mode

P2.58 - Dwell Time 7 - Auto Index Mode

P2.59 - Dwell Time 8 - Auto Index Mode

P2.60 - Electronic Gear Numerator 2

P2.61 - Electronic Gear Numerator 3

P2.62 - Electronic Gear Numerator 4

P2.63 - Velocity and Position Deviation Scaling Factor
P2.64 - Advanced Torque Limit Mixed Mode

P2.65 - Special Input Functions ,

P3.00 - Communication Address

P3.01 - Transmission Speed

P3.02 - Communication Protocol

P3.03 - Communication Fault Action

P3.04 - Communication Watchdog Time Out

P3.05 - Communication Selection

P3.06 - Reserved

P3.07 - Communication Response Delay Time

P3.08 - Digital Input Software Control Mask HEX FFO3
P4.00 - Fault Record - Most recent (N) 14

P4.01 - Fault Record (N-1) 11

P4.02 - Fault Record (N-2) 11
P4.03 - Fault Record (N-3) 11
P4.04 - Fault Record (N-4) 13
P4.05 - JOG Function 100
P4.06 - Force Outputs Command 0
P4.07 - Input Status 0
P4.08 - Reserved 0
P4.09 - Output Status 20
P4.22 - Analog Velocity Input Offset
P4.23 - Analog Torque Input Offset 0

OO, = 0000000000 —000 o0 —
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Final version of th

Rung to initiate the program

e ladder code

_1st_SCAN Mzth CONSTANT §
H 502 5 ——{m os501]
I | Rerull
1 LI
PI_I0i=0
HC4
{RST )
Mest 2 rungs counts the sending commands per second
_lzec_Clock Copy Single
| sC7
2 Iﬂ gre B CcTo1
Readings per second
Dez m Ds100m
Receiving Sucoess Counter CT
HC2 HCTI
3 | | SetPoirt M 2994
1 up Cample k
Currert |- peapul]
_l1zec_Clock
| 3.7
|4
'TI Resel
Receiving from servo F2_30 P2_30i=0
[ s3] oS0 mo HC4
|| =1 s
4 Ill 1= 1 SET :]
reading data from serwo in D55 to D511
Receive (Port:2) MODBUS| Receiving from
. . ) Slave 10 s SO
Pz _30is0 Sending Comm int_k Function Code oz HC1
H 4 =iz Hce Slave 400005—0
5 M I H Mstr Addr 7| Recetara
Recaiving Success
iord Swap OFF @2
Fews :
Maﬁer m D85 p=i-L 84
Brrar in receiving
HC:
Erer
W O$2001]
Comm irt_k
HCc2
{sET )
[ HOP 3
Forcing a constant 5 into P2-300 IF P2-30 has 3 content of O
Send (Part:2) hODBUS Sending 3 §
F2_30 P2 a0z 0 Slave 1D 2 i 3
mbsio mo B O Function Code 18—
7 I=| || Slave 400010 |4reline '
Ll 1T Success sending §
Mstr Addr BCH
Word Swap OFF
COMETANT § P
Master [ D501 Ermor in sending 5§
HCiz
Ermor :
M O52010]
Page 1 of 4 (Total Page
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Main Program(F

Math
DD4 = 331 /120000

Current position in

mm
——{m oszo]
Resull

Sending a 5 P:_30is 0 Pz _30is 0
HCi0 H Cc4 [ C4
it N CRsTY
F2_30 P2 30is 5
mosio ms HCS
1= {our?y
This rung forces the walue in D01 to be at the most 230 mm
Target in mm Aways_0H Copy Single
\oo &30 T EsC1
|1 11 Src &30
od 1T
Target in mm
Des i+ Julud}
P2 iz § P2_30 Copy Single
BCS M D510 ms Tanget in mm
|1 -1 Sro oo
11 1=
Current target
Des m D320
Calculation to transform the linear position into rewvolations
Math Total counts
P2 300z 5 OO1 = 120000 £ 331 displaced
[ Joe] —{m ooz]
| | Resull
10
Math Dezired rewvs
OOz /10000 |—{im Ds22]
Rl
M=th Diesired counting
DOZ - D&22 = 10000 [ Juluky|
Resul
Copy Single
Desired counting
Sro i+ Julu]
Desired counts
Des m D333
Calculation to tranform the cument poasition into a linear distance
_Mways_0ON Math Raw current position
| 5C1 D055 * 10000 + D36 |—i@ D04
Resudl

Page 2 of 4 (T
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Sprocket click

Main Program(Page 3 of 4)

Sending data to the 3 registers on serwo
send (Port:2) [LTE Gending
P2 30is 5 Receiving fram szrwa Carmim int_k Slave 10 2 |12
H S HCl 15 ] Function Code 16
| ] | | ] Zervlirg
14 10 J-/I{ 1T Slave 400012 Sending Success
Mztr Addr 3 B Ci4
Word Swap aFF
Desired revs R
Master m oS3z Sending Emor
HCi5
Eror
m osz020]
Cormnm irt_k
| Cca
{ RST T -
Thiz rung transforms the data in P4-08 [ digital outputs) on servo into bits G201 to 206
_Mwaysz_0OM Copy Single
| s5C1 P4_nd
15 I I Bre mosn
Packed zervo OO0z
Daz H DH1
Copy Unpack
Packed zervo OOz
Sre H OH1
00 zervo on
Das H C: HEC216
Serve enabled Ol servo enable
HCim = Cc3m
18 [ {out?
Brake releasze
A oo
{ouTy
D1 servo enable 00 Home completed DI Clear command
H C3m @ Cz02 A Cc30z
17 || It {our)
Trigger bit D1 trigger
HC109 | C300
12 [ {our’y
Aarm reset bit D0 active fault D1 alarm reset
HCiz | czod 1 Ewschct
10 || || {out?)
Home search bit Ol Home search
ECi4 1 i)
20 || {our™y
JOG FWD bit JOG REW bit Ol JOG FuD
HCi11s EC1E HC3s
11 | LA {our’)
JOG REWbit JOG FiD bit OlJaG REY
HCi1E AC1E | C36
2 || 1A {out?)

Page 3 of 4 (Total Pages)
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Sprocket click

Copy Pack
_ﬂlwagETDN Ol zervo
Bst enable  OJ0G REY
e 1T Sre BCH1  HCHE
Packed zervo Dis
De=s B OHz
Copy Single
Pached zerva Ols
Sre H DHz
P07 D1 word
Des [ D334
Next 2 rungs counts the writing commands per second
_l1zec_Clock Copy Single
A sCT
24 ITI Sre M@ CTDZ
litings per second
D= i Os1o02
Sending Courter CTZ
| Ciz HLCTZ
25 |1} SetPoirt m 9999 —
Tl " Cormple ke
Current @ CTDz
_1zec_Clock
[1; J={oy
||
ITI Rerel
- {END )

Main Program(Pag
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