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RAPID2SERIAL MANUAL

Complete setup guide for Rapid2Serial V0.1.7

Abstract

This manual will cover the setup of the S4C controller and Rapid2Serial application on the PC.
A troubleshooting guide can be found at the end of this manual, this covers communication
problems, the most common made mistakes and solutions.

brian brocken

Brian.brocken@hotmail.be
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Introduction

This Rapid-2-Serial program can be used to send coordinates directly from a PC to the ABB S4C
controller. The Rapid-2-Serial program currently only supports milling in 3-axis.

Why would you need this?

The S4C controller is technology from 1999 and comes with floppy drives. Even if you change out the
Floppy driver for a USB one, the internal memory used to execute the program is still only 1.4mb. With
this memory size you can only execute programs with max 15.000 lines of code. Anyone who ever
worked with CNC-machines know that even the simplest programs exceed 15.000 lines. So that's why
this application was created.

How to does it work?

This program comes with a RAPID program (FULTSTQ9) that runs on the S4C controller. This RAPID
program (FULTSTO09) is needed to communicate with the Rapid2Serial program, running on the PC.

In the Rapid2Serial program you’re able to import the rapid code you would like the robot to execute.
When the Rapid code is imported and you press the “convert to serial” button, the Rapid2Serial
program will look for coordinates found in the rapid program, puts these in a serial format
"1,Xval,Yval,Zval,ChecksumXYZ" and sends these to the S4C controller. It will not send anything else,
like for example setting an output high, to the s4c controller, only coordinates.

Full functionality of the program will be discussed further in this manual.

It's recommended to use Fusion 360 to generate the milling files for the best results.



2 Setting up the S4C controller
2.1 Creating a new WorkObject: wobj10

Before we load the FULTSTO09 Rapid program onto the S4C controller we need to create a new
WorkObject named wobj10. The FULTSTO09 program uses this wobj as the origin of the workpiece.
You can also create this wobj after you loaded FULTSTO09 on the S4C controller but you'll initially get
error “40165: Reference error”, this will go away after you created wobj10.

Why is wobj10 needed?

The origin point of the workpiece in fusion 360 is X=0, Y=0, Z=0. If you would send the generated
code directly to the robot without using an offset the robot would try to start from it’s own center point
(Base coordinate system). That's why we use a WorkObject: wobj10 (Object coordinates). The values
setup in here are an offset from the Base coordinate system (see picture below). The WorkObject
allows for flexibility in choosing the starting point of the toolpath.
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Figure 1: Fusion 360 origin point
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Figure 9 The coordinate systems, used to make jogging and off-line programming easier.

Figure 2: ABB IRB6400 coordinate systems



You can follow the steps below to create WorkObject named wobj10.

1. Go to Jogging
2. Stand on wobj0
3. Press enter
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4. Stand on wobj1 (if you stand on wobj0 you won'’t be able to create a new wobj)
5. Press “New”
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6. Press “Decl”
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7. Stand on “wobj2” (can have another number if you already have other wobj, see picture below)
8. Press enter

Al Mame:=

EEEE

i8]
L

=

A Hk Ik

~irn _| _l _l _l _l _l_l_l

9|
&
L‘l 4 wobjdata Data Definition & ;l
Mame := “
ﬁl < Type:= Persistent 1 Global ] |V —l
In Module: USER,,, | | |
|<1=| a 2i2ay= O @l
=i Wobijz: fwobjdata) |V 2
robhold: = FALSE {hoal} | |
ﬁl gl ufprog:= TRUE thoaol} o |
ufmeec:= fstring}
Uframe: {pose} | J |
P1| a trans: {pos} o 7 |

Cancel oK _l ﬁ_)




9. Change the name to “wobj10”
10. Press “OK”
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You have now created a new WorkObject: wobj10.
To change the coordinates of wobj10 to the coordinates of the origin of your workpiece, follow these
steps:

12. Stand on “wobj10”
13. Press “Change”
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14. Go down to the X,Y,Z values and change them to your workpiece origin, including tool (use your
own workpiece origin coordinates, coordinates shown in the picture below are for illustrative
purposes only).

15. Press “OK”
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16. Stand on wobj10

17. Press “OK”
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If you've setup wobj10 correctly, wobj10 is selected and your mill is at the origin point of your

workpiece than X,Y,Z should indicate O or a value very close to O.




2.2 Change the Baud-rate of Siol

In order for the S4C controller and the Rapid2Serial program to communicate with each other they
need to have the same baud-rate (speed of data transmission). To prevent the robot from pausing
between data transmissions it's recommended to use the highest available baud-rate on the S4C
controller, which is 19200. Changing the baud-rate will require a restart of the S4C controller.

Follow the steps below to change the baud-rate on the S4C controller to 19200.

1. Go to “Other Windows”

2. Stand on “System Parameters”

3. Press enter
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4. Stand on “Communication”

5. Press enter
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6. Stand on “sio1”
7. Press enter

TeachPendant
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8. Stand on “Baud rate”
9. Press enter
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10. Stand on “19200”
11. Press “OK”

TeachPendant

Ak 1k He

Fov S | e _l_l

9|
— (a5 e
—l d System Farameters Communication |~ él
Fhysical Channels A _I_l_l
ﬁl A Baud rate = 3688 5 —l _l _l_l
|q=.| q| Choice List {Table} & _@l
= q{qy= |V 2 _l _l
Efele] s1ele]
il a 1298 2409 O _l
4800 5600
10 8| | B8]
p1| @ D [ p2|
Cancel oK _l_l_)
11 (e

12. Press “OK”
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13. Press enter
14. Restart the controller
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You have now successfully changed the baud-rate of Serial channel 1 on the S4C controller.



2.3 Load the FULTSTO09 program on the controller

You can follow the steps below to load the “FULTSTO09” rapid program on the S4C controller.

It's recommended to load “FULTSTO09” directly on the S4C controller from either a floppy drive or, if
you’ve already done the Floppy USB emulator upgrade, from a USB drive. If you've followed the
previous steps closely (creating and setting up wobj10 and setting the Baud rate) you shouldn’t
encounter any errors when loading the FULTSTQ9 program.

1. Go to the program window
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2. Press “File”
3. Stand on “Open”
4. Press enter
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5. Press “Unit” to select the correct Massmemory Unit (this should be “flp1” if you’re loading the
program locally from a floppy or USB drive, picture below is from a simulation which is only able to
open hard-drive locations on the PC).

6. Stand on “FULTSTO09”

7. Press “OK”

TeachPendant

Ak EF Ep

men _| _| _| _| _| _l_l_l

Open. ..
Select a Program or a Module

Bl
Massmemary Unit= £

al ™
1{1}=

FULTSTES >rogr anfe) U= ﬁl
=

1113

S

]

2

=
]
v
T

AIrDy _| _| _| _| _| _l_l_l

R N

File Edit View IFL1 [FL2

_fEJ d 3 g _;_J
Frogram Instr FULTST@2/main =
Mm.c1 | | |
B | - 2 (86} = g |
! 1 Mowel
"siol:", deRS232%R=|2 Movel | | |
|¢= | g Open "sicl:",outdevlih=|3 Mowvel O 1_ |
=i L 4 FrocCall o 2
IClear the input buffes|5 Set 15 @l
El a IClearI0BUTT deRs232: & Reset B |
IWaitTime @.1; 7 WaitTime
! 2 WaithI | -_J |
P1 | a IDecrease acceleration=|9 More |} O P2

Copy Faste OptArg {ModPos) Tests | | 3

|

|

|

|

|

= =
Cn




2.3.1 Check rotation settings

Depending on the milling configuration of your robot you might need to change the rotation settings in
“‘FULTSTQ9” (see picture below). If your axis 5 is at 90 degrees use “0,0,1,0”. If your axis 5 is at 0
degrees use “0.7,0,0.7,0”. If you use another configuration you can look at a rapid program you know
works with your robot configuration and copy and paste the rotation settings into “FULTSTO09”.

ITPWrite "Zval: "\Num:=Zval;
ITPWrite "Sumval: "\Num:=Sumval;
ITPhrite "XYZsumval: "\Num:=XYZsumval;
ITPWrite "Sumdifval: "\Num:=Sumdifval;
1
!if the checksum found in the line string is the same as the calculated sum of X,Y,Z val then the data is good.
IF Sumdifval<l THEN
Write outdevl,"OK";
Movel [[Xwval,Yval,Zval]|[@,e,1,0]}[@,0,0,0], [9E+009,69E+0@9,9E+009,9E+009,9E+089,9E+009]],v40,z1,tool@\W0bj: =wobjle;
ELSE
TPWrite "Error: Checksum difference detected”; Rotation Settings
TPlirite "Checksum difference: "\Num:=5umdifval;
Finished:=TRUE;
Write outdevl,"NK";
ENDIF
ELSE
TPlrite "Identifier not found, bad data";

Figure 3: Change rotation settings in "FULTSTO09"

0 Degrees
0.7,0,0.7,0

90 Degrees
0,0,1,0

Figure 4: Rotation of axis 5



3 Setting up the PC and Rapid2Serial program

3.1 Connection between PC and S4C controller

The Rapid2Serial program uses serial communication to send the coordinates to the controller.
Therefore a RS232 to USB cable is needed.

Figure 5: RS232 to USB cable

The USB connection goes to any port on the PC (used COM-port can be later selected in the
Rapid2Serial program). The RS232 connection goes to the “SIO1” port on the S4C controller. The
“SI01” port can be found on top of the S4C controller.

Figure 6: "SIO1" port location on the S4C controller



3.2 Setting up the Rapid2Serial program

3.21

3.2.2

3.2.3

When you start the Rapid2Serial exe (run as administrator) you should get the following screen:

a5 Rapid-2-Serial V0.1.7 - d *

ipot FAPID [ e cOMpers | St sndig dt
COM-port: R
Baud rate:

Teminal:

Note: this software
version is compatible
with ABB RAPID code
FULTSTO8 and above.

Convert to serial

Developed by Brian Brocken

Figure 7: Rapid2Serial program
Importing a rapid file

If you click on “Import RAPID” you're able to select the rapid file you would like to send to the robot.
.prg and .mod are valid files. It's recommended to use rapid files that are generated by Fusion 360.
Note that depending on the file size it can take up to a few seconds for the file to be imported.

Rapid file criteria

If your file is not generated by Fusion 360 then make sure the file meets the following criteria:

o Make sure the file only contains “Movel” or “Moved” instructions and avoid using instructions
like “MoveAbsJ”. The reason for this is that Rapid2Serial searches for 3 coordinates in every
line (X,Y,Z) and instructions like “MoveAbsJ” contain 6 absolute positioning values for all the 6
axis.

o If your file contains tool-coordinates you should delete these as the Rapid2Serial program will
send these to the robot as positional coordinates (robot targets).

Included with the Rapid2Serial program is a file called “mAdaptive2.mod” which is generated by
Fusion 360 and is known to work with the Rapid2Serial program. You can use this as a test file.

Converting to a serial format

If you've imported a valid Rapid file you can now convert this file to a serial format with the button
“Convert to serial”. The purpose of this function is to find and extract the 3 coordinates (X,Y,Z) from
every line, add an identifier in front of the serial line and add a checksum of the X,Y and Z coordinates
in the back. The checksum protects the robot from going to random places when data gets corrupted
during transmission. Sending only the X,Y,Z values ( + identifier and checksum) allows for a faster

data transmission compared to sending the complete MoveL or MoveJ instructions (less data needs to
be send).



Once you've converted the Rapid file to a serial format it's important to check if the Serial data is
correctly formatted. The format should be as follows: “1,Xval,Yval,Zval,ChecksumXYZ". Pay close
attention to the checksum, points and commas. A decimal number should have a point and the values

should be separated by a comma.

The lines below are formatted correctly

a! Rapid-2-Serial V0.1.7

AN

VERSION:1
LANGUAGE:ENGLISH
EAA

MODULE mAdaptive?
PROC pAdaptive2()

| Cutting Move Starts

Moved [[0.03,153.089,15].[0.-
0.70710678,0.70710678,00,[0.0.1.0],
[3ES.9E9,9E5,9E9,9E9.9E5]].v17.21 tocl 10
VW Obj:=wobj100;

Movel [[0.03,153.089,5].[0.-
0.70710678,0.70710678,01,[0.0.0,01,
[3ES.9E9,9E5,9E9,9E9.9E5]].v17.21 tocl 10
VW Obj:=wobj100;

Movel [[0.03,153.089,2.5],[0.-
0.70710678,0.70710678,01,[0.0.0,01,
[3ES.9E9,9E5,9E9,9E9.9E5]].v17.21 tocl 10
W Obj:=wobj100;

| Plunge Move Starts

Movel [[0.03,153.089,-8 54110 -
N7N7INR7ZAN ZNZINR7AM I NN M

Developed by Brian Brocken

Terminal:

RAFID code
successfully converted
to a Serial format.

Line amount: 27294

1,0.03,153.083,2.5,155.619
,0.03,153.089 -2.541,144. 578
03,151.742,-8 541,143 231
.53,150.328 -8.541,142.317
.828,143.616,-3.541,140.903
018,145,929 -8.541,138.406
025,143,234 -3 541,135 722
03,102.823 -8.541,95.312
03,571,634 -8.54144123
03.2.203.-8.541.-4.708
18,2.147-8.541-5.214
.337.1.845,-8.541,-5.355
466,1.538,-3.541,-5.537
661,1.263.-8.541.-5.617
9121.035,-8.541,-5.53
.207.0.877.-8.541,-5.457
.2.531,0.785,-3.541,-5.225
5222 0.643-8.541.-2676
7414,0.335,-8.541.-0.188

.10.107.1.025.-8.541,2 551
R 717 107 -8 K41 45 7M1

0
0
0
A
1
A
1
A
1
A
1
A
1
2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Figure 8: Serial data formatted correctly

The lines below are not formatted correctly.

BB Rapid-2-Serial V0.1

LR

VERSION:1
LANGUAGE:ENGLISH
AN

MODULE mAdaptive?
PROC pAdaptive2()

| Cutting Move Starts

Moved [[0.03,153.089,15]1.[0.-
0.70710678,0.70710678,00,[0.0.1.0],
[SES,9E9,5E9,9E9,5E9.9E5].v17.21 tool 10
DNWObj:=wobj100;

Movel [[0.03,153.089,51.[0.-
0.70710678,0.70710678,01,[0.0.0.0],
[SES,9E9,5E9,9E9,5E9.9E5].v17.21 tool 10
DNWObj:=wobj100;

Movel [[0.03,153.089,2.5],[0.-
0.70710678,0.70710678,01,[0.0.0.0],
[SES,9E9,5E9,9E9,5E9.9E5].v17.21 tool 10
DNWObj:=wobj100;

! Plunge Move Starts

Movel [[0.03,153.085.-8.541].[0.-
0 70710678 0 F0710R78 01 I 00 m
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|

COM-port:

ks

.

Baud rate:

Teminal:

RAPID code
successfully converted
to a Serial format.

Line amount: 27294

Figure 9: Serial data not formatted correctly

|1.D.D3.153.ﬂ3‘9.15.1531ﬂ? ]

1.0.03,153.089.2.5,153117
,0.03,153.083,-3.541,144557
0.03,151.742 -2.541,143204
,0.53,150.328,-8.541,141340
[0.828,148.616.-8.541,140903
1.018,145.523 -8.541,133406
1.029,143.234 -8 541,135722
,1.03,102.823 -3.541,34385
1.03,51.634-8.541,42136
,1.03,2.303 -8.541,-5635
A
1
A
1
A
2
2

"

8.2.147 -8 541, 6276
337,1.849,-8 541 ,-5355

466,1.538.-8.541,-5537
661,1.263.-8.541,-5617
2912,1.039.-8.541,-5550
207,0.877 -8.541 -5457
.531,0.785.-8.541,-5225
5.222 0,643 -8 541 -2676
,7.414,0.939-8.541.-1338
10.107,1.025,-8.541,2591
R1212 107 -7 Rd1 44774

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1




3.24

If you have comma’s or points missing or your checksum doesn’t equal to the sum of the X,Y,Z values
then it’s possible your regional settings in windows are not setup correctly. You can check these
settings as follows:

go to Start >type Control Panel and press enter > Region
Click Additional Settings

Make sure that for a Decimal Symbol a dot/point is selected. And for a List Separator a comma is
selected. See pictures below

(3 Customize Formai

¥ Region X Numbers | Currency | Tme | Date | Sorting|

Example
Positiver  123.456.789.00 MNegative:  -123.456.789.00

Fomats  Location  Administrative

Format: English (South Africa)

Match Windows display language (recommended) ~

Decimal symbol:

Language preferences

Date and time formats Mo. of digits after decimal: [2
Short date: yyyy-MM-dd ~ Digit grouping symbel:
Long date: dd MMMM yyyy i Digit grouping: [18.456.?89
Short time: hh:rm tt v Negative sign symbol:
Long time: hh:mm:ss tt ~ Megative number format: [-1.1
First day of week: Monday A Display leading zeros: 07

List separator: :
Examples
Short date: 2016-07-12 Measurement system: [Metric
Long date: 12 July 2016 Standard digits: [018456?89
Short time: 1204 PM Use native digits: [Never
Leng time: 12:04:55 PM

Click Reset to restore the system default settings for
| numbers, currency, time, and date,

| Additional settings...

QK Cancel Apply

Figure 10: Region settings

Selecting COM-port and Baud-rate

If you've imported the Rapid file and converted it into a serial format you can almost start sending the
data to the robot but first you have to select the right COM-port and Baud-Rate.

The Rapid2Serial programs checks which devices are connected to the PC upon startup. If you've
connected the controller to the PC after you started the Rapid2Serial program you can refresh the
COM-ports with the button “Refresh COM ports”. Be sure to select the right COM-port if you have
multiple devices connected to your PC.

After you've selected the right COM-port you can select the right Baud-rate. This should be the same
Baud-rate you’ve setup in the S4C controller (see 2.2 Change the Baud-rate of Siol). It's
recommended to use the highest Baud-rate available on the S4C controller (19200).



4 Start sending data

It's important to make sure the area around the robot is clear of people or objects before you start
sending data. It's recommended to test out the Rapid2Serial program in manual mode at a reduced

speed.

Follow these steps to start sending data to the robot:

1. Reduce speed to 75% on the S4C controller to prevent getting the error: "50082: Deceleration limit
Calculation of joint deceleration time exceeds internal limits for this motion."

2. Start the program "FULTSTO09" first on the S4C controller

3. Within 30 seconds of starting the program on the S4C controller click on "Start sending data" on
the Rapid2Serial program, the robot will now start to execute the selected program, line by line.

The “Lines send” value in the terminal box should now be starting to count up and the robot should be
executing the coordinates send by the Rapid2Serial program.

-l Rapid-2-Serial Y0.1.7

folote

VERSION:1
LANGUAGE:ENGLISH

P
LY

MODULE mAdaptive?
PROC pAdaptive2()

| Cutting Move Starts

Moved [[0.03,153.089,15]1.[0.-
0.70710678,0.70710678,00,[0.0.1.0],
[SES,9E9,5E9,9E9,5E9.9E5].v17.21 tool 10
DNWObj:=wobj100;

Movel [[0.03,153.089,51.[0.-
0.70710678,0.70710678,01,[0.0.0.0],
[SES,9E9,5E9,9E9,5E9.9E5].v17.21 tool 10
DNWObj:=wobj100;

Movel [[0.03,153.089,2.5],[0.-
0.70710678,0.70710678,01,[0.0.0.0],
[SES,9E9,5E9,9E9,5E9.9E5].v17.21 tool 10
DNWObj:=wobj100;

! Plunge Move Starts

Movel [[0.03,153.085.-8.541].[0.-
0 70710678 0 F0710678 01 I 000 m

- d

x

COM-port: |COM3  ~
Baud rate:m

Teminal:

Lines send: 22/27294
Completed: 0.1%

Developed by Brian Brocken

1.0.03,153.089,15.168.119
1,0.03,153.089,5,158.119
1.0.03,153.085,2.5,155.619
1,0.03,153.089,-8.541,144 578
1.0.03,151.742,-8.541,143.231
1,0.53,150.328,-8 541,142 317
1.0.828148.616,-8.541,140.503
,1.018,145.925 -8.541,138.406
1.029,143.234,-8 541,135 722
,1.03,102.823,-3.541,35.312
1.03.51.634,-8.541,44123
,1.03,2.303 -8.541 -4.708
1182147 -8.541,-6.214
,1.337.1.845,-3.541,-5.355
.1.466,1.538.-3.541,-5537
,1.661,1.263,-3.541,-5.617
1.912,1.039.-8.541.-5.59
2.207,0.877 -8.541,-5.457
.2.531,0.785,-3.541,-5.225
5.222 0,643 -3.541.-2676
7.414,0.935-8.541.-0.188
10.107,1.025,-3.541,2.591

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
161212107 R R4l 4R 7M1

Figure 11: Rapid2Serial program sending data



5 Troubleshooting guide

This guide can be used to solve the most common problems like communication problems, timeout
exceptions and other errors.

Problem Possible causes Possible solutions
-Timeout exception on -There’s no communication |-Make sure “FULTST09” is loaded and
the Rapid2Serial program = between PC and S4C running on the S4C controller (see 2.3

controller Load the FULTSTO9 program on the
controller).

-You didn’t start sending the
data on the Rapid2Serial -Make sure the S4C controller and
program within 30 seconds  Rapid2Serial program have the same

of starting the “FULTST09” |Baud-rate (see 2.2 Change the Baud-rate
rapid program on the S4C of Siol and 3.2.4 Selecting COM-port
controller. and Baud-rate).

-Make sure you've selected the right COM-
port (see 3.2.4 Selecting COM-port and
Baud-rate).

-Make sure you connected the RS232-to-
USB cable to “SIO1” on the S4C controller
(see 3.1 Connection between PC and
S4C controller).

-Make sure you start sending the data on
the Rapid2Serial program within 30
seconds of starting the “FULTSTO09” rapid
program on the S4C controller.

-Not being able to select |-You don’t have full -Run the Rapid2Serial program as
a COM-port in the administrator rights on the administrator

Rapid2Serial program PC
-Add the Rapid2Serial program to thrusted

-Your Firewall is blocking the | programs in your firewall. Go to Settings >
Rapid2Serial program from | Security > Windows Security > Open
accessing your PC’s COM- | Windows-Security > Firewall and

ports Network protection > Allow an app
through firewall > Change settings >
Allow another app > Click OK

-Getting the message -There is communication -Make sure the serial lines in the right
“Failed to send line xx, between PC and S4C textbox are formatted correctly. Pay close
would you like to retry or | controller but the controller | attention to the checksum, points and
cancel sending?” on the | does not accept the data comma’s. If this is not correct you might
Rapid2Serial program being send by the have to change your region settings in
Rapid2Serial program. windows (see 3.2.3 Converting to a serial

format).




-Getting the message
“Please import a valid
RAPID file first” on the
Rapid2Serial program
when trying to convert to
a serial format.

-Getting error “40165:
Reference error’ on the
S4C controller.

-Getting error “50143:
Robot axes config. error”
on the S4C controller

-Getting error “50082:
Deceleration limit” on the
S4C controller.

-Your Rapid file contains
functions that are not
supported by Rapid2Serial

-WorkObject: wobj10 cannot
be found in the controller

- Rotation settings in
“FULTSTO09” are different
from your used robot
configuration.

-Calculation of joint
deceleration time exceeds
internal limits for this motion.
Robot targets are to close to
each other

-The Rapid2Serial program is only able to
send X,Y,Z coordinates to the S4C
controller. MoveL and MoveJ functions are
accepted. Other functions like MoveAbsJ
or 10O control are not accepted (see 3.2.2
Rapid file criteria).

-Make sure you've created a wobj10 in the
controller (see 2.1 Creating a new
WorkObject: wobj10).

-Make sure the rotation settings in
“FULTSTO09” are setup correctly (see 2.3.1
Check rotation settings).

-Increase the PathResol value in
“FULTSTO09” from 175 to 200.

-Avoid robot targets (points) lying very
close to each other like for example small
detailed circles. Try to reduce the
resolution of the generated path (less robot
targets). In fusion 360 change the
“tolerance” value from 0.1 to 1mm, enable
smoothing with a value of about 0.6mm.

-Lower the speed of the robot (choose a
speed reduction value lower than 75%)
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