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Getting the Software

The following files and software are needed for this tool changer to function properly:

e DirectSOFT 5
e Generic Tool Changer Program
e M6Start and M250

DirectSOFT5
Begin by downloading DirectSOFT 5 from http://ftp.automationdirect.com/pub/DSP 53 SP.exe . You
can also go to www.automationdirect.com and find the software yourself.

This is a free demo which limits your program to 100 rungs. Currently only 37 rungs are used in the PLC
in the example tool changer program. If your tool changer is quite extensive, you may need to consider
purchasing the software directly from Automation Direct.

When you open up the software, you will see the following window:

Help

ectSOFT on the Web

i Uil

] visit AutematiorDivect
] visit Hast Engineering
] Host Forum, FAQs, Dowrloads. Description: /Automationdirect com's DL series PLC
] cTR10 WE 2 - DirectLogic PLC rogramming package

] cTri0 WE 2 - EBC + WinPLC
&l crrio we 2 - pac [wersian: |[5.3 ]
[l cTrio W 2 - Offline
i Erm workbench |Additional Info: | [Programming support is installed for:
DBWin32 Logger Directlogic 03 Series

DhiLoader Directlogic 06 Series

NetEdit 3 Directlogic 103 Series

Caloulator Directlogic 205 Series

Directlogic 303 Series

Directlogic 405 Series

0 ciusers\carhdocumentsiole tool ©
++[ encader plc working project.pri
~[ tubsbenderproject pri
[ testmodio,pri
[ eaton_leanard_tubebenderprojec
[ testing_io.pri
[ standard_io.pri
[ generic ple.pri _
[ generic tool changer.pri
=J-a) Comm Links

B 1 kS0 _'LI
0 I — 2

Done [ I

Figure 1 DirectSOFT5

Double click on DirectSOFT 5 Programming as shown above. It will ask you if you want to purchase it. If
you will need more than 100 rungs, select the option to run the demo.

Generic Tool Changer Program, M6Start, and M250

You can find all of these files on our website at www.machmotion.com/support-2/downloads.html .
Copy M6Start and M250 into the following location: C:\Mach3\macros\YourProfileName where
“YourProfileName” is the profile you are using on your control.



http://ftp.automationdirect.com/pub/DSP_53_SP.exe
http://www.automationdirect.com/
http://www.machmotion.com/support-2/downloads.html
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Setting up Mach3

To setup your tool changer, begin by configuring Mach3.

1. Start the Mach3 software.

2. Open up the the serial modbus control. Select Function Cfg’s from the menu bar and then
click on Setup Serial Modbus Control as shown below.

File Config | Function CFg's  Wiew ‘wizards Operatar
Calibrate Spindle. ..
Prograt  seyial Monitor
Calibrate MPG

| =

Farrulas

Fonts
Reset Device Sel...

Figure 2 Setup Serial ModBus

You will see the ModBus Configuration window (Figure 3).

3. The following configuration in the modbus window must be used (Figure 3). Notice that at
least 7 inputs and 6 outputs must be transferred between Mach3 and the PLC. For more
information on addressing in a PLC, see our manual Programmable Logic Controls: Using
ModBus to Interface PLCs with Mach3.

Port Mum: | 1 Baud Rate: | 33400 [0 =] T Use RTS for transmic (Rsdss)  Tmeoot [100 s Test ModBus
¥ ModBus Run r\Io error

Enabledl Comment or |PortIAddress| Slave # | Refresh | Address | # of | Direction | =

OnjOFf | Device | | 0-10 | 25ms Incr. |MndHus(Var)| Registers | Input Qutput |
Cfg #0 |[X] PLC - Inputs 1 g 25 640 7 Input-Halding
cfg#1 |[X] PLC - Output 1 5 25 788 & Output-Holding
crg#z [ 1 1 a0 1] 1 Input Reg
cfg#3 |[] 1 1 50 1} 1 Input Reg
Cfg#4 [ 1 1 a0 1] 1 Input Reg
cfg#s |[] 1 1 50 1} 1 Input Reg
Cfg#6 [ 1 1 a0 1] 1 Input Reg
cfg#7 |[] 1 1 £0 u} 1 Input Reg
Cfg#8 [ 1 1 a0 1] 1 Input Reg
cfg#9 |[] 1 1 &0 u} 1 Input Reg
Cfg #10 [] 1 1 a0 1] 1 Input Reg
Cfg #11 |[] 1 1 =0 u} 1 Input Reg
Cfg #12 [] 1 1 a0 1] 1 Input Reg
Cfg #13 |[] 1 1 ) a 1 Input Reg
Cfg #14 [] 1 1 a0 1] 1 Input Reg
Cfg #15 |[] 1 1 ) a 1 Input Reg
Cfg #16 [] 1 1 a0 1] 1 Input Reg
oo NG o sy

aoaly | =

Figure 3 ModBus Configuration



6|P

age

4. From the menu bar select Config, then press General Config...

Mach3 CNC Licensed To: Mach Motion Serial:10121000

File | Config Function Cfg's View izards Operator Plugln Control  Help

Select Mative Units
P Ports and pins

DI Att2) | Tool Path altd) | offsets (Ales) | Se

Eor Tu

System Hotkeys
Homing/Limits
ToolPath

Slave Axis
Backlash
Fixtures...
ToolTable.....
Config Plugins
Spindle Puleys..
Safe_Z Setup..
Save Settings..

Figure 4 General Config

The following window will appear:

General Logic Configural

G20,G21 Contral r— Editar Shuttle Wheel Setting Inputs Signal D ebouncing/Maise rejection
lrl_ Lock DRO's o setup units ‘ GCode Edior _Biowse | Shuttle Accel Debounce \nler\dallD Sl
- Tool Change I\W’indows\NDtepad.exe ID o4 Seconds Index D ebounce IU

" |gnore Tool Change - -

" Stop Spindle. Yait for Cycle Start. - Startup Madal - General Configuration

& futoT ool Changer

—&ngular Properties
Unchecked for Lingar

W Az is Angular
W B-duiz is Angular
¥ C-dwis is Angulsr

[~ Use Init Sting on ALL "Resets"
|nitislization String

G830, M251

% Constant Velocity ¢ Exact Stop

I Mode
& Absalute © Inc

Maotian Mod ‘

Distance Mode
@ Ahsolute © Inc

— Pam End or M30 ar Rewind
I Tum off all outputs
™ E-Stop the spstem
™ Perform G321
I Remave Tool Dffset
™ Radius Comp Off
¥ Tum Off Spindle

MOT Control
[F Stop on M1 Command

r Serial Output

ComPork # |1_ BaudRate ISEUU

@ @Bit15top © 7EBit2Stop

r~ Program S afety

[ Program Safety Lockout
Thiz dizables program tranzlation while the
Extemal Activation #1 input iz activated

Active Plane of Movement
* wy Oz O R2

—Jog Increments in Cycle Mode

Position 1 |1
0.1
0.0
0.001
Hs= S8t oo
indicate a
Continous Jog 1
selection |01
0.0

.01
Position 10 {0.0001

EE

[~ Zis 250 on Dutput HE

¥ Home Sw. Safety
LookAhead |20 Lines

[~ Ignore M calls while loading
[~ M9 Execute after Block
™ UDP Pendent Cantral

[~ Run Macmo Pump

[~ ChargePump On in EStop
¥ Persistent Jog Mode.

¥ FeedOverRide Persist

™ Ho System Menu in Machd
[ Use Key Clicks

I™ Hame Slave with Master Axis
™ Inchude TLO inZ from 531

~ Rotational

™ Fiat 380 rallover

[~ &ng Shaort Raot on GO
[ Fiotational Soft Limits

¥ Lock Fiapid FRO to Feed FRO

™ HiRes Sereens

v Bowed DRO's and Graphics
¥ Auto Screen Enlarge

¥ Flash Errars and comments.

~Sereen Control——————————————

¥ Dizable Gouge/Concavity Checks

I GO4 Dwellin s

¥ UsewatchDogs

™ Debug This Run

¥ Enhanced Pulsing

™ llaw Wave Files

™ Allow Speech

™ Set Charge Pump to SKhz - Laser Stndby
[~ Use OUTPUT20 as Dwell Trigger

I NoFRO on Queus

|1UEI Turn Manual Spindle Iner.
|1U Spindle OV increment

CY Control
™ Plasma Mode

¥ C¥ Dist Tolerance I180 Units
¥ G100 Adaptiva MurbsCy

™ Stop C¥ on angles > ID Degrees

&z DRO Properti

I Tool Selections Persistent.

v Optional Offset Save

¥ Persistent Offsets

™ Peisistent DROs

I Copy G54 from G59.253 on startup

Figure 5 General Logic Configuration

5. Select Auto Tool Changer on the far left of the window.

0K |

Toal Change

" Ignore T ool Change

™ Stop Spindle. ‘W ait for Cycle Start,

& AutoT ool Changer

Figure 6 Auto Tool Changer
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6. In the Initialization String box, add “,M250” to the current text. This will run the
initialization macro when the control turns on.

General Logic Configuration

G20,G21 Contral — Editar
’7|_ Lock DRO's ta setup units ‘ GCode Editar  _Browse |
Taool Change I\W’indows\Notepad.exe
" |gnore Tool Change
" Stop Spindle. \Wait for Cycle Start, ~ Startup Modal

& AutoT ool Changsr

I Use Init Stiing on ALL "Fesets”

Initialization String

Angular Properties
Unchecked for Linear

V' Atz is Angular
W B-fuis is Angular

IGSD, w250

' Constant Yelocity

" Mation Mode

" Exact Stop

Figure 7 Initialization String

7. Then press OK and the General Logic Configuration window will close.

Mach3 is now configured to interface with your PLC.

Timeout Error

If the control tells the PLC to change tools and B1200.15 stays on for longer than 20 seconds, the control

will give you the following timeout error: "Tool Change is not Complete."

To change this timeout value, select Operator and then VB Script Editor. Open M6Start which will be

found in C:\Mach3\Macros\YourProfileName.

Change the variable TimeOut to whatever you want.

Ml M6Start - Mach3 VB Scipt Editor

Fle Edt Run Debug BreakPaints

—inixi

'correctly or not |
1121710
‘Carl Eldredge

Din Nun As Integer
Din Number As Integer

Sub Hain

TimeOut = 20 ‘20 Seconds

' Inputs'
Finished = 1600
CurTool = 1605
MaxTool = 1606

mtputs'* '
StartVal = 1500
ComTool = 1505
CurrentTool =

GetlserDRO(CurTaol )

(o

MaxToolWun = GstUssrDRO(MaxTool) ' 'From PLC

&> Mbhm| @) Er E-

e ) .
e e
R

CrtUtDesordption’ T tUUUrortiriiirriieirenie

'Tells the PIC vhich tool to go to and when to do it. Notifies Mach3 if it worked

[Ready

y
[e e hw[

Figure 8 Change the TimeOut Value
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Setting up Your PLC

With Mach3 setup, it is time to configure your PLC.

1. Open the Generic Tool Changer project in DirectSOFT 5. Click File on the menu bar and then
select Open Project.

2ctSOFT 5 Programmi

ic Tool Changer - [Ladder Viel

Ble | Edit  Search Yew ook PLC Debug iwindow Help
New Project v | s |
LR
oz open Project... Too || | cuf C te | 1
s Close Projert 7 %
o e .
Save Project 3 —
I | -
&7 Save Project As... —
Bl Backup Project...
BeadProgram pdfecs st =]
wirite Program ’
Import » 3 STR
1 e
wady Print Preview. .. 15 STR
 Print... P 19 STR |
Zi ek ... 23 STR
. 27 |BEHSTR
g Print Setup... f =
. Properties r
1 GENERIC TQOL CHANGER.FR] | HA|
2 GENERIC PLC.PRI N
3 DUMMY TOOL CHANGER PRI [ Steus =
4 STAMDARD_I0.PR)
A Ext
=T

Figure 9 Open Project

You should see the following:

ectSOFT 5 Programming - Generic Tool Changer - [Ladder View] o[- S|
Fle Edt Search View Tools PLC Debug Window Help
S EDIT & | g | p@ ? 72 Sy g [ P
RO o e Goen sl | MOOE 5 | CT° com e | Md e Binde | G Tovie S0k | DSP 1o -
—— N o=
== Flea | 1]
o | 5 Bzl L 4L B
Stage View | Ladder View | b x [N
[+ Elelalr] 2l Mot
_FirstScan LD W
Element Rung |Address| Instruct sPO e
SFO [ ] STR [ - - =
_FirstScan 4F
2 3 STR ouT e
3 7 STR Maximum Mumber of +E
4 11 STR Taols F3
9 1208
5 15 STR —_—
5§ 13 STR_| ~F2
7 23 STR Toal 1 Arrived LD
5 27 STR _FiretScan ~F3
SPO il K1
9 Ell STR . 2 |} 1 | 4rk
4 » L Ik
out H1k
Current Tool ShiF3
hall| = = I 1208
Element [ Status ii _—
|1 V1200 Tool 2 Arrived o
2 1400 _FirstScan
BN SPO A1 —|
3 K2
M 3 =l Il £k
15 ouT <+
|8 | Current Toal <
L7 Y1205
L _I;I E
{ Tool 3 Arrived
1 v
_FirstScan N | LI §
B
&

Orline:06 KSeq

]
[ RG] [pots0joTesn 06

For Help, press F1 O

Figure 10 Generic Tool Changer
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2. Enter in your maximum number of tools. Press the red button called EDIT MODE to be able to
change the program.

FirstScan
= LD
SPO

L — K8

ouT
Maximurm Murmber of
Tools
= Y1206

Figure 11 Max Number of Tools

The above example only uses 8 tools.

3. Add more initialization rungs for however many tools are needed. The tool changer initialization
that tells your control what tool is currently loaded. Rungs 2-9 load the current tool position into
register V1205. This value is used to reference your control with your tool changer when the
control first turns on.

Tool 1 Arrived
_FirstScan =
SPO M0
K1
2 = | [}
ouT
Current Toaol
= w1205
Tool 2 Arrived
_FirstScan =
SPO Bl K2
3 —| | I
ouT
Cutremnt Taal
™ w1205
Toal 3 Arrived
LD
_FirstScan
SP0 X2
K3
¢ — | |
ouT
Current Toal
™ w1208

Figure 12 Find Current Tool

As shown above, depending on what input is active, the PLC knows what position the tool changer is
in. Just copy the existing rungs to add another one. Notice that is routine is only run during the first
scan. From then on, the only way to change the tool position is to receive an actual command from
your control.
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4. Depending on how many tools are needed, copy the existing example of the of the tool changer

20

start rungs.

The V memory location V1405 is the commanded tool from your control. When the M6Start
macro is run in Mach3, it turns on B1400.15 for 500ms. That turns on B1200.15 which tells your
control that the tool changer is currently changing the part. As long as the commanded tool and

Figure 13 Start Rungs

Commanded Tool Tool Change Completed Tool 4
Lo Active
1405 K4 B120015 C4
[ =1} | { r0 )
Commanded Tool Tool Change Completed Tool &
Low Active
1405 K5 B1200.15 (o1}
=1 [} ( po )
Commanded Toal Tool Change Completed Tool B
Loy Active
Y1405 KB B1200.15 CB
[ =1} | (ro )
Commanded Tool Tool Change Completed Taonl 7
Lo Active
Y1405 K7 B120015 [ox)
[ =1} | { r0 )
Commanded Tool Tool Change Completed Tool &
Low Active
1405 K8 B1200.15 c10
| ( ro )

the current tool are different and the start command is received (B1400.15), the coil

corresponding to the commanded tool will turn on for one cycle (PD). B1200.15 also starts the
tool changer routine.

To add another tool, copy the rung for tool 8. Change the constant that V1405 is compared with

and the coil that it turns on.

Program your specific tool changer. Each tool has a specific coil that is turned on for one PLC

scan. This coil starts your tool changer.




27

28

4 Y3
— ( et )

Toold
C14

{ seT )

Toold Tool 4 Arrived Toold
C14 H3 c14
—| [} ( ReT )

Tool Change Completed
Lowe Active
B1200.14
RST

v3
{ peT )

LD
K4

ouT
Current Tool
1205

Figure 14 Tool Changer Routine

In the code above, C4 is only energized for one scan. In that time it turns on the output Y3 and
C14. The PLC continues to scan the program until the input X3 is activated (Tool 4 Arrived).
When that happens, C14, B1200.15, and Y3 are reset. When B1200.15 goes low, it tells the
control that the tool change is complete. The new tool number is also loaded into the current
tool memory (V1205). See the Appendix at the end of this document for a layout of all the V
Memory used in the generic tool changer program.

In the example above, rungs 27 and 28 are where you will do most of your programming. Here
you can add a stepper motor system which will rotate until the desired tool is reached. There is
no limit to the number of ways you can program this tool changer. However, whatever you do,
make sure not to forget these 4 vital steps:

e Tool Coil (C14 in the example above) must be reset.
e B1200.15 must be reset.
e Current tool must be loaded into V1205.

If the tool change is complete (B1200.15 is low) but the current tool does not equal the
commanded tool, then Mach3 will give a pop up error stating, “Tool Change Failure.” If the
control tells the PLC to change tools and B1200.15 stays on for longer than 20 seconds, the
control will give you the following timeout error: "Tool Change is not Complete." For more
information see the section called Timeout Error above.

TIP: Study the manual for your specific PLC to learn how to program it. Automation Direct offers
many very helpful examples in all of their manuals.
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6. Add more tool change routine rungs if more tools are needed. After you have one rung
programmed for your machine, it might be easiest just to copy it multiple times and then make
the changes for each specific tool.

Tool &
ci10 Y7

ct L ( ge7 )

Toolg
20
{ seT )

Toolg Tool 8 Arrived Toola
cz20 T cz20

w | '] (ret )

Toal Change Completed
Loy Active
B1200.15
{ ReT )

Y7
{ a7 )

LD
KB

ouT
Current Tool
= %1205

7 { eno )

Figure 15 Adding More Routines

Underneath the 8" tool routine, you can add as many tools as you need.

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk 3k 3k 3k 3k sk sk 3k 3k 5k 3k 3k sk 3k 3k 5k ok 3k %k 3k 3k 5k 5k 5k %k 3k 3k 3k sk 3k %k 3k 3k 5k 5k 5k %k 3k 3k 3k sk %k %k 3k 3k 3k 5k %k %k ok ok %k %k k kkokok

WARNING

Your program will not run without an END statement.

3k 3k 3k 3k 3k 3k sk 3k 3k 3k sk sk sk sk 3k 3k 3k sk sk 3k 3k 3k 3k sk sk 3k sk 3k 3k sk sk 3k 3k 3k sk 3k sk 3k 3k ok 3k sk sk 3k 3k 5k sk sk sk sk >k 5k sk sk sk sk 3k 5k sk sk 3k sk ok sk sk %k sk k sk sk sk sk sk ki kok
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Appendix

These tables show the allocation of V memory V1400-1406 and V1200-V1206.

PLC Inputs PLC Outputs
V Memory Function V Memory Function
V1400 Status Register V1200 Status Register
V1401 Reserved for 1/0 V1201 Reserved for I/0
V1402 Reserved for I/O V1202 Reserved for I/O
V1403 Reserved for I/O V1203 Reserved for I/O
V1404 Reserved for I/0 V1204 Reserved for I/0
V1405 Commanded Tool V1205 Current Position
V1406 Unused V1206 Max Number of Tools

Below is the layout of each bit in the output status register V1200.

V1200 Status
Register Function Active Low

Bit 0 Communication Check

Bit 1 N.C.

Bit 2 N.C.

Bit 3 N.C.

Bit 4 N.C.

Bit 5 N.C.

Bit 6 N.C.

Bit 7 N.C.

Bit 8 N.C.

Bit 9 N.C.

Bit 10 N.C.

Bit 11 N.C.

Bit 12 N.C.

Bit 13 N.C.

Bit 14 N.C.

Bit 15 Finished Moving Low
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Below is the layout of each bit in the input status register V1400.

V1400 Status
Register Function Active Low

Bit O Communication Check

Bit 1 Emergency Stop Low
Bit 2 N.C.

Bit 3 N.C.

Bit 4 N.C.

Bit 5 N.C.

Bit 6 N.C.

Bit 7 N.C.

Bit 8 N.C.

Bit 9 N.C.

Bit 10 N.C.

Bit 11 N.C.

Bit 12 N.C.

Bit 13 N.C.

Bit 14 N.C.

Bit 15 Start Moving High




