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Getting the Software

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

® DirectSOFT5

® Tool Changer Program

e Me6Start, M250, and ModBus.cfg
® MachMotion.dll

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:

L] wisit AutomationDirect
L] wisit Host Engineering

1] Host Forum, FAQs, Downloads. . Description. [Automationdirect.com's DL series PLC
CTRIO W 2 - DirectLogic PLC FOgraMMINgG package.

CTRIO WB 2 - EBC + WinPLC

[version ||EE] ]

CTRIO WE 2 - Offline
ERM Workbench

Additional Info:] [Prograrming support is installed for
Direct_ogic 07 Series

Direct_ogic 06 Series

Direct_ogic 105 Series

Direct_ogic 205 Series

DirectLogic 305 Series

DirectLogic 405 Series

[ ciusersicarfidocumentsiplc tool ¢
[ encoder plc working project.prj
[ tubebenderproject. pri
[ testmodio,pri
[ eaton_leanard _tubebenderprojec
[ testing_in.prj
[ standard_jo.prj
[ generic ple.pri
[ generic tool changer prj
[a] Comm Links

B e ke _,;I
N R — | x
Dane o [ 7

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.

Tool Changer Program, M6Start, M250, ModBus.cfg, and MachMotion.dll

You can find most of these files on our website by downloading the zip file “PLC Programs & Macros” at
http://www.machmotion.com/support-overview/documentation.html. Open the file for your PLC type

(DLO6 or DL205). Copy all the files in the macros folder to the following location:
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C:\Mach3\macros\YourProfileName where “YourProfileName” is the profile you are using on your
control. The folder called PLC Program contains the correct PLC program for your PLC.

Next download the latest MachMotion plugin (MachMotion.dll) here: http://machmotion.com/support-

overview/downloads.html. Copy the plugin to the following location: C:\Mach3\Plugins.
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Setting up Mach3

To setup your tool changer, begin by configuring Mach3.

1. Start the Mach3 software.

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

Mach3 CNC Licensed To: Mach Motion Serial:10121000

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

Select Native Units U

el DI (alt2) | Tool Path (ait) | Ofiers aies) | se
. Motor Tuning
System Hotkeys
HamingfLimits
ToolPath
Slave Axis
Backlash
Fixtures....
ToolTable. ...
Canfig Plugins
spindle Pulleys.
Safe_Z Setup..
Save Settings..

Figure 2 General Config

The following window will appear:

General Logic Configuration

Inputs Signal Debouncing/Maise rejection

Debounice Interval|0
% 40us

Index Debounce In

G20.G21 Cantrol i~ Editar Shuttle ‘wheel Setting
’7|- Lock DRO' to setup unit GCode Editor Brovise Shuttle Accel.
~Tool Change———————————————— |\W’indows\Notapad.exe |U_UU4 Seconds

= Ignore Tool Change

~ Stop Spindle. \Wait for Cycle Start, — Startup Madal - General Canfiguration

% AutoT ool Changer o _|_ Use Init Sting on ALL "Resets" I Zis 250 on Output #5
—Angular Properties———————————— l_‘glgzljzﬁg%q S M Home Sw. Safety .

Unchecked for Linear Lookéhead |20 Lines

IV Aduis is Angular Motion Mode I™ Ignore M calls while loading
[l sis s ngular |7 ' Constant Welocity — © Exact Stop | I M9- Execute after Block

™ UDP Pendent Contral
v C- Dist: Mod 1) Mod
[V Ctwis is Angular HETEG L I 5 I Run Macro Pump

_ " pheolute © Inc | Absolute € Inc
—Pam End or 30 or R ewind )| I~ ChargePump Onin EStop

I~ Tum off all outputs ’zﬁtwe F‘Ianrg.of MD\’EFBN ¥ Persistent Jog Mode.
I™ E-Stopthe system A e e ¥ FeedlverRids Persist

MOT Contral 0.01 - Ratational
’7|7 Stop on M1 Command .00 ™ Rot 360 rolloves

~ Serial Dutput ———————————— Use 93310 [mmms [ 4Ang Short Rct on GO
ComPort # [1- BaudRiate [3500 indicate 8 — [¥ Rotational Soft Lirits

I Perform G321 I~ Mo System Menu in Mach3
™ Remave Tool Dffset r—Jag Increments in Cycle Mode —————————————— ™ Use Key Clicks
N
™ Radius Comp Off ™ Home Slave with Master Axis
r i Aciuas La] rom
Tuin Off Spinde bty I Include TLO inZ from G31
0.1 ¥ Lock Rapid FRO to Feed FRO

< 1
= 8Bt1Slop ( 7Bit 25top e ~Screen Conlrol
selechion. o
= aaieh 00 ™ HiRes Sereens
ALt . ¥ Boxed DRO's and Graphics
™ Program Safety Lockout IU'UEH W #uto Screen Enlarge
This disables program translation whils the Pasition 10 IU.UDm ¥ Flash Ermars and comments

External Activation #1 input is activated.

¥ Disable Gouge/Concavity Checks

™ GO4 Dwellin ms

¥ Use'watchDogs

[ Debug This Run

¥ Enhanced Pulsing

™ Allow Wave Files

I~ Allow Speech

[ Set Charge Pump to Skhe - Laser Stndby
™ Use OUTPUTZ0 as Dwell Trigges

™ Mo FRO on Qusue

100 Turn Manual Spindle Incr.
|1U Spindle 0V increment

CV Control

[ Plasma Maode
[ CV Dist Tolerancs I180 Urts..

v G100 Adaptive MurbsCy
[~ Stop C¥ on angles > IEI Degress

~dwiz DRO Properti

[ Tool Selections Persistert.

¥ [Optional Offset Save

¥ Pesistent Oifsets

I Persistent DROs

™ Copy G54 from G59.253 on startup

Figure 3 General Logic Configuration

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

oK |
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T ool Change
" Ignore Tool Change
" Stop Spindle. " ait for Cycle Start.

" AutoT ool Changer

Figure 4 Auto Tool Changer

4. 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 - Editor
’7|_ Lock DRO' bo zetup units GCodeEditar _Browse |
Tool Change I\W’indows\Notepad.exe
" Ignore Tool Change
" Stop Spindle. \Wait for Cycle Start ~ Startup Modal
& AutaT ool Changer ™ Use Init Sting on ALL "FResets"

Initialization String
Angular Properties—————————————— IGSD, M50
Unchecked far Linear
¥ Az iz begular (Motion Mode
& Corstart Velocity ¢ Ewact 5t
[V B-tiiz is Angular i b

Figure 5 Initialization String

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

6. To enable the new MachMotion.dll, click on Config, then select Config Pluglns.

7. Enable the MachMotion—MachMotion.com-Ver-X.XX plugin by clicking on the red X under
the Enabled column as shown below.

x
Enabled | FlugIn Mame | Config 1=
wf Flash-FlashScreen-SWwE-PlugIn-A.Fenerty--B.-Barker-Ver-... | CONFIG
4 JCode-Artsoft---B.Barker-Ver-1.2.0 CONFIG
® JowStick-JovyStick-PlugIn--art-Fenerty-ver-1.0a CONFIG
o M3dspMC-dspMC-Plugin-3, 14-YITAL- CONFIE
' MEHIC M-y, WS99, com-HICON-0,23 COMFIG
wf MachMation---MachMotion. com-Yer-4,17 CONFIG
4 PendantPLC---MachMotion, com-Yer-2.0 CONFIG
o Pokeys-artSoft---Barker-B.-Yer-0,001 CONFIG
wf Pokeys0----A.Fenerty-3,Shafer-¥10.4 CONFIG =
wf ShuttlePro-Contour-Shuttle-Pendents---A, Fenerty-Yer-2,.61 | COMNFIG
® TubeBender---MachMotion,com-ver-2.0 CONFIG -
'<| o

Figure 6 Enable Plugin
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8. Restart the Mach3 software.

9. Open up Config->Config Pluglins again.

10. Select the yellow CONFIG button for the MachMotion—MachMotion.com-Ver-X.XX plugin.
11. Next select the System Configuration button.

12. Select the check box Modbus Enabled (Switch Panel, Pendant, or PLC) as shown below.

System Configuration ﬂ

It Configuration
Drive Fault Input Delay I 40ms Increments

Cycle Stark I <
Feedhald I = External EStop Input Delay I 40ms Increments
Cycle Stap I - Feedrate Delay
Oiler Fault I d

— Oiler Cutput
Motor Fault I hd Time On in Seconds — Time OFF in Minutes

Oiler I - I I

Spindle Fault: I e
(Lgy Flosauie I - i~ User Defined Messages

:

Drive Fault Iﬁ No Action | I j
Feedhold =

External EStop Iﬁ G I I J
l—_[ EStop | | r

Spindle REY - o I I j

Spindle FWD I -
Daar Switch I = —DROs LEDs Lables
Curt Geode Line Label

Manual Mode I 4
Curr Geode Line X DRO
Coll Detect I i

Gl betscar Curt Geode Line ¥ DRO

~ Special Funckions Control Paneks
[~ Interpreter Mation Controller [V %15-10-01 USE Operator Panel
[~ Modbus MPGs Disabled (For Interprater) ™ %15-10-01 Ethernet Operator Panel
[V Modbus Enabled (Switch Panel, Pendant, or PLC) [~ ¥15-11-01 MPG Panel
[~ Feedhold Buttan into a Cycle Stop Button [¥ %15-20-01 Pendant
[ Enable Spindle Brake (Output #19) [ Use Pendant Without ModIO
[~ wait for Spindle to Get up to Speed Befare Starting Mation [~ Disable Pendant Enable Butkon

Save I Cancel

Figure 7 System Configuration

13. Next press Save and close out of all the open windows.

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.
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Change the variable TimeOut to whatever you want.

MGStart - Mach3 YB Scipt Editor

File Edt Run Debug BraakPoints
&P Mm@ M Ex E-

e

NIIILLII TIPS ITODL CRENGETS S P 1S 1T I TIPS TP IS
R s

e o
'Tells the PLC which tool to go to and when to do it. Notifies Mach3d if it worked
‘correctly or not.|

'12-17-10

'Carl Eldredgs

Din Num As Integer
Din Humber is Integer

Sub Main

Tin=Out = 20 '20 Seconds

nputs .
Finished = 1600
CurTool = 1605
HaxTool =

‘1 'Outputs’ '
StartVal = 1500

ConTool = 1505

CurrentTool = GetUssrDRO(CurTool)

MaxToolNun = GetUserDRO(MaxTool) ' 'From FLC

Ready [ ln9 C19 |

[Nom [

2

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

Tool Changer - [Ladder ¥ies

Debug  Wwindow Help

Open Project... o o '% P@lz

Clase Project ﬂ“ %
Info -

Save Project »
I—

& Save Project fs.., —
Bl Backup Project. ..

Read Program

Mew Projsct »

4

]
1

Address | Instruct « |

0 |EEsTR

Write Program 3
Import » 3 STR
Export »

Ly Frint Previw. .

“ kP

=

5o Print Setup...

o Properties

1 GEMERTC TOOL CHANGER.PR]
£ GEMERIC PLC.PR]
3 DUMMY TOOL CHANGER.PRJ I Status -

4 STANDARD_1O.PRI

L Exit

Figure 9 Open Project

You should see the following:

ectSOFT 5 Programming - Generic Tool Changer - [Ladder Yiew] —151 ]

File Edt Search Wiew Tools PLC  Debug  ‘Window Help

o | EDIT &5 | 1 (& p@ ? ok Ly ey W P
bl PR RS R N A - POk PR A
| —— | @ =
Xakm ke . 5«
Stage view | Ladder view | b x
EEE el sl 3=
Elerent Rung [Address| Instructa] ~ ey Lo @;
SPO 1 [i} EH sTR 1 = [k s
_FirstScan 4F
2 3 STR ouT Fz
3 7 Maximurn Number of +E
4 1 Tools =
: 5 1206 o
5} 19 “F2
7 73 Tool 1 Arrived
_First3can FL #F
g 27 F3
SPO pal K1 o
| Il I e
K} Shifz
Datal auT 41k
Current Toal Shifra
B E 2 1 Y1205 =
Element [ Status - T B
|1 V1200 Toal 2 Arrived 1
B V1400 _FirstSean ke it
5 SPO ®1 —
3 K2
4] 2=l I Lk
N ouT <+
16| Current Tool =
7] Y1205
] — 1
Taol 3 Artiverd
_First3can ED §
B
daire
]
For Help, press F1 o3 [ Onine:ekseq  [INRGAL] [D0180/07ER0 06

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

_FirstScan
SF0 -
L S K8
ouT
Maximum Mumber of
Tools
™ W1206

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 Artived
_FirstScan =
5P0 X0
K1
2 —l I
ouT
Curremnt Tool
™ w1205
Tool 2 Artived
_FirstScan =
5P0 1
K2
3 —l I
ouT
Curremnt Tool
™ w1205
Tool 3 Artived
_FirstScan =
5P0 X2
K3
4 —l I
ouT
Curremnt Tool
™ w1205

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 Toal Tool Change Completed Tool 4
Lo Active
V1405 K4 B1200.14 4
=} | { ro )
Commanded Taol Toal Change Completed Tool &
Lowe Active
V1405 K5 B1200.15 (o1
[ =1} | (ro )
Commanded Tool Toal Change Completed Tool &
Lo Active
w1405 KB B1200.15 CH
=1 | ( Po )
Commanded Toal Tool Change Completed Tool 7
Lo Active
V1408 K7 B1200.15 cT
[ =1 | { ro )
Commanded Toal Tool Change Completed Tool 8
Lo Active
w1405 Kg B1200.14 [S31]
! { 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

c4 v3
L { =se7 )

Taoold
c14

{ se7 )

Toold Tool 4 Arrived Toold
c14 H3 C14

—| | Il (st )

Tool Change Completed
Lo Active
B120015
RST

¥3
{ RreT )

LD
K4

ouT
Current Tool
V1205

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 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:

® 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 8
c10 Y7

36 ] | ( geT )

Tool2
c20

{ seT )

Tool2 Taool 8 Arrived Toold
c20 KT c20
38— | [} ( Rst )

Tool Change Completed
Lowe Active
B1200.145
{ rsT )

Y7
{ RraT )

LD
&

ouT
Current Toal
= 1205

37 { Enp )

Figure 15 Adding More Routines

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

3k 3k 3k 3k 3k ok ok 3k ok ok 3k 3k ok 5k 3k sk %k 3k 3k 3k 3k 3k ok 3k 3k sk ok 3k 3k ok 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k 3k sk %k 3k 3k sk 3k 3k ok 3k 3k ok ok 3k 3k %k 3k 3k ok 5k ok ok %k ok ok %k sk ok sk k ok kk ok k

WARNING

Your program will not run without an END statement.

ok ok ok ok ok ok 3k o ok oK oK ok 3k ok ok oK oK ok ok sk o oK oK ok ok ok ok ok oK ok ok ok ok kK oK ok ok sk ok kK ok sk sk kR R oK ok sk sk kR R Kok sk kR Rk ok ok kR R Kk ok ok k ok kK K
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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 I/O V1201 Reserved for I/O
V1402 Reserved for I/O V1202 Reserved for 1/O
V1403 Reserved for I/O V1203 Reserved for 1/O
V1404 Reserved for I/O V1204 Reserved for I/O
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 O 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 0 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




