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Your Tube Bender Control

Congratulatios on purchasing your Madhotion Tube Bender Controlhissoftwarewas designed to
be very simple and easy to learn, while not compromising on functiondlitytfersyou complete
control of eachof the functions of the machinen additionto many complicated automatigrocedures.
In this manual you will findwerything you need t&now tooperateyour tube bender.

b20SY ¢KA& AA2M dza SINID 20 KSHNOQEF Y ydzl £ H ¢ K37
know the basics of tube benders and their functions
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Emergency Stop
yT AAOGA 1T &£ A1 Ai AOCAT Auh DPOAOO OEA 1 AOCA
(Figure 3 on pagel0). DO NOT PRESS FEED HOLD OR CYCLE STOP! All motion will
stop immediately.
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Getting Started

Tooperate your machinehegin by turning on the computer. Rotate and release the key on the back
right hand side of the controWWhen the computeis on double click on th&ube Bendeicon on your
desktop(Figurel).

Lrstart| | & m I £ [# % () ns7em m

Figurel Tube Bender Icon
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Warning

Severe damage may be caused to the control hyrming off the power of the tube
bender without first shutting down the control properly. See Shutting Down the
Control on page 69.
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TheMach Motion Tube Bender Contrwill open.

Mach3 CNC Controller

File Config Function CFg's View Wizards Operator Plugln Control Help

Figure2 Mach Motion Tube Bender Control

This control has three modeRun Mode Manual Mode, andBending SequenceBeforeyou can
proceedto any of the modeghe tube bender must be homedo home pull out the ESop button on
the 2 LIS NI pén2| $&egigure3 below.



Figure3 Operator's Panel

Then press th&esetbutton as shown below:

Figure4 Reset Button

Now click on theHome Machinebutton (Figure2 on page9). When the tube bender has stopped
moving,the homing routine has completedilow you ca proceed to the other mode®uring normal
operation you can use the three buttons at the bottom of the screen to switch modes. Whichever

button is selected will be lit up by LEBagureb).

Figureb Different Modes

Note: If for some reason you had to operate the tube bender before hoiffiogexamplethe machine
was coming out of an emergency condition and the pipe was jammed up, you can navigaieua
Modeby pressing the smailanual Modebutton at the bottom of the screeffrigure2 on page9).
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Manual Mode

In Manual Modeyou have complete control of your tube bender. Each furgtsuch as the pipe clamp
andpressure die, can be operat@dthis mode You can also do manual bends. This is a good place to
start when learninghe control.

In this section you are going beginby learning howo operate the Y, B, and Cesx Theryou willalso
discover how to operate each of the other functions of the tube bender independently. Finally you learn
what semi-auto mode is and how to use o begin, lick on theManual Modebutton (Figure2 on page

9). You will seehe following screen:

Mach3 CNC Controller
File Config FunctionCfg's View Wizards Operator Plugin Control Help
[]

Figure6 Manual Mode
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The Carriage

The carriage, or Y axis, can be moved forward or backwards. All moves are incremeatahgthat
the carriage moves hoswver far you command it tmovefrom thecurrentposition The firstinput field
on the left of the screen labeled is the distance for the carriage to mogeigure?).

Figure7Y Input Field

The distance value is in inches or millimeters depending enyaur machine is configure&€eUnit on
page64). To move the carriagenter your distance into the input fieland click theRunbutton next to
it. The carriagevill move the distance that you commanded it

If you command it to move farther than the machine limits will allow, an error will pog-igu(e8).

Invalid Move x|

EE Max distance wou can move forward is 55,121 inches,

Figure8 Invalid Move

To jog the carriagasethe arrow keys on your keyboard. The up and down keys move the Y axis forward
and backwardsThe jog keyalways operate the Y axis at the fastest speed.

12



ama

Figure9 Arrow Keys
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DANGER:

You can crash the carriage if you are not carefuflyou hit a limit switch at high
speeds the carriage will continue to coast and may collide with the end of the table
or the die at the front of the machire.

kkkk kkkkkkkkkkkkkkkhkkkkkhkkhkkhkkkkkkkkkhkkkkkkkhkkkkkkkkkkkhkkkkkkkkkhkkkkkkkkkkkkkk

Note: To reset the machine fromimit condition, go td_imit Switchesn pagel4.

The cariage can move at different speedsrapid move is the fastest it can go. To change the speed to
a rapid move, turn on the LED next to tRapid Feedutton by clicking the buttonSeeFigurel0

below.

Mach3 CNC Controller
Fle Config Function Cfg's View Wizards Operator Plugin Control Help
o

FigurelORapid Feed
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Note:Changing the C axis t@pid feedalso changs the B axis. Either both @xare rapideedor neither
of them.

To slow the carriage down, turn off tiikapidFeedLED by clicking the button. Then enter in the new
speed in theY Feedrateénput field. The Y feedrate value is in inches or millimeters per minute. See
Figurellbelow.

FigurellY Feedrate

Note: Sed-eedrateon pagel9for how to find the maximum inch@ mm per minuteof each axis

On the right side ofhe Manual Modescreen there is ®igital Readot (or DRQlabeled Y. This is the
current position of the carriage. You can zero the position by pressingettabutton to the leftof the
DROThis allows you to know how far you moved from the last titvesis zeroedThesmallDRO below
shows theabsolutemachine coordinates. This is the real position of the carriage from the homing

switch.

Figurel2Y Axis DRO

Limit Switches

If a limit switch is hit, the control disables all motion, but the axes may continue to coast. An error will
be displayed in the status bar at the very bottom of the scr&meFigurel3below.

14



Figurel3 Limit Switch

To reset from a limit switch condition, follow the procedure outlined below.

1. PressReset(Figure4 on pagelQ).
2. Jog the carriage off the limit switch by pressing the jog keys on the key board.

3. Home the machindy clicking theHome Allbutton (Figure80 on page53).

You should now be ready to continue operating ymachine.

The Rotary Axis

The rotary axis, or Bxis, cando positive or negative rotations. All movements are incremental. The
secondinput fieldon the left of the screen labeleadBe is the distance for it to movim degreesViewing
the B axis from the front of the tube bendgmsitive is clockwise and negative is countkrckwise.

Figurel4B Input Field

To move the rotary axis, enter your distance into the input field and clicRtivébutton next tothe
input field. The Baxis willrotate however many degrees you commanded it ¥oucan also jog the B

15



axis by using the left and right arrow keys on the keyboBigiufe9 on pagel3). The jog keys always
operate the B axis at the fastest speed.

The B axis can rotate at different speeds. A rapid move is the fastest it c@io gbange the speed to a
rapidmove, turn on the LED next to tHeapid Feedbutton by clicking the buttorfFigure10on pagel3).

Note:Changing the B axis tapidfeedalso changes the Y axis

To slow the rotary axis down, turn off titapid Feed ED by clicking the button. Then enter in the new
speed in theB Feedrateinput field. The value in the B feedrate input field is in degrees per minute. See
Figurel5below.

Figurel5B Feedrate

Note: Sed-eedrateon pagel9for how to find the maximurdegrees per minute

The secondargeDRO on the right of #hscreen labeled B is the current position of thaxia (Figure

16). Notice that it can be zeroed. This allows you to know how far you moved from the last time it was
zeroed. Thabsolutemachine coordinates are in tremallDRO below it. This is the distance from the
home position.

Figure16B Axis DRO

16



The Bending Arm

Make a Bend

The bending am, or C axis, can onbendpositive angles. Abendsarein absolutecoordinates,
meaning that they are referenced frorhé home position. The third input fielsh the left of the screen
isfor the C axis. Agathe value is in degrees.

Figurel7 C Input Field
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DANGER:

Stand clear of the C arm or serious injury may be incurre@uring each C bend the

pipe clamp, wiper die, pressure die, mandrel andmandrel lubricator can all function

depending onif they are enabled Keep your hands and all other objects far away.
SeeEnable Optionson page22 for more detalils.

kkkkkkkkkkkkkkkkkkkhkkkhkkkhkkkkkhkkkkkkkkkkhkkhkkhkkkhkkkkkhkkkkkkhkkkhkkkhkkkkkkkkkkkkkkkkkkk

To move the @xis, enter your angle into the input fiedohd click theRunbutton next to the input field.
The C axis will bend to whatever angle was commanded.

There are two geeds for a C bend: fast or sloWo do a fast bend turn on the LEDdhigkingthe Fast
Bendbutton. To do a slow bend click the button to turrf ife LEDIn Figurel8 below the C axis will do
a fast bend.

17



Mach3 CNC Controller
Fie Config Function Cfg's View ‘Wizards Operator Plugln Control Help
@

Figurel8 Fast Bend

The thirdlargeDRO on the right displays the current position of the C arm. There is no way to zero this
value since it is always referenced from the home position.

Figure1l9C Axis DRO

Return the C Arm
To return the C axis, press the return button below thagit field (Figure20). The C axis should return

to zero, or very close to zero. It will return quicklystowly depending on the state of the LED next to
the FastBend button.

18



Figure20Return C Axis
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DANGER:

You can be killed or seriously injured if youwget behind the bend arm when it is
closing. Stay far away from the machine when the C axis is returning.

kkkkkkkkkkkkkkkkkhkkhkkhkkkkkkkhkkkkkkkkkkhkhkkkkkkkkkhkkkhkkkhkkkhkkkhkkkkkkkkkkkkkkkkkkk

Feedrate

Changing the feedrate of an axis changes its speed. The feeddats are in inches, mm, or degrees
per minute depending on how your tube bender is setamgwhich axis you are referring tdo find the
maximum feedrate of the Y and Bes navigate to thetube bender menu baand pressConfig See
Figure21 below.

Mach3 CNC Controller
File | Config Function Cfg's  Wiew  Wizards Operator  PlugIn Contral |

Select Mative Units

Ports and Pins
Motor Tuning
General Config. ..
System Hotkews
Homing/Limits
ToolPath

Slave fxis
Backlash
Fixtures....
ToolTable
Config Plugins
Spindle Pulleys..
Safe_Z Setup..

Save Settings..

Figure21 Feedrate
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Go down the dropdown menu and clibdotor Tuning The motor tuning settings witbme up.

AXIS
Selecti
Motor Tuning and Setup i‘ x|
-~ Axis Selection -
Velocity
Y - AXTIS MOTOR MOVEMENT PROFILE
2025 s I
@ 18225
=
£ 1620
% 14175
Q
2 1215
w
% 10125
7= 810
2 8075
o
o 405
QD
> 2025
0 =
0 01 02 03 04 05 06 07 08 09 1 C Axis I
Time in Seconds
L
Accel Al
Yelocity Acceleration Step Pulse  Dir Pulse SAVE AXIS SETTINGS
Steps per In's or mm's per min.  in's or mm's/sec)sec G's 1-Sus 0-5
666,6666667 | 1992.6 | 105.3 IU.272747U 1] |U Cancel | OK I

Maxim Figure22 Motor Tuning
eedra

On the right side of the window there are buttons for each axis. For finding the Y maximum feedrate,
dick on theY Aisbutton. When you click the button, it displays the settings for that axis.Viddecity

value is the maximum inches millimetersper minute. However, for the B axis the velocity value is
maximumdegrees per minute. In the example above, the maximum inches per minute are 1992.6. Click
OKto finish.

Bender Functions

This section gXainshow to operate each individual functighat can be controlled iManual Mode
UseFigure23 for your reference.
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Figure23Bender Functions

Note: Not all tube benders have all these functions. If Y@mder does ndtave one of the functions, do
not press the button or enable it.

Pipe Clamp

To manually operate the pipe clanyress thePipe Clambutton (Figure23). It will change positiorf-or
instance, if the pipelamp is closed, clickirte button will open it up Clicking it agaiwill close the
clamp

Wiper Di e
To manually operate the wiper die, click tthéper Diebutton (Figure23). If it is closed, clicking the
button will open it up. If it is open, clicking the butterill close it.

Mandrel
To manually operate thmandrel, click theviandrel button (Figure23). If it is advanced, clicking the
button will extract it. If it is backwas, clicking the button will advance it.

Collet
To manually operate the collet, click tRmlletbutton (Figure23). Each click of the button clamps the
colletor releases it.

Pressure Die
To manually operate the pressure die, click Bressure Didutton (Figure23). If it is forward, clicking
the button will reverse itlf it is reversed, clicking the button will make it move forward.

Table Shift
To manually operate table shift, press thaeble Shift button (Figure23). If it is in,clicking the button will
pull it out. If it is out, clicking the button will make it move in.

21



Enable Options

The following functions can be enabled or disabled duliagual Modeoperation:

Pipe Clamp

Wiper Die
Mandrel

Collet

Pressure Die
Table Shift
Mandrel Lubricator

=A =4 =4 4 -4 4 4

All of these functions are grouped together on the left side of the scr€&oking on each of the buttons
toggles the LED next to the button. If the LED is on, the function is endftéddnction is disabledthe
function will not be used ianautomaticoperation Figure24).

Figure24 Enable Options
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DANGER:

If you are in semiauto mode or if you are doing a C bend, any of the above functions
may opeate if they are enabled.

*kkkkkkkkkhkhkkhkkhhhkkhkkhhkkhkhhkhkhkkhhhkhkhhkhkhhkkhrkhkhhhkhhkkixkx kkkkkkkkhkkkhkkkhkkkhkhkkhikxk

As an example, vieWwigure24. Only the pipe clamp, collet clamp, and pressure die are enabled. If you
do a C bend, all of these functiondivmove. However, iéach of the LEDsasturned offand youdid a
C bend ONLY the C arm woubgen.

22



Semi-Auto Mode

Semiauto mode is one step closer tbe fully automatic mode used Run Mode(Figure25). When this
is enabled (or when the LED is turned on), the tube bender control takes the tube letmHtaount
During each forward or reverse move and every C bgndll adjust the pig length accordingly.

File Config Function CFg's  Wiew ‘Wizards Operator PlugIn Control

Semi-Au

Figure25 SemiAuto Mode

Alsq the Y axis becomes automatic. Assyrioe example, thaeach of the functions is enabled. When
commanded to move forward a specific distance, the pipe clamppressure divill open the collet
will doseand the machine will move forward. If the distance t@riagewas commanded to mowwas
far enough to reaclthe Y safety zonahe wiper diewill open up before thearriagemoves.

However, if the commanded distance istfeer than thecarriagecanmoveforward (i.e. the carriage will
hit the limit switch) the controlwill clamp the pipe, release the collet, and mdke carriageto the

back of thetube benderor to the end of the pipeAfter dosingthe collet and releasg the pipe clamp,
the carriage willutomaticallymoveforward the commanded distancé will continue to push the pipe
forward in this way until it either runs out of pipe length or reaches the commanded poditibnuns
out of pipe length, arrror will pop up like the one shown below.

error i

i

’li Erraor: Pipe Lenagth is 24 Inches,

Figure26 Pipe Length

If the carriage is in the Y safety zone and the pipe is almost out of the collet, when the C axis bends the
carriage will back out of the Y safety zone and the piil come out of the collet. If there is still pipe
length left after the C bend and the machine is commanded to move forward again, the carriage will

23



open the collet, and come forward and try to clamp back on the pipe. Then the pipe clamp will release
and the carriage will move forward the commanded distance.

The easiest way to understand how the automatic mode works uséait

24



Bending Sequence

TheBending Sequends where you will create your programs. This is designed to be very user friendly
and easy to understand. You can even bend pipe as you create your program to make sure that
everything will workcorrectly. To begin, click on thBending Sequencbutton (Figure2 on page9). If a
program is loaded,qu will see the followingcreen:

AMach3 CNC Controller
Fle Config Function Cfg's Wiew ‘Wizards Operator Plugln Control Help
[

Figure27 Bending Sequence

Create a Bend

To create a bend, do the following:

1. Close the current progrannderRun Mode close the program (S&&lose a Programn page
50).

2. Clickthe Bending Sequencbutton (Figure5 on pagel0).
It will give an error saying thaio file is loaded

25



Error RS

Mo File Loaded

Figure28No File Loaded

3. PresxOK
A window will appear with a place for you to enter in your prograame.

EH Enter New Program Name il

Enter Program Name:

INewF'rugram| (4] 4

Cancel

Figure29 Enter New Program Name

4. Enteryour new program name
As shown abovektS LINPINI Y yIYS Aa abSét NEPINI YDE

5. PresOK

6. A window will pop up giving you the location and name of the new file.

File Created x|

Mew File Created: CriMach3@Code! NewProgram. tap

Figure30New File Created

If another program with the same name exists, it will ask you if you want to overwrite the
existing file.

26



warning x|

Erase Existing File?

Mo Cancel

Figure31Erase Existing File

If you pressyesit will pop up with a new window showing where the new file was created
(Figure30on page26). If you pressNo or Cancektart at step two again anenter a different
name.

7. PresOK
Thepart configurationscreenwill beloaded Figure27 on page25).

Part Configuration
The part configuration is where all the settings for the program are entered. This will be saved in the
code sathat when you load your file montHater all the settings will be loaded with it

Enable Options
The enable optionkavethe followingbuttons (Figure32):

Table Shift
Pipe Clamp
Collet Clamp
Wiper
Pressure Die
Mandrel
Mandrel Lub

=A =4 =4 -4 4 -4 -4

Click the buttosto turn off and on the LEDS.d LED is orthat corresponding function will be enabled
for that program.
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Figure32 Enable Options

Note: This isthe only place to change which functions operlata program.Manual Modeonly changes
the functions foManual Mode

Pipe Dimensions
UnderPipeDimensionsyou can entethe diameter, length, and thicknes$ your pipe Figure33). Only
the pipe kngth is used in calculations in the amine. The other values afer your reference.

~2.000

- 120.000
0013

Figure33 Pipe Dimensions

YBC Bending
To turn onYBC Benidg, click on the button and the LED will toggle.
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¥YBC Bendi —

Figure34 YBC Bending

YBC bnding turns on vector to vector mode. In this mode, you enter in the distance from the vector to
vector of each bendsee the diagram below. The lehgif each red arrow is the distance you would use
for YBC bendind-he tube bender control calculates how far to move the Yfarmard so that the
distance of the vectors Wibe correct

Figure35YBC Bending

Note: You can only bend less than 180 degrees in YBC bending/Masteyou save the bend it wgiive
a divide by zero error if you try to bend too far in YBC mode.

If you do not use YBC bending, you have to enter in the distance between the beginfréagh bend.
The distance of the red arrows in the diagram below would be used ifvéBdisabled.
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Figure36 Distance Between Bends

C Return Clearance

The C return clearance is an automatic function used to keeputheefrom geting caughtn the

Y OKAYS RddzZNARY3I GKS / islthddisaace B thedzbidiage noveSfonteiddéfad y O S
returning the C axis. If returning the C axis would cause the pipe to jam, entering a number here causes

the machine taalwaysmove that distance forward before returning the bending arm. The next move

will be the commanded length minus this distance.

C2NJ Iy SEI YL¥h& the O r&uin@li@arance satlieyiSs inches. After the first bend, the
carriage will move forward 5 incheand then return the C axi$.the next commanded length was 8
inches the carriage wuld move forward 3 inches (lengthC return clearance).

Note:Advanced Modallows you to do the same thing as C return cleardmdevith more controSee
Advanced Mod®n page3b).

Part Specifics
These values are added for yauamvenience.

Part Number
Enter in your part number for this program.
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Figure37 Part Number

Die Number
You canalsoreference a die number

Figure38 Die Number

Operator Safety Distance
This is the distance that the operator should stand away from the machine to be safe. This is

configured manually and is only for your reference.

e

Figure39 Operator Safety Distance

Springback Constant

TheSpringback catant is the amount that the bend arm should overshtmta bend to be

accurate. The value is in degrees. It is saved in the program and can be used as your reference.
Adjust it by pressing tharrowsnext to the value or bentering your value right intthe input

field. (SeeSpringlack Compensatioan pages6.)

Figure40 Springback Constant



Die Radius
The die radius is the radius of the main die on the bend arm. It must be correct for the pipe
length calculation.

I
_ &= WA

Figure41Die Radius

Pressure Die Length
The pressure die length is needed to make sure that the carriage never collides with the

pressure die. It is the actual length of the die.

Figure42 Pressure Die Length

Load Position

Load paition is the distance from point zewd the tube bender to the face of the colléthe
collet can be any distance from point zero as long as the carriage is within the limits of the
machine When theLoad button is pressedbefore running a prograrrhe carriagemovesto this
position so the tube can be loaded

~25.000

Figure43Load Position

Create Bending Sequence
After you have all the settings adjusted correctly in the part configuration, you are ready to begin
actually programminghe different bends. Click the SAVE CONFIGURATION button.
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Figure44 Save Configuration

A new screen calle@eate Bending Sequence is displayAtthe top right of the screen it shows
Current Bend: Bend 1 As you save yourendsthe current benchumber will increment. There is no
limit to the number of bendper program

The input fields in th8ending Sequenamode are laid out in the same order that the program actually
executes them. For instance, Wormal Modethe Y axis can move forward, then the C axis can return,

then the B axis can rotate, and finally the C axis can do a bend. Any of these values can be zero and that
function will not move.

Mach3 CNC Controfler
Fle_Config Function 0igs View Waards Operator Phugin Contrel Help.

Figure45 Current Bend

Normal Mode
Most of your programs will usdormal Mode When the LED by th&dvancedbutton is off,Normal
Modeis on Figure46).
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Figure46 Normal Mode

Length

Length is the distance for the Y axis to move forward or backwards in inches dtamsitive is forward
and negative is backwards.dtthe distance between the bends. If YBC bending is enabled, length
becomeghe distance of the vectors between each bdfitjure46).

C Return

ClickC Returrto toggle the LED. If the LED is on, the tube bender will return the C axis iatahgdifter
doing the Y move. However, if it is not selected, the C axis will not return until after the B move or right
before the C axis does another befigure46 on page34).

Rotation
Rotation is the number of degrees for the B axis to ro{&igure46 on page34). Viewing the B axis
from the front of the tube bender, positive is clockwise and negative is cowhbekwise.

Bend
This is theangle that you want your pipe to be befRigure46 on page34).

Note: T € 68t &/ wSGdz2NYyé¢ dzy RSNY SI (K (i KSTestBeyidh A y LJdzii
page36). The C axis does not actually retinra real progranrtight after doing a bend.
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Speeds

. 2dz KI ¢S O02YLX SGS O2yiNRt 2F SI OK | EA afastberdLISSR®
button, therapid feed buttonand the feedrate values (Go tbe Feedratesection on pagd9to see

more about feedrate).SeeFigure47 below. Enter in your new values. These values can be difitsior

each bend.

Figure47 Speeds

Advanced Mode
Advancednode gives you more control of the machin&hen the LED next to thedvancedbutton is
on, Advanced Modés enabled. See theigure48below.

Advanced Modellows you to move the Y axis and rotate the B axis before returning the C axis. In the
second length entry, you can bring the Y axis back. The total move is the distance of both those lengths
added together. This can be used for avoidinfusions fronthe tube and machineThe otheiinput

fieldsin Advanced Modédunction the same as iNormal Mode
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Figure48 Advanced Mode

Test Bend

While creating a bend, you can actually bend pipe to make sure that everything is workimglyrop
Also, you can make sure that you have enough pipe lehgthoththe normal andAdvanced Mods
next toeach function there is a button callétlin

Figure49 Run

Torun the tube bendewhile creating a prograngnter yourvaue, such as length or rotatiohext
pressthe Run button (Figure49). The tube bender should move to the correct placeangle You can
continue doing this foeach input field. Howeverf youwould preferto test the whole bend at once,
rather than pressing eadRunbutton separately just clickRun All

Figure50Run All

Note: Do not use th&unbuttons in YBC Bending.
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DANGER:

Pressing the Run All button is equivalent to running a program. Stay clear of the
machine as every function may operate.
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Capture Move

Another special featuréor programming a bend isalledCapture Move. This button is used to capture

or record a move. If you are figuring out the length to move forward before the C arm returns, such as in
an advanced move, you could use this feature. Also, if you are just creating a bend for the first time, you
can captue a move. To use it, do the following.

1. ClickCaptureY Move or Capture BMove. The LED next to the button will turn on.

Capture ¥ MD'U'E

Figure51 Capture Y Move

2. Jog the machine to the correct place. You can userimebutton or the arrow keysn the
computer keyboard.

3. ClickCaptureY Move or Capture BMove button again The LED next to the button will turn off
and the distance that yomoved will be loaded into the input fieltext to the button.

TheCapture Move buttonsrecord the initialposition ofthe desiredaxis and then the final position and
writes the difference of the two into the correspondiimput field.

Save Bend

When you have entered all the correct values for your first bend, you must save that bend. However,
make sure that the LED next to te®d Progranbutton is off Figure54 on page38). Otherwise only the
first bend in your program will be run. Now pre&s/e Current Bend

Save Current Bend

Figure52 Save Current Bend

Awindow will appear askg you if you want to post the code the file.

37



Post Code?

i Post Code For Bend 1

T Cancel

Figure53Post Code

ClickOK The currenbendwill increment to the next ben@igure45 on page33).

Last Bend
At the end of your program or at your last bend, always press the bitahProgranto toggle the LED
on.

Figureb54 Last Bend

Set up the final benty doing the following:

1. With the end program LED orliak Qeate LastMove (Figure54).
The following screen will be displayed:

Mach3 CNC Controller
File Config Function Cfg's View Wizards Operator Plugn Control Help
n

Figure55End Program

38



2. Enter in the length you want the axio move forward or backwards
3. Enter in the number of the degrees you wdiné part to rotate
4. Press theC Returrbutton to toggle the LED ofiyou want the C axis to return

5. Press theRelease Collébutton to toggle the LED on if you want to collet tdgase when the
program is dos.

6. PressSave
You will now be back in thRending Sequengeage.

WARNING: Your last bend is not saved yet. Click save current bend to finish your program. The current
bend will increment, but that bends notsaved.

All the programs are automaticallyssed inCA\Mach3 GCode You can manually copy the files to where
everyouwantt KS FAE S .GeLJS Aa aovidl LE

Delete a Bend

At times when creating a program, you will need to delete a bend. You have two options.

Delete Last Bend
To delete the last bend, click on the butt®elete Last Bend

Delete Last Bend

Figure56 Delete Last Bend

A smallwindow will pop up asking you if you are sure that you want to delete that bend.

Delete Last Bend? |

‘Wour Current Bends Are:
l . 1l:Bend1

ZiBend 2

3! Bend 3

4: Bend 4

‘You are currently about o delete:
Bend 4

Cancel

Figure57 Delete LasBend
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ClickOK A window will pop up notifying you that the last bend was deleted. Again,@kck

end Deleted

Delete Successfull

Figure58 Bend Deleted

Delete All Bends
If you want to start your program over, cliflelete All Bends

Delete All Bends

Figure59 Delete All Bends

A window will pop up saying that the delete was successful. The proginevertback to bend one.

Success
i h Delete Successfull

Figure60 Delete Successful

Disable a Bend

If you decide to yowlo notwant to use a bend in the middle of a program, you can disable it by clicking
the Disable Bendutton. The buttontoggles an LEBnd when the LED is on the bend is disabled. Make

sure toclickSave CurrentBend or the changes will not be implemented.

Hgure 61 Disable Bend
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Note: If you create a program and it dosst do anything when you run it, make sure that tfisable
bend LED is not on.

Change aProgram

To chage a program that is already loadesimply clickhe Bending 8quencebutton (Figureb on page
10). You can make any changes you want in the part configuration. You must press Save Configuration
beforeleaving that screefor the changes to be saved.

After you presSAVE CONFIGURAT|B&hding Sequencwill come up. The current program displayed
will be one plusthe number of bends. This last bend is NOT saved and is not part of your program.

Change Previous Bend
To change a previous bemtick onOpen Previous Bend

Open Previous Bend |

Figure62 Open Previous Bend

A window will pop asking you to choose a bend. Select your bend GKick

[l choose Bend x|

Bend 2 OK

Bend 1

Bend 3

Figure63 Choose Bend

The screen is loaded with the values from that bend. Make your changesS@VielCuent Bendand
then at the prompt pres©K

When you are finished with your program, you can opem Modeand your program will load
automatically. Your program should stay loaded until you close it or shut down the control.
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This page was intentionallgft blank.
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Run Mode

In Run Modeyou can execute your programs and bend tubing. This is where you will spend most of your
time. Almost everything is automatic in this mode. You can also test yogrgms by running only
segment of thenat a time.

In this section you are going to learn how to open a program, step through a program, start and stop a
program, and much more. To begin, click on BnerMode button (Figure2 on page9). You will see the

following screen:

Mach3 CNC Controller
File Config Function Cfg's View ‘Wizards Operator  Plugln Control  Help

Figure64 Run Mode
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Open a Program

Old Program
To open an old program preksadProgram

Figure65Load Program

An open dialog will operi{gure66). To open a specific file, navigate to its folder. All programs are
automatically stored il€\Mach3 GCode Change the type of file to (*.tap). Now you should see all your
bend programs. Seleigure66 below.

[ open |

Lok | | GCode ~| e ®EckEr
Mame = | vI Date modified | vI Tvpe | v| Size | v|
| Metal Parts . METRIC
. Wood Parts u ball.tap
| |balid.tap | |BOLTSLDPRT.TAR
|| Carl.tap | |Cross.tap
u CutCircle kap u Cutgear.tap
u FirstProgram,tap u IDConvexFillet kap
u MDITeach.tap |J MNew Prograrn, tap
u Mew Turn Program kap |J MewFile.kap
u MewProgran, tap D Programes, tap
u Programfevs. tap |_1 roadrunner.kap

|| TestPF.tap

Conputer

Open

[ Oeen |
Cancel |

File name: IPlogramB2

Files of type:

o
j

Figure66 Open a File
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Click on the correct program and pré&3pen Wait a moment as the program loads.

Recent Program
To open a recent file click on tiiRecent Progranbutton.

Figure67 Recent Program

It will open a window with a list of up to ten of the most recent files. Select a program to load and press
OK Wait a moment as the prograradds.

Select File to Load x|

CiMach3GCodeldavel kap
C\Mach3ECodeibeachl bap
CiMach3ECode) 180, ap
CiiMach3aCode\Customer_Program. tap
CiiMachGECode! TeskL kap
CiMach 3 GCodeittl tap

C:\Mach 3 ECode\MewProgram. tap
C:iMach3aCodeltew Program.tap
C:\Mach3GCode!lExample Program.kap
CiMach 3 GCode222 tap

Cancel

Figure68 Select File to Load

Program Display
After a program is loaded, you can view it on the top left hand corner of the scFeguré69). Right
under the display the programoecationis shown.
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Figure69 Program Display

At the beginning of the program, it gives you information about your filghdivsyou the part number,

the pipe dimensions, the diefiormation, whether or not the wiper die is on, the springback values, and

0KS 2LISNI G2NRa alF¥FSie RAadlIyOSe® [ 2dz Oly @AS¢ (KSaA
buttons next to the display.

Farther down in the program it has the different bemdNotice that the first two lines of each bend

contain a bunch of numbers. These values store information for the bend. Comments in a program are
ddzZNNR dzy RSR A 0GK LI NByikKSaSaod ! Oldzat O2RS ltglea a
the progam, you can find out how many bends there are by reading the last line. In the program below

there are only two bends<gure70).

*End Bend 2 *

Figure70 Number of Bends
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Run a Program

Now with your program loaded, how do you start it? Aéarting a program you may need to pause or
rewind it. Also, if this is the first time this file has been run you might want the program to stop after
every bend or dér every line of code. If there is an emergency condition, you need to know how to stop
the machine. In this section you will learn how to do each of these things.

Start a Program
To start a program, follow this procedure:

1. Pressthdoado dzii i 2y 2y (K S(FigurdSonpage2OND & LI y St

kkkkkkkkkkkkhkkkkkhk hkkkkkkkkkhkkkkkkkkkhkkhkkkkkhkkhkkkhkkkhkkhkkhkkkkkhkkhkkkkkhkkkkhkkkk

DANGER:

Stay clear of the machine. The C axis, pipe clamp, and pressure die will return and
the carriage may move.

kkkkkkkkkkkkkkkkkhkkhkkkhkkkhkkkkkhkkkhkkkkkkkhkhkkhkkkhkkkkkhkkkhkkkhkkhkkkhkkkkkkkkkkkkkkkkkkk

2. Placea pipe in the machine

Press theColletbutton on the side panel (right below tHevadbutton). The collet will close.

4. Press theCycle Starbutton on the screenKigure71) or press the twa@reencycle start buttons
on the control at the same time. One button is located on the left of the control and the other is
f20F0SR 2y GKS 2LISNdgin®dNRRE LI ySftd ¢KS FTAES GAff

w
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DANGER:

Before pressing Cycle Start, move far away from the machine. Stay clear as long as
the machine is running. Every function of the machine may operate.

kkhkkkhkkhk kkhkhhkhhkkhhkhkkhhhkhhkkhhhhhhhhhhhhhhhkhrhhkhhhhhhhhhkhhhkhhhhhkhhihhkhrkhihhhkkhhkixk
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Figure71 Control Buttons

Pause a Program

If for some reason you want to pause the machine, you can predseég@Hold button on the screen
(Figure71) or the redFeed Holdbutton underneath theQycle Sart button on the2 LIS NJpan2INI &
(Figure3 on pagel0). This allows the machine sbowlycome to stop. If there is n@n emergency
condition, use the pause buttons. All hydraulic motion will stop, but the B anasywill complete their
current moves. Pressin@ycle Sart will continue the program from right where it left off.

If you decidenot to start the program again, make sure to pré&sset(Figure71on page48). Ifyou try

to operate the machinevithout pressing resetthe pressure will turn on but nothing else will happen. It
is worth repeating ALWAY $ressreset if you paused the program atiten decided not to continue
running the machine from where you left off.

Stop a Program

Tostop the program, press th&op button on the screerfFigure71on page48). All motionexcept for
the hydraulicswill stop on the machine. Any script or macrdlWwe terminated. However, you cannot
begin at the same place in the program. The program must be rewound before starting@@aNOT
use the stop button for an emergency condition.

Rewind a Program
To rewind the program press tieewind button (Figure72). The program will return to the very start.
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Figure72 Rewind

Note: Pressing theoadbutton also rewinds the program

Step through a Program
If you are running a file for the first time you may want to step through the program one line at a time.

Presghe Single Stefutton andthe blue LEDight next to itwill begin to flaskKFigu . Now every
time you press cycle start, the control will only run one line o

Figure73Single Step

Note: At tre beginning of each program aeach bend, there are a bunch of cments. Quickly step
through them by repeatedly pressing cyclestary t & f Ay Sa 2F O2RS GKFdG adl NI
control to do something.

Run One Bend at a Time

When you are running a program for the first time, you may want to run more ¢imenline at a time,
but still you donot want to run the whole program at once. To run only one bend at a time, cliStam
After Bend(Figure74). When the LED isnponly one bend will be run for every time cycle start is
pressed.
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Figure74 Stop After Bend

Emergency Stop

In case of an emergency, press thegered EStopbutton on the2 LIS NJ { 2 (Rifuie3 dalpaged d).
DONOT PRESFEEIHOLD ORYCLETOP! TheFop button shuts down everything but the contrdll
motion will stop immediately.

Note: Rehome the tube bendeafter an emergency condition.

Close a Program

To close a program cli€dose ProgranmSeeFigure75 below.

Figure75 Close Program
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Run Options

Other functionsand optiongthat you may want to know abouRun Modeare detailed below.

Run Options
On the right sidef the screen there is the following list of functiofsgure76):

Table Shift
Pipe Clamp
Collet Clamp
Wiper
Pressure Die
Mandrel
Mandrel Lub

= =4 =4 -4 -4 -8 4

Figure76 Run Options

The LED corresponding to each label shows whether or not the function is enabled or disabled. If the
LED is on, the function is enabled. Yannot change these options in tikun Mode Theymust be
changed when you create/changebend.

Pipe Length

At all times the tube bender control calculates the current pipe length. This is NOT the tgil t¢n

the pipe, but rather thdength of the pipe that can be used. For instance, if theimim pipe in collet is

2 inches and the pipoffset is 8.5 inches, then 10.5 inches can never be used by the machine. Therefore
if the pipe length entered into the part configuration was 25 inches, only 14.5 of that can actually be
used in the machineThis value is displayed in tRepe LengtHield (Figure77).

51



Figure77 Program Info

During each forward or reversgé move, the pipe length is adjusted accordingly. The control also
calculates how much pipe is used in each bend and subtracts that from the total pipe length. If the tube
bender is tells the Y axis to move forward farther than the table length will allavil] release the pipe

and get another bite farther back. As long as the tube bender is set up correctly it will never drop the

pipe.

If the Y axis is told to move forward farther than pipe length will allow, you will get an error and all
motion will sop.

eror i

EE Error: Pipe Length is 5,264 Inches,

Figure78Pipe Length Error

Times File Run

Each time grogramis run from the beginning to the end, K $imes File Rurvalue will be
incremented(Figure77). To keep track of how many parts yloave made, clear this value whenever
you loadin a new program.

Program time
Program time shows how long it has been sitieelast time cycle start wgsressedFigure77 on page
52). This can give you an estimate of how langill take to do a certain number of parts.
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Collet

Theollet button on the run screen is there just for your convenie(fegure79). It does exactly the
samething as the colletoutton in the Manual Mode

Figure79Collet & C Return

C Return

TheC Returris in theRun Modefor whenever you may need it. It does exactly the same thing a€the
return button inManual Mode(Figure79 on page53).

Home Machine

PressingHome Allhomesall the axes. Press thidwn you start up te machine or after every time
EStop is pressed. The tube bendehomed when the Y axis stops moving.

Figure80Home All
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Machine Setup

To change settings in thabe bender control, clicklanual Mode, thenSettings. This is where you can
configureyour control.

Figure81 Manual Mode>Settings

Below is the settings screen:

FAMach3 CNC Controller

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

Figure82 Settings Screen
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Springb ack Compensation

Sprindhack compensatiors used to calculatkow muchover bend a pip@eedssothat when the clamp
releasesthe pipebends baclkhe correct angle. This will have to be set up for each different kind of
pipe. To calculate your springbammpensation, use the following procedure:

1. ClickCalculate

Figure83 Springback Compensation

A new screen will be displayed.

Mach3 CNC Controller
File Config Function Cfg's View Wizards Operator Plugln Control Help

Crstart| | & M (v @ | @) Documentz -Microsoft ... | ] Tube Bender Manual - Mi.. | & ladyoftheloop@gmall.con | Untitled - Paint |[ @ ach3 cne controller

Figure84 Springback Calculator
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2. Enter in a small angle such as 20 degiadsend angle

Figure85Bend Angle

3. Load a pipe into the bender
4. PressRun(Figure8s).

5. Enter the commanded angle (the valuebend angle) into the firstinput field under Bend 1.
This is the programmed valuEigure84 on page56).

6. Measure the actual angle of the tube. EntBis valueunder the secondnput fieldfor Bendl.
This is the actual valu€igure84 on pages6).

7. Repeat stepg-6 for Bend2 and wsea larger value, such a2l degreedor the bend angle
8. Presghe Calculatebutton.

The proportional value is the difference inrsgback constant depending dhe size of the
bend. The fixed value is always added to the bend.

Note:To disable spring back compensation, set proportional to 1 and fixed to 0.

Return to the settings page by clicking tManual Modebutton. Then press th8ettingsbutton.

Mandrel Lubricator

The mandrel lubricatoinput field configures how ofterit turnson. If it is enabled, thenandrel
lubricator will turn on everyXnumber ofdegreeqX being whatever number is in the input fiele)will
stay on forX/2 degrees and then will be off fof/2 degrees.
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Figure86 Mandrel Lubricator Angle

Delays

There are a number of different delays that can help youigomne your machine just the way you need
it. Below are descriptions of each.

Pressure Die Assist
The pressurélie assist delay is the time for the pressure die assist to start moving atbead
commencesThe value ign increments of 10ms.

10

Figure87 Pressure Die Assist Delay

Pressure Die

In case the pessure die does naipen all the way, adjust this value to create a delay for it to wait on its
return move. This time is in ms and is the time from when the return switch ie when the pressure

die turns off.

Figure88 Delays
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Pipe damp
To make tle pipe clamp return more adjustis value to create a delg¥igure88). This time is in ms
and is the time from when the return switch is hit to when the pipe clamp turns off.

Low Speed Shift

To increase the accuracy of the tube bender, adjust the low speed shift. This is the number of degrees
before the end ofabend that theCaxis bend shifts down to low speed in a fast bend. If this value is 20
and you are doing a 90 degree bend, at 70 degrees the machine will switch to slow speed.

e e

Figure89 Low Speed Shift

Machine Limits

Below areall the limits used to set up a tube bender.

Figure90 Machine Limits
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Max C Bend

Max C bends themaximum anglehat C axis can ben@igure90 on page59). If the commanded angle
is more than this valuen error will pop uplf this values greater than 180 degrees, YBC bending will
not work properly (there is no vectdo vector measurement on a 180 degree bend).

Note:When springback constant is used, the machine may actually be bending farther than the
commanded position. If th€axis gves you an error and the commanded angle was less than the max C
bend, then the problem is probably with the springback constant.

Min Pipe In Collet
The minmum pipe in the collet can beshatever you are comfortable witfFigure90 on page59). The
machine will always keep that much pipe in the collet except for when it isfguipe length.

Below is a brief description of thao main values used to set up the machind (i NI Sefup @ + A S g
Limitsto learn how to configure the machine correctly.

Table Length
The table length is from point zero of the machine to the face of the collet when the carriage is all the
way backFigure9l).

Die Offset

The dieoffset isthe closest distance that the carriageever allowed to get to a dieither the pressure
die or the C bend die. The offset is the sdioreboth dies After changing the die offset go to Run Mode
and then restart the Mach3 Software. This allows the machine@limitsto be updated.

Figure91 Machine Limits
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Setup Limits
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2. Click orManual Mode(Figure5 on pagel0).
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3. Push the arrow key to move the Y axis forward until the carriage is not touching the limit switch.
Record this position.

4. On the menu bar clickonfig thenHoming/Limits (Figure92).

_' Mach3 CNC Controller

Parts and Pins
Maokar Tuning
General Config.

Horming)Lirits
ToolPath

Slave Axis
Backlash
Fixtures.,..
ToolTable. . ...
Config Plugins
Spindle Pulleys,
Safe_7 Setup..
Save Setkings..

Filz | Config Funchion Cfg's  Wiew Wizards
T A

Select Mative Units

Mode

. il
System Hotkews

10.(

600
20.(

Figure92 Homing/Limits

5. On the row named Y and column soft min, click twice.
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Motor Home /SoftLimits x|

Entries are in sebup units,

Bxis Reversed | Saft Max |50Ft Min Slowe Zone ‘ Horne: OFF. | Harne Meg | Auko Zero ‘ Speed % ‘
® ' 100,00 -100.00 1.00 0.0000 ' "I 20
¥ of £5.12 5.00 oooon | of off 25
Z ' 100,00 -100,00 1.00 0,0000 ' ‘ 20
& ' 100,00 -100.00 1.00 0.0000 ' "I 20
B i 100,00 -10000 1,00 0.0000 o uf 20
C ' 100,00 -100,00 1.00 0,0000 ' ‘ 20
228 home location coordinates
® |0 4 |0
v |0 B |0
LR

Figure93 Soft Limits Configuration

6. Enter in the valugiou recorded and press enter.

7. PresOK

8. Go to the settings page.

9. Click theSoft LimitsLED on the left side of the settings payeu may have to jog the carriage

forward a little bit for soft limitsto turn on. The LED behind the button should turn on as shown
below.

Figure94 Soft Limits

10. Jog the machinbackwards with the up arrow key. Do not release the key until the carriage has
completely stopped. The control will keep the carriage from hitting the rear limit if the value you
just measured is correct.

11. Measure the distance from the face of the colletgoint zero of the machine. This is the table
length.
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Figure95Table Length

12. Enter table length into th&able Lengthnput field Figure90on pageb9).
13. Click theSoft Limitsbutton to turn off the LEDHigure94 on page62).

14. Go to Run Mode and then restart the Mach3 Software.

Now your machine limits are all set up. You are ready to bend pipe!

Return Y Axis

ReturnY Axisis a feature used to speed up the machine. It eliminates the rieethe carriage to go
bad andget another bite during normal operation. Click Return Y Axiso toggle the LEQFigure96).
If the LED is on during each bend the Y axis will return todlok bf the tube bender or to the end of
the pipe, whatever is closer. The C axis and Y axis will move simultaneously to save time.
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Figure96 Settings

Pressure Die Assist Enable

If your machine has a computer controlled pressure die assist make sure this LED is on by clicking on the
PressureDie Assistoutton (Figure96). If your machine doesot have a pressure die assist, turn the LED
off by clicking the button.

Unit Conversion

You find out what units your machine is operating in by goindanual Mode then settings page. The
current units will have a LED underneath the laBel convert he machine to inches from millimeters or

from millimeters to inches, do the following:

1. On the menu barlk Config then Select Native Uhits.
A warning will come up.

Figure97 SelectNative Units
2. ClickOK
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