TESTING FRONT PANEL CONTROLS AND DC MOTOR Switches.

IBEFORE hooking up the DC cable between the Power Control and BladeRunner test the unit with
no power to the Geckos.

I Power up the BladeRunner. Leave the power off (switch on the side panel in OFF) on the Power
Commander (Controller) box, with the other cables hooked up (Table 1/O; Portl, Power Controller
cable and AC plugs into AC power). After it initializes, push the ON (GREEN) button on the Front.
You should hear a distinct “ click” inside the Power Commander Box. That is the master power relay
turning the power on to the motor power supplies. Since the AC is not on the power supplies are not
turned on.

lIf you get a click, proceed to the next step. If you do not stop and check all of the cables and
connections.

Do this step AFTER you have varified that the BladeRunner Controls the Power Commander.
Make sure the DC MOTOR indicator is RED (off) BEFORE you plug in the DC Cable

FINAL CONNECTION

Plug in the polarized DC cable from the Power Supply (Power Commander) to
the matching cable in the back of the BladeRunner
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Installing the Table 1/0 Card

We have provided a functional remote breakout card to use as your interface at the
machine to connect the Home and any limit switches via crimp-on connectors. The
Table /O card has status LED's for each main signal mounted on the card so you can
see and test the switch functions. The Table I/O is a way to easily connect all of your
I/O at one point. Since the Card can be mounted remote from the BladeRunner
Control box the multitiude of wires at the table need only pull to the Table 1/O card..
While the card will mount inside the main control cabinet it requires a lot less wire and
wire routing to put it at the table and use a single DB25 to connect it to the
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For BladeRUnner Max 4
and ones ordered with the
power supply upgrade the
Table I/O card is mounted

inside the Power

Commander Enclosure

The TABLE 1/0O CARD MUST be attached to the Table 1/O Input plug on the Front of the MP3000 or you will not be
able to bring MACH3 out of RESET. You MUST have a jumper (or NC switch) across the EPO jumpers on the card
(see diagram next page) to bring MACH out of reset. You do NOT have to have the Homes or any other inputs or
outputs hooked up to run MACH.



For BladeRUnner Max 4 and ones ordered with the power supply upgrade the Table 1/0 card is mounted
inside the Power Commander Enclosure with 4 external screws. The fo,llowing diagrams explain the
procedure to access the Table I/O card for connecting switches and inputs. The two on-board relays are
connected to two independently switched AC (120VAC 15A Max) Sockets on the side of the power
commander. (A & B)
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REMOVING THE TABLE I/O Card for TESTING or HOOKUP

To access the inputs for the Tablel/O

for Homes, Limits, etc you will need

to remove the card from the inside of
the Power Commander Case.

UNPLUG THE POWER COMMANDER

FROM THE WALL(AC FEED). DO

NOT OPEN UNTIL NO AC POWER IS

CONNECTED TO THE CASE.

Loosen the two screws on the front
of the Power Commander and open
the case door.

You will need an Allen Wrench to
remove the 4 screws that hold the
Table 1/0 Card to the side of the
case.

Start with the screw closest to the
power switch. Completely remove
the screw and set it someplace safe.

Do the same with the other 3 socket
head screws..



Carefully pull the table I/O
card up and set it on top of
the power supplies. Put a
piece of insulating material
under the card if you intend
to test it while it is
dismounted from the side.
A piece of plastic or dry
cardboard works well..
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Leave the long Red Wires
connected; they are the AC
to the AC Sockets in the
side panel.

Use the overlay in the
BladeRunner manual to
identify the inputs you are
going to use.

If you just want to test and
add the actual switches
later, then simply connect

TABLE I/O REMOVED FROM SIDE MOUNTING the DB25 cable to the Table
I/O card and the front of the
BladeRunner and power up
JUST the BladeRunner.
Turn on your PC, Load
MACH3 and start the
BladeRunner profile. In that
Profile open the Diagnostics
Tab (from top of page
menu).

Each set of input terminals
are side by side. Use the
overlay and short between
each set of terminals. The
primary inputs have green
LED’ s that indicate activity.
When you short a pair (ie.
XHome) the LED should light
on the Table I/O card AND
the corresponding LED
should light in the
diagnsotics screen of

MACH.

You can test the two relays
(The large “ T" shaped relay

If you are going to hookup your Homes and any other INPUTS to the controls the * A" Socket. The

Table I/0, use solderless crimp-on terminals. You will want to drill a gmalleLre‘!aé c.or&tlrt?’lsB B”.
hole or series of holes in the case to pass the wires through. ress the * Spindle™ Button

BE CAREFUL AND DON’ T DRILL INTO THE POWER SUPPLIES or and the A relay will click.
Wiring inside the box! Press it again and it will
release. Check B using the

Flood button. You can
change to the Program Run
sceen in MACH and use the
two main output buttons to

test the relays as well.

Pass the wires (inputs can be small gauge wire 24ga to 18ga) through
the holes BEFORE you crimp on the terminals and connect them to the
card.. Shielded wire should have it’ s shield connected at the switch
end ONLY. Twisted wire works best with no shield. We put noise
suppression on every input and all are opto isolated from PC ground.




TABLE 1/0 1l CARD

The Tablel/O card provides a breakout of inputs and outputs. It connects to the UBOB/BladeRunner via a
25 pin computer cable into the TABLE I/O plug (see overlay next page). The card can be close to or up to
20ft from the UBOB/BladeRunner. On units with the Power Commander (upgraded power supply) it!s
located inside the Power Commander Box.

HOME INPUTS
Use Normally Open
Switches.

X -AHome are port 1
inputs
Limits are typically
setup as normally
closed and connected
in series at the
switches with
beginning and end of
string into the LIMITS
Tabs.

The DOWN, AUX0, UP
and ARC OK inputs are
also Port 1 inputs and
can be used for any
switch type input.

The EPO is the E-stop
(software) input. 1T
HAS TO BE CLOSED.
AJUMPER IS
NEEDED IF IT"S NOT
USED WITH ANC E-
stop Button (not
furnished)
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PLUG

K3
Main Relay Output
20A Normally open
contacts

K4
Secondary Relay 10A
Normally open contacts.

See hook up details for
driving external loads.

AUX 1 - AUX4 and B Home
are PORT2 inputs and only
work if you have the
optional Port 2 card
installed and a 2nd parallel
port on the PC active and

LED!s are indicators that the circuit is working when a switch is
closed. They only come on if the Table I/O is connected to the
BladeRunner and it is powered up. You can short across an input
Pair (example: T12 to T13 for X Home. The LED should light and
the X Home Screen LED in MACH for X Home should light. The
LED is in series with the Input Opto and is a good indication the
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Home and limit switch hook ups
Typical connections for Homes and Limits
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All of the inputs are opto isolated and map to a
specific pin on the parallel port(s). In reality you can
use any input for any signal. Inputs are not fast

enough for Encoder feedback faster than a few
Normally closed contacts

pulses per second. The inputs use a #floating" ground For far limits. Wired in series
(+12 return). If you need more inputs than the 8 (9 c Ne C NC ¢ NC
with EPO) then a PORT 2 card can be hooked to the i”f f’f TT
UBOB and the added Aux and BHome inputs will
work with a second parallel port.

YHome
C NO
ZHome /o— XHome
JUMPER EPO to be able to ¢/ yo 9_/ NO

bring MACH out of RESET
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- QUAD RELAY HEADER
is for an optional quad relay card

and adds 4 more relays to the outputs.



IMPORTANT NOTE ON INTERNAL PLUGS:

The ribbon cable connectors
may not have a key to prevent them from being plugged in backwards

Pin 1 stripeEE/\:">

Stripe goes to side with PIN1 - -
’ (0] (]

PIN1 PIN1
NOTCH NOTCH

Typical Ribbon reader

Pin 1 strip%

N’

IF you unplug an internal cable note the stripe or specific color of the pin 1 wire on the ribbon cable
make SURE you plug it back in so that the cable is oriented as shown.
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To POWER PORT2 EXPANSION
COMMANDER

120VAC
A Z Y 60 HZ

Al A2 B1 B2 Al A2 Bl B2 Al A2 Bl B2 Al A2 B1 B2

0000) (0000)  logo) loooe)  000) laooe)  (0000) (00g0)

MAX PHASE CURRENT 3.5A

A
O

A#
w O
O
5 O

B#

All plugs wire up the same

Colors shown are for illustration ONLY

See motor specs for proper color codes D
Do not use them for your motors

Stepper motors/cables

CONNECTING MOTORS TO The BLADERUNNER.

BladeRunner Packages are shipped with prewired motors/plugs. All that is required is to
make sure Motor Power is off (Red STOP light is on on the BladeRunner, OR power is off to
the BladeRunner. Prior to plugging in the motors. Check each wire into the screw terminals.

You should not be able to pull a wire out by tugging on it. The insulation should not be
stripped far enough back so a wire could short to the adjacent one. The plugs are polarized
and only fit one way. Push them in until the locks on the top engage the ridge on the plug on
the BladeRunner.

If you elect to add motors we have not wired or change the length of cables be SURE you
identify the coils in the motor and connect them as shown in the pictorial above. It will kill a
Gecko drive if you "cross wire#  (have one leg of a coil tied across to the opposite coil) the
two windings. If you have any doubt check the continuity across the A coil (between Al and

A2) and the B coil. Make sure there is NO continuity between A and B sides!

HARDWARE SETUP



FINAL TESTING

After you have verified that the Power Commander Works:

o
S
l—
I
7
W
E:
=
@)
o
<
T

Turn the BladeRunner around and with the DC Power Cable and the AC swtich on the CLOSED Power
Commander and the BladeRunner under power (Power Switch on Front Panel), Activate the ON switch
(green) on the front of the BladeRunner. All of the Blades have a power indicator located below each
motor plug on the rear.. All installed blades should have the LED illuminated.

After verifying that each blade is getting power:

I TURN OFF THE DC MOTOR POWER WITH THE RED BUTTON

I' Plug in ONE motor to the X Blade (as shown in the photo) Make sure the connector seats and lo
cks.

I Power up the DC MOTOR Power with the Green front panel button. The Motor should locked (be
hard to turn). If the motor is between poles it may jump to the nearest pole (slight bump).

! Take MACH out of RESET by pressing the RESET button on the MACH Screen

I With MACH loaded and the BladeRunner Profile running, use the left and right arrow keys on the
keyboard to jog the X mot\or. The default jog rate is 50% of full speed. Push/hold the SHIFT key
before you push an arrow key and the jog rate goes to 100%.

I Turn off the DC again and move the same motor to Y and power it back up. Test jogging Y using
the Up and Down arrow keys.

I Do the same thing with Z (Page Up and Page Down keys) and A (- and + on numeric pad).

I Hook up all of the motors and Load a G-code file (Look in MACH3/GCode folder for the
Roadrunner test file.

Picture is of older BladeRunner with vertical
Motor plugs. BladeRunner Il has horizontal motor plugs



Setting the initial Steps per Unit in MACH3 motor tuning.

Every table will have different Steps Per Unit, Velocity (max speed) and Acceleration settings. To
do testing on the table you must determine the correct settings for your table. Use the following
method:

For Steppers:

1. Determine the number of steps your motors need to make one full revolution
(Normally 200 for most steppers)

2. Multiply by the Motor Driver microstepping rate (10 for BladeRunner/Gecko
drivers) = 2000 steps for one motor revolution.

3. Determine the drive ratio of your mechanical drive (how far does the leadscrew
or pinion move the load with one revolution of the motor).

4. Convert everything to you Units (inches/millimeters) and same time
measurements (seconds or minutes).

Using 1 and 2 above we know we have to send 2000 pulses (step pulses) from MACH to rotate
the motor one complete revolution (360 Degs).

The rest of the math is based on the transmisson ratio(s) between the motor and the final drive
element. If it's Rack & Pinion you need to know the DP (diametric pitch) or the tooth count of the
pinion gear and the TPU of the Rack (Teeth per unit)

If it!s a direct drive leadscrew you need to know the treads per unit (TPI for inch units)

We have to determine how far the load moves (in units) for each REV of the motor.
Lets do a direct drive leadscrew of 5 TPI

It takes 5 turns to move the load one inch of linear movement so the steps per inch (unit) of the
axis is simple: 2000 [number of steps for one rev] X 5 [number of Rev to move one inch] = 10.000
steps per inch. (.0001") resolution. About 6 to 7 times the torque. 1/5™ the motor Speed.

Now let!ls do a R & P direct drive and an R & P with a belt reduction transmisson:

For a R & P the distance traveled per rev of the pinion is given by the DP of the pinion X PI
[3.1416]. Ifwe use a 1" DP pinion the distance traveled is 3.1416" per rev of the pinion So a
direct coupled motor gives us over 3" of travel per rev. To get it back to a Unit (1 #) it would be
the number of steps (2000 from above) / 3.1416 or 636.6183$ .as you can see, the resolution at
.00157 per step is MUCH courser than the 5 TPI leadscrew. The max velocity (speed would be
over 8 times the leadscrew but with 1/3 the torque of the motor specs) is over 2000 IPM.

To gain back the lost resolution and torque you should belt reduce between the motor and pinion.
With a 5:1 ratio you would see the numbers change to:

2000 /3.14165 X 5 or 3183.1 steps per inch (.000314 inch). Torque would be 1.66 times greater
than motor rated torque.

NOTE: DO NOT use the microstepping in a #rue" resolution calculation for accuracy.
Microstepping is for motion smoothness and cannot be counted on to actually position the motor
shaft at a fraction of a motor pole (between poles). It can be off and the faster the motor spins
the less effect microstepping has. The only true resolution will be the 200 steps per rev of the
motor. In practice it will be somewhat better especially at slower RPM but it varies.
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For proper tuning of MACH3 please refer to the MACH 3 manual. The exact
tuning of the software is beyond the scope of this document.
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Motor Tuning Screen in MACHS3

Testing the BladeRunner for motor control
. In order to get motion and you need to have MACH3 running with it out of E-stop and the CP LED

on the front panel active (ON). Without CP active, you will not get motion.

Make sure all of the cables are connected.

Power up the BladeRunner

Load Mach3 with the proper profile (BladeRunner) and Screen

Turn on DC Motor power using the ON button on the Front Panel

Motors should #ock" when power comes on to the motors

Hit the Reset button. The LED over the Reset in MACH will turn solid Green

The CP LED on the front panel of the BladeRunner will turn solid Yellow

Use the keyboard arrow keys to jog your machine. Donlt worry if they jog the wrong way
with the keys or the wrong axis jogs. We will fix that later.

The Optional test Step and Direction Monitor will confirm that the signals are getting out to
the EzPlug G251-4 Driver card. If the LED!s flash and you are not getting movement the
problem at and the motor drivers. Check your cables and connections carefully. The DB
connectors need to be seated and the holding screws tightened for each cable. Sporadic
motor movement or direction changes (without changes at the Step & Direction Monitor
indicates one winding on a motor may not be making good connection



Setting up the proper axis direction and motor tuning

While the Profile file (BladeRunner.XML) provided with the unit sets up all of the
pins there are several things we don't know about your machine and so certain
parameters have to be set based on your specific machine. .

Note each axis has a Step and Direction pin.
At this point do not worry if the axis moves in the wrong direct ion, simply

that you have the axis as you define them correct

The next step is to make the axis movement agree with the DRO and g-code
commands for that axis. The DRO (Digital Read Out) for each axis is at the top
of the screen. You will need to take MACHS3 out of E-stop by pressing the Reset

button.

Jog your machine so the cutting head is away from the Homes (approx
center of the table is good). Don't worry if the jog keys aren't correct or
that the DRO!s are running in the wrong direction.

If your machine is setup so that one corner is X0,YO (lower left corner?)
then all moves from 0,0 should be a positive number.
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The MDI is a line to allow you to type in direct g-code commands to make
the machine make specific moves. You don't need to have a deep
knowledge of g-code to use it for testing.

(Your MDI may look different)

When you type in a g-code command it is not case sensitve but be sure to
use zeros's and not #'s" for the numbers! At this point do not worry
about which hotkeys are assigned to a direction

With the machine out of e-stop and power on, type the following into the
MDI Frame:

0 Move the screen cursor to the MDI frame and click on it. The frame
background color should change to yellow meaning it is ready for
input. No other movement keys work when the MDI frame is
selected.

o GO0 X3.0

o0 Enter key activates command

The X axis should move 3 inches in some direction It should have moved
away from your established X zero and the DRO numbers should have
increased. If it did not then you need to reverse the direction of axis
travel.

To reverse the direction of any axis open the Ports and Pins/ Motor
Outputs and change the polarity of the Dir LowActive setting for that axis.
Clicking the Green Checkmark or the Red X will swap the definition. Red
X is posiive and Green Check is negative polarity.

Work with each axis to establish that the movement direction is correct.
Use the MDI frame and change the axis letter from X to Y then Z. Do
NOT change the polarity of the step signal (Should always be Red X

for BladeRunner

MACHS3 Setup



The final step is to open the Config/System Hotkeys menu and for each
direction select the keyboard hotkey you want to use for that direction of
travel. Now when you press that key the machine should jog in the proper
direction. There are lots of other parameters in the menus. For more
information about them use the MACH3 manual.

A word about homing : It works well to have each axis with a Home switch
and to make that position #0" (absolute zero) for that axis. The Z with a
floating head (discussed later) is an exception.

By having it setup with X and Y that way, you can always re-establish your
position on the table. There are circumstances where the DRO position can
vary from the actual machine position. An example is if you do an e-stop
during a cut. That form of stop stops the machine instantly and any code in
the look-ahead buffer is dropped.

The only way to be certain you have not lost position is to home each axis
and reestablish where 0,0 is. The homing in MACH3 is setup using the menu
under Config/Motor Home/Soft Limits

(Note: the example above is for our machine and may vary for yours!)

There are several parameters of interest. If you click the Ref X button next to the
X DRO on the Main Screen the machine should start moving towards the home
switch for that axis at the speed listed in the Speed % column for that axis. If it
moves in the wrong direction flip the polarity of the Home Neg value. You will
have to close the menu to test the move. Make sure all axis!s move towards the
home switch for that axis when the button is activated. The machine should
move to the home switch, the switch should make contact and the movement
should stop and MACH3 will back off the switch slightly to #un-make" it. You can
use the Diagnostics page in MACH3 to #see" the LED for each axis come on as
the switch is made and then go off. All limit LED!s should remain off unless the
switch is activated. You can test each switch manually by pulling up the
diagnostics screen and manually clicking each switch on your table and watching
the LED!s.

If your switch location is not where you want X and Y table zero!s (0,0) to be then
you can tell MACH3 what offset you want to use. Normally the offset will be a
negative number since it says #his axis switch is past the established zero point
on the table". The 20% homing speed that is default works well. You do not
want to home at high speeds as accuracy (repeatability) will suffer.

MACHS3 Setup



Confirming proper operation

1.

2.

3.

With Mach3 running and the BladeRunner powered up we are going to go
through a series of tests that will confirm the unit is operating .

Make sure the BladeRunner-Router.set file is the screen for the
BladeRunner. The CandCNC logo will appear lower left corner.

For Use with the Optional Digital Torch Height (DTHC) or Isolated Spindle
Speed (ISS-02) you need to run an INSTALL for those features and it will
add the proper profiles (XML!s) and Screens. Refer to the manual for your
expansion module that will guide you through adding and setting up those
options.

NOTE: If the screen or any buttons or the background is wrong/missing make
sure that the CandCNC directory was created under the Bitmaps directory of
MACHS3 and that the BladeRunner-Router.set is installed in the Main MACH3

folder.

DO NOT USE THE default files that come with MACH3

4. To confirm proper operation of the serial port, Make sure you have the

screen showing that has the #BladeRunner Parameters" section in the
lower righthand corner. When the unit is taken out of RESET you should
see the values for Temperature display. The motor voltage and current
will display zeros. NOTE: As stated, the Serial Port is not required for
operation of the BladeRunner as a router or mill controller (no Expansion
Modules) but you will not get the values on screen for the Motor
information. The processor in the BladeRunner will still function and
shutdown the motion and DC power if any parameter falls outside the
safety margins. You MUST use the serial port interface with the DTHC or
ISS-02 Expansion Modules. See the manuals for those modules for more
information

Confirm the operation of the Table I/O card. Make sure it is connected and that
you have your table Home switches connected as shown in the diagram. Open
the Diagnostics screen in MACH3 and watch the #M Home" group of status
LED!s at the upper right side of the screen

MACHS3 Setup



The X Home should light up when you manually activate X Home switch. It
should be off when the switch is not active. If it is reversed (i.e. goes OFF when
you activate the switch but stays on otherwise) you will need to reverse the
polarity of the switch in Ports & Pins/ Input Signals. We recommend using
normally open (NO) contacts on Homes and Normally Closed (NC) contacts on
the far limits (if used).

The far limits are wired in series external to the Table I/O card and it is setup so
breaking the string at any point activates a hard limit. The hard limits are safety
switches located at points on the table to prevent the machine from going past
the table travel limits. You can have far limits (opposite the 0,0 location of the
table) AND near limits (at points where the machine would crash on the other
side of the Home switches. Limits are optional and on stepper based systems
you could elect to have just hard stops since the motors can be stalled without
damage. Servos present a different issue. There can be conditions where a
servo will #un away" like if an encoder wire comes loose or becomes defective.
Servos are harder to stall and can self destruct if allowed to stall and voltage is
still being applied. The BladeRunner is a stepper based system.



