Assembling CNC Machine Electronics Panel

1: Mechanical Assembly
1. Before starting, Drill out the top center mounting hole on the panel to about 3/8”. Deburr and chamfer the
edges of the hole so they are smooth and burr free. The Z axis motor wires will pass thru here later.
2. Mount power supply to the panel using the 4 - M4 x 5mm screws through the panel into the tapped holes in the
back of the supply. Ensure the terminal end of the supply is toward the center of the panel. MAKE SURE TO SET
THE VOLTAGE SWITCH ON THE BOTTOM OF THE SUPPLY TO 115V!
3. The Stepper controllers need to be mounted next. They require 2 holes to be drilled in each one. Using a caliper
set to 4mm; mark the heatsink on the side opposite the connectors 4mm from each outside corner of the
bottom fin. Center punch and drill these holes to 9/64”. Deburr the holes. (Be very careful that no metal chips
fall into the electronic circuit board. A piece of 2” masking tape around the edges of the heat sink should
prevent this.)
4. Mount the stepper controllers to the 4 sets of holes on the panel. Use a 6-32x3/8” screw thru the panel from
the back, and a nylon lock nut between the fins on the heatsink. Use a pair of needle nose pliers to install and
hold the nut. Make sure the circuit board faces away from the power supply as shown.
5. Mount the Arduino socket board to the middle set of holes on the left of the panel using 2 - 6-32 standoffs with
nuts and star washers on the panel side, and two 6-32 x 3/8” screws on the board side. Make sure the board is
oriented with the USB socket facing the end of the panel. The screw terminal board should be mounted with
the pins labelled D12 and D13 toward the outside of the panel, away from the stepper drivers.
6. Put a 25mm screw in the center second from the bottom mounting hole of the panel, with a star washer under
the head (back of panel) and a black serrated nut on the component side of the panel. This is your chassis
ground screw.
7. This concludes the mechanical assembly. The panel is mounted to the rear of the Axis support brace with 3 x
45mm screws, 35mm standoffs, and flat washers next to the extrusion. The center screw/standoff is in the
bottom hole on the mounting panel, the end ones are in the second holes. Don’t mount the panel yet, until it is
fully wired. (Don’t forget to put 4 tee nuts in the back of the X Axis brace, one in the top slot and three in the
bottom slot!) Put an extra tee nut in each slot, LHS for use later to hold a cable clamp for the line cord and the
USB cable.

2: Stepper Driver / Controller Wiring
1. Make a jumper wire using green 14ga wire with a blue ring terminal on both ends about 2” long. Place this on the
chassis ground terminal (has a symbol that looks like an upside down Christmas tree) of the power supply and the
chassis ground screw on the panel. Make sure to put a star washer under the terminal on the chassis ground screw.
Screw a nut on the screw temporarily to hold the terminal in place.
2. Using the 4 supplied fuse holders with pigtails, make 4 power leads for the stepper drivers. A ring terminal goes on
one end, and a wire ferrule on the other. I usually put two power wires into one terminal on the power supply end.
If you don’t have wire ferrules, strip ¼” of insulation off the wire and solder tin the ends of the wires. Cut the leads
so they fit neatly between the power supply and the +V leads on the stepper controllers.

3.
4. Do the same for the negative supply leads of the stepper controllers, using 16 Ga black wire, again with ferrules on
one end and ring terminals on the other. Connect the ring terminals to the V- terminals on the power supply.
5. Each stepper controller must have its own pair of power leads running back to the power supply. DO NOT “DAISY
CHAIN” 24V POWER TO THE DRIVERS. Make Sure Polarity is correct!
6. Now you can start to wire the controller. Cut jumper wires to fit between each +5 terminal on the stepper drivers,
and connect all 4 of the +5v terminals together, daisy chaining from driver to driver.
7. Do the same with the “Enable” connections.
8. Wire the “Step” and “Direction” inputs on the drivers to the associated step and direction outputs on the controller.
Note:
8.1. The usual order of drivers is (L to R, rear view as in photo above) Z Axis (closest to power supply), Y1 Axis, Y2
Axis, X axis.
8.2. Use 22 or 24 ga. wire to make the connections
8.3. Use wire ferrules or solder tin the ends of all wires
8.4. Trim the lengths to make a neat harness and tie wrap the wires together.
8.5. Note that the Y1 and Y2 driver step and direction inputs are daisy chained together on the modules.
8.6. Use the 5V terminal on the Nano (4th from bottom right in photo below) to connect to the Driver +5 terminals
8.7. Connect the daisy chained Enable inputs on the drivers to D8 on the Arduino
8.8. X Step input goes to D2, X Dir goes to D5, Y Step inputs go to D3, Y direction inputs to D6, Z Step to D4, Z Dir to
D7.
8.9. No negative supply connection is required.

3: Motor Wiring and Grounding
1. Wires from each motor will have to be run into the panel. Motor leads connect to the center 4 pin plugs on each
driver. The Cable Chains will have to be installed first. The larger cable chain is mounted on the side of the chassis,
usually the same side as the X axis motor. The motor and cable chain can be mounted on either side to match your
mounting table. The bottom mount is an angle bracket screwed onto the side leg using one of the existing screws,
and a triple hole flat bracket attached to the angle bracket with a screw and nut. The cable chain is screwed to this
triple hole with a couple of screws and tee nuts. It can also be attached at the front of the chassis if that is more
convenient. The top mount is just a screw threaded into an unused hole near the square wire hole in the side plate.
Put the screw through the cable chain holes, add the spacer, and a tee nut. Put the end of the screw through the
hole and add a nylock nut on the inside. Do not overtighten the outer tee nut on the cable chain, it must be free to
rotate. Make sure you have the cable chain the right way around so the hole is on the end nearest the gantry.
Remove the end mounting foot from the top end of the chain and you might want to remove the last cover plate on
the cable chain to make more room for wires.

2.

3.
4. Wires for the X axis motor should be long enough to reach. If not, cut off the plug and use a terminal block to
extend the wires. Use at least 18GA 4 conductor cable for extending motor leads, and tin the ends of the wire or use
ferrules before inserting into the terminal blocks. Run them from the motor, through the hole in the gantry plate.
Bundle the motor wires together with tie wraps when they are all installed. Try to keep the motor wires separated
from the other wiring to prevent interference. Put the plug on the end of the wires, in the following order:
4.1. Red, Green, Yellow, Blue from the top down as viewed when the plug is installed. Note: Mid and high torque
and some other motors will likely have a different wire color code. See section 4.5 below to determine proper
wiring.

4.2. Run the wires under the mounting plate up to the driver socket or straight across the assembly to the plugs. If
you run them over top of the plate, they will interfere with the dust cover.

4.3.

4.4.

4.5. NOTE: Some motors have different color coding on the leads. It is imperative that the motor be connected to
the driver properly or the driver may be destroyed! This is not covered by warranty!
4.6. There are a couple of ways to determine the motor lead connections:
4.6.1. Use a multimeter to check for conductivity on the leads. Check from lead to lead using the Ohms function
of the meter until you find a pair that has continuity between them. On a 4 lead motor, there are two
pairs of windings, as shown above. Each winding will have a low resistance (a few ohms) to its coil mate,
and infinite resistance to the other pair. After finding a coil pair, by process of elimination, the other pair
will be the other coil. Note the wire colors of the two coil pairs.
4.6.2. The second way does not require a meter. First, make sure that all leads are separated, and turn the
motor by hand using the shaft. You should feel a “cogging” as the motor turns, but it should turn relatively
easily. Now, short two leads from the motor together and try turning it again, while holding the leads
shorted. If the motor becomes much harder to turn, the two wires shorted together form one of the
motors coils. Again, by elimination, the other two wires are the other coil.
4.6.3. MARK the coil pairs and connect them to the driver in pairs. One pair goes to the first two terminals of
the driver marked A+ and A-; the other pair goes to the second pair of terminals marked B+ and B-. It does
not matter which pair goes to which set of terminals, nor does it matter which wire goes to the + terminal
and which to the – terminal. But, the pairs must be matched to the same side of the motor driver, ie one
coil is “A” terminals and one coil is “B” terminals. Just make sure you wire all the motors (X, Y1, Y2, and Z)
the same way.

If you extend the motor wires using the supplied cable and terminal blocks, ensure that you maintain the proper pair
wiring for each motor. The wire colors in the cable may not match the wire color of the motors, but just match it as
closely as you can, make sure all motors are wired exactly the same, and double check the coil pairs are correct before
connecting to the driver. Write down the color coding used. If you use pluggable terminal blocks, put a tie wrap around
the plugs to prevent accidental disconnection. This may destroy your driver if plug comes apart while powered.
A mistake here will smoke your driver! This is not covered under Warranty, you will have to purchase new drivers.
Ideally, you should check the wiring after installing the plug using the shorted coil method to make sure you have the
plug wired correctly before plugging it in and powering up.
5. Mount the smaller cable chain on the top center of the brace using a tee nut and screw. You will have to drill out
one of the center mounting holes with a 5mm bit. Remove the mount end of the cable chain from the end with the
hole, so you can use it to mount the chain on the screw. Secure the other end to the top part of the X carriage using
the long screw, tee nut, spacer, and nylon nut as shown. Leave the cable chain nut loose so it is free to move. Make
sure the bottom end of the cable chain is in the exact center of the cross brace.
6. Wires for the Z axis are extended using terminal block and 18 ga. 4 conductor cable as above and run though the
cable chain and then through the hole drilled in the mounting plate earlier. Go directly from the end of the cable
chain through the hole, and install the plug with the same wiring as above. You may have to take a couple of links
out of the cable chain. Make sure the cable chain does not bind when moving the X axis from end to end. Also,
make sure that the wires coming out on the Z axis end are long enough so the wires do not bind through the full Z
axis travel.
7. Also shown is the wire for the LED lighting. Use 2 conductor 22 ga cable, and connect it to +V and -V on the power
supply. You should have an unused screw on the supply for both +V and –V. Ensure polarity is correct on both ends
of the wire. Run it through a mounting hole on the plate and into the cable chain and connect it to the LEDs,
ensuring the wire is secured out of the way so it doesn’t get caught on anything, and it is long enough to allow full
travel of the Z axis. Use a couple of 1/8” cable clamps with screws and tee nuts to hold the cable onto the front slot
of the c-beam.

8.

9. The wires for the two Y axis motors will have to be extended. Some motors only come with short leads, in this case
cut the plug off and extend these motors with terminal blocks as well. Use the 4 conductor 18 ga. stranded cable.
Using a 4 pin terminal block, make the splice from the motor leads to the cable. If you don’t have wire ferrules, tin
the stripped ends of the wires before inserting into the terminal blocks. You will need to do each motor separately,
and run the cable back through the side cable chain to the controller. Make sure the cables and terminal blocks are
properly secured out of the way of any moving parts. Label the motors Y1 and Y2, as well as the stepper controllers.
See 4.5 above.
10. Once you have the cables the right length, cut them, strip off the jacket, tin the ends, and wire up the plugs for the
stepper drivers with the same wiring as above. As with the X axis wires, run them under or in front of the controller
plate and up to the socket or across the back and plug them in. Use tie wraps liberally to keep the wires in a bundle
and up out of the way.
11. Install the power cord. Cut off the IEC socket from the power cord, and run it up through the side cable chain
through the hole in the gantry plate, and over to the power supply. Strip back about 2” of wire from the power
cord, and strip the wires and put red ring terminals on them.
12. Connect the green wire from the power cord to the chassis ground screw, with a star washer under it. Put a thin nut
on the screw and tighten it up. You should now have, in order: black serrated nut, star washer, terminal from
power supply, star washer, terminal from power cord, thin nut.
13. Connect the white wire from the power cord to the Neutral terminal on the supply, and the black wire to the Line
terminal on the supply. Use the third tee nut on the support rail to mount a cord strain relief clamp to hold the
cord. Mount an additional cable clamp on the bottom hole of the left end of the panel using a 10mm screw and tee
nut.
14. Now you need to do the safety grounding for the machine. All parts of the chassis need to be grounded for safety
and to drain away static charges. Run a 14 ga. green wire from the X motor. Put a ring terminal on the end of the
wire, and put it along with a star washer (star washer between the terminal and the motor housing) under one of
the motor mounting screws. Run the wire neatly through the v-slot to the chassis ground screw on the mounting
plate. (run the wire underneath the plate) Cut the wire to length; put another blue terminal on the end of the wire,
then a star washer on the screw, then the terminal.
15. Repeat this step for one of the Y motors, (wire through the bottom cable chain) the X carriage, (wire through the Z
cable chain) and the Z motor. The one from the Z motor can be a short wire from the motor to a screw and star
washer on the X carriage near the top, then another wire from the same screw through the cable chain to the main
chassis ground. Make sure the lead from the Z motor is long enough so it doesn’t bind during the full range of Z
travel. See photo 9 above
16. After the main chassis ground nut, the order on the chassis ground screw needs to be star washer, terminal, star
washer, terminal etc. Put a nylon locknut on the end of the screw after all wires are installed and tighten it down.
17. NOTE: the “Chassis Ground” screw on the mounting plate is a tie point for the third wire in the power cord. It is a
Safety ground ONLY, and has no connection to the power supply V- (or any other) terminal. No circuits can be tied
to this Chassis Ground screw except for the green ground wires from the motor mounting screws. These wires are
necessary to prevent a shock hazard should a wire be frayed or otherwise come into contact with the chassis. They
also serve to drain away static charges which can build up to dangerous levels when machining dry wood.
18. NOTE: The term “ground” is sometimes used to indicate the circuit negative return terminal. This nomenclature is
confusing and may lead to wiring errors. In this document, “V-“ is used to indicate the power supply negative return
terminal, and “Chassis Ground” is used to indicate the safety ground for the machine. These two circuits are never
connected together. It is probably prudent to check continuity between your power supply V+ and V- terminals to
the chassis ground terminal before powering up the system. There should be NO Continuity (> 2 Megohms)
between any of these points.

19.
20. Install the USB cable through the side cable chain, through the hole in the gantry plate, and plug it into the Arduino
Nano. A 1/8” nylon cable clamp mounted through one of the mounting holes with a screw is a good idea here as
well.
21. Leave an S shaped loop in the cable so it doesn’t put pressure on the USB connector.

4: Misc
1. Mount the panel on the center of the rear brace using the supplied washers, standoffs, and screws. Put the
screws on the ends on the second hole up from the bottom, and the one in the center on the bottom hole. The
order here is screw, plate, standoff, large washer, tee nut (in the slot). Make sure you put tee nuts in the slots on
the brace before mounting it. One on the top slot, three in the rear bottom slot, two in the rear top slot.
2. Wire up the E-stop, starting with the switch end. Drill a hole in the end of the case with the solid plug just large
enough for the wire to go through. Connect the wires to the Normally Open (green) switch inside the box, and
put a tie wrap on the wire inside the box to prevent it from getting pulled out. Run the cable through the cable
chain and terminate it to the GND (black wire) and RST (red wire) pins on the Arduino Nano.
3. Wire up the Z axis touch plate if equipped, to the A5 and GND pins on the Arduino. Touch plate goes to A5,
alligator clip goes to GND terminal. Note that this terminal is not the same as (and should not be connected to)
Chassis Ground, or -24V!
4. Install the dust cover using the supplied hardware. You will have to drill holes in the dust cover. Put it in place
and mark hole locations with a sharpie. NOTE: drilling acrylic is difficult to do without cracking it. I suggest
using a small step drill on low speed, and support the back of the acrylic with a wood block. Drill with low
pressure and be very careful. Put the bracket on the back of the electronics panel. The lip of the dust cover
should sit on top of the electronics panel as shown.

5.
6. If you are using the Router Control power bar, you need to run a 2 wire cable from the Arduino controller to the
terminals on the side of the power bar. Red wire to Arduino D11, black to Arduino ground (your colors may
vary). Then run the cable through the side cable chain, and leave a meter or so to allow positioning of the
power bar out of the way. Cable will need to be at least 2.5m long. Connect the wires to the terminal block on
the side of the power bar, red to +, black to - (Your wire colors may vary). You should have a connection from
Arduino D11 to +input on the power bar, Arduino GND to the – input. Use g-code M3 to turn on the router, M5
to turn it off. Note that this power bar does not support router speed control. Plug the router into the Normally
Off on the bar. A vacuum can also be plugged into the second Normally Off outlet if desired.
Note: the maximum load for this device is 15A, the combined draw of your router and vacuum cannot exceed
1500w. Overloading may trip your main panel breaker, the internal breaker in the power strip, or damage the
device.
Note: When using the Tripp Lite power filter, it must be plugged into a separate circuit from your router. Plug
your CNC machine electronics and your Laptop or computer into the power filter. This filter removes line noise
from other devices such as brushed motors (the router, vacuum) that may affect the operation of the router
electronics or your computer. Do not plug the Tripp Lite into the router control box.

5: Safety Notes
1.
2.
3.
4.
5.
6.

Never plug or unplug motors or power plugs into the Stepper Drivers with the power on!
Check and double check all you motor/terminal block wiring to make sure it is correct
Don’t forget to set the voltage switch on the power supply to 115V
Never change switch settings on the Stepper Drivers with the power on!
Always plug the system into a grounded 3 wire outlet.
A power filter is recommended for the electronics and computer. Note that this is a power FILTER, not just a power
bar. Tripp Lite makes some excellent units.
7. Don’t plug the router into the same outlet as the electronics. Noise problems may result.
8. Keep the dust cover in place at all times to prevent electrical shock.

6: Stepper Driver Switch Settings
You need to set the switches on the stepper drivers before assembly. In general, I set all the switches on the red DIP
switch to 1. (Note that the switch has a legend printed on it that On is towards the edge of the board, but the board has
a legend on it that says on is toward the center of the board. The board legend is correct, ignore the marking on the
switch.)
This sets the microstepping for the motor at 8:1, i.e. the driver need 8 pulses to move the motor one step. You can
change this, but 8:1 seems to be the best compromise between resolution and torque. This requires the Steps/mm
setting in GRBL ($100,$101, and $102) to be set to 200. Larger motors with more torque may be able to be set to 16:1,
which will double the resolution. This requires the Steps/mm setting in GRBL ($100,$101, and $102) to be set to 400.
The legend for this setting is printed on the board.
The other 3 black dip switches are the motor current settings. For most NEMA23 motors the proper current is 2.8 amps.
With all the black switches set toward the center of the board, the current will be 3 amps, which is close enough.
Set all the switches before assembly, and recheck them before power up to insure that they were not accidentally
changed. Never plug or unplug anything from the stepper controller with the power on, it may blow the driver. Also,
never change the switch settings with the power on.

7: GRBL Configuration Settings and Calibration
This is a section that requires its own description. Use the description on my Blog:
http://3dtechworks.ca/Blog.htm#Anchor7
It covers the settings, and calibration of the machine after it is powered up.
Factory GRBL Settings Reference
This is a starting point; you may need to modify some settings depending on your machine configuration
$0=10 (step pulse, usec) – This is the width of the step pulse in microseconds sent to the stepper drive

$1=255(step idle delay, msec) – This is the delay in milliseconds after a move instruction before the stepper motors are
disabled. Setting this to 255 keeps motors always enabled. This is only used when the enable inputs of your drivers are
not used.
$2=7 (step port invert mask: 00000xxx) – These are binary mask bits that set the polarity of the step pulse. 0 = normally
low, high pulse, 1 = normally high, low pulse. Only the last 3 bits (LS) are used, order ZYX.
$3=0 (dir. port invert mask: 00000111) - Binary mask bits for the direction signal to the stepper driver. 0 = normally low,
1 = normally high. Again, only the last 3 LSB are used, ZYX. If your motor goes the wrong direction, reverse the setting of
the relevant bit.
$4=1 (step enable invert, bool) – direction of the enable line. 0 = normally low, positive direction, 1 = normally high,
negative direction.
$5=0 (limit pins invert, bool) - inverts the polarity of the limit switch inputs (normally high, active low)
$6=0 (probe pin invert, bool) – inverts the polarity of the Probe input (normally high, active low)
$10=3 (status report mask: 00000011) - This setting determines what Grbl real-time data it reports back to the user
when a '?' status report is sent.
$11=0.020 (junction deviation, mm) – This setting determines the speed algorithm when GRBL approaches a corner.
Usually not altered
$12=0.002 (arc tolerance, mm) - This setting has to do with how GRBL does arcs by breaking them into many small line
segments. Not usually required to be altered.
$13=0 (report inches, bool) – Changes the units reporting from mm to inches
$20=0 (soft limits, bool) – enable/disable soft limits (numerical entry)
$21=0 (hard limits, bool) – enable/disable hard limits (switches)
$22=1 (homing cycle, bool) – enable/disable homing cycle
$23=3 (homing dir. invert mask: 00000011) – sets direction of travel for homing cycle for each axis. Last 3 bits set
direction for ZYX respectively
$24=200.000 (homing feed, mm/min) – speed of movement for last part of homing cycle
$25=1000.000 (homing seek, mm/min) – speed of movement for first part of homing cycle
$26=50 (homing debounce, msec) – debounce time in milliseconds for homing switches
$27=1.0 (homing pull-off, mm) – amount of pullback when homing routine hits a switch. Ensures that switches are not
still activated after homing cycle if limit switches are enabled.
$100=200.000 (x, step/mm) – Steps per mm for X axis (assuming 1/8 microstepping. Set to 400 for 1/16 microstepping)
$101=200.000 (y, step/mm) – Steps/mm for Y axis
$102=200.000 (z, step/mm) – Steps/mm for Z axis - These 3 are the calibration values for the 3 axes, and compensate for
the leadscrew pitch or belt teeth/mm, microstepping, and stepper motor resolution. These may need to be adjusted
slightly for axis movement calibration.
$110=3500.00 (x max rate, mm/min) - maximum speed for the X axis
$111=3500.00 (y max rate, mm/min) – Maximum speed for the Y axis
$112=2000.00 (z max rate, mm/min) – Maximum speed for the Z axis
$120=75.000 (x accel, mm/sec^2) – acceleration constant for the X axis (may be able to increase these 3 if you have high
torque motors)
$121=75.000 (y accel, mm/sec^2) - acceleration constant for the Y axis
$122=75.000 (z accel, mm/sec^2) - acceleration constant for the Z axis
$130=780.000 (x max travel, mm) – Maximum axis travel for the X axis. Used for soft limits (these will need to be
modified to the actual travel of your machine}
$131=780.000 (y max travel, mm) – Maximum axis travel for the Y axis. Used for soft limits
$132=80.000 (z max travel, mm) – Maximum axis travel for the Z axis. Used for soft limits
These are minimal descriptions of what each setting does. For more information and detailed explanations of each
setting, see the Settings Reference Section of the GRBL documentation at:
https://github.com/grbl/grbl/wiki/Configuring-Grbl-v0.9

8: Electronic Assembly Checklist
Level 1 Kit
Quantity
3 or 4
8
1
1
2
1

Description
Stepper Driver module with plugs
6-32x3/8” screws, with nylock nuts for mounting above
Pre Programmed Arduino Nano board
Screw terminal shield for above
1” 6-32 standoffs with screws and nuts for mounting above
10’ USB cable standard male to mini 5 pin male

Level 2 Kit - All Items in Level 1 plus:
Quantity
Description
1
24v 350W power supply
4
M4 x 5mm screws for mounting above
1
Predrilled aluminum mounting plate
1 kit
Mounting hardware for above - 3 screws, washers, standoffs, and tee nuts
1
Acrylic smoked dust cover
1 kit
Mounting hardware for above, 2 x 2 hole joiner plates, 4 x 5mmx10 screws, 4 tee nuts
1
10’ AC power cord
3
Red ring terminals for above
2 kits
¼” cable clamps each with 5x10mm screw and tee nut
4 kits
1/8” cable clamps each with 5x10mm screw and tee nut
4
Pre wired fuse holders with 5A fuses
1
Length of black 16 ga. negative wire sufficient for 4 stepper drivers
8
1’ lengths of 24 ga wire for wiring stepper inputs
4
Blue Ring terminals for power connections to supply
4
Meters 14 ga green grounding wire
10
Blue ring terminals
1
Chassis Ground stud kit with 5mmx25 screw, serrated nut, plain nut, 2 lock nut, 12 star
washers, 5mmx15 screw
Level 3 kit – all items in above two kits plus:
Quantity
Description
1
15x40mm ID cable chain, 1m length
1 kit
3 x 5mmx10 screws and tee nuts, 1 x 5mmx65 screw with spacer, tee nut and nylock nut, 1 x 2
hole angle bracket, 1 x 3 hole joiner plate
1
15x20mm ID cable chain, 1/2m length
1 kit
1 x 5mm x 10 screws and tee nut, 1 x 65mm screw with spacer, tee nut and nylock nut
6
meters 4 conductor motor cable
4
4 terminal double blocks
3
Meters 2 conductor cable
2
Red ring terminals for led light ring wires
1
E-Stop module
2
1m slot cover
Additional Options
1. Tripp Lite Power Filter
2. Router Control Power Bar

