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Disclaimer

Specifications written in this document are believed to be accurate, but are not guaranteed to be entirely free
of error. The information in this manual is subject to change for functional or performance improvements
without notice. Please make sure your manual is the latest edition. While the information herein is assumed to
be accurate, CNCRoom assumes no responsibility for any errors or omissions. CNCRoom makes and you receive
no warranties or conditions, express, implied, statutory or in any communication with you. CNCRoom
specifically disclaims any implied warranty of merchantability or fitness for a particular purpose.
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Introduction

It is perhaps well understood that in an industrial environment, personal computers, motion
control boards and logic signals can face a large amount of interference from things such as
power cables, motors, welding machines, magnetic contactors etc.

We can help to minimize the effects of this interference by having any susceptible electronics
enclosed in a metal control cabinet and using the correct safety and best practice techniques,
which include, but are not limited to the installation of noise reduction such as an isolated
transformer and noise filters.

While these things will help us achieve a better result, using a control board designed for
industrial applications can be more important.

MachBob3 (MB3) is designed for industrial application and specifically to work with the Ethernet
Smooth Stepper (ESS) which is an excellent motion control board designed to be used with
Mach3 and Mach4

Specification and Features

e By using an Ethernet connection, the ESS is far more noise resistant than when using a USB or
parallel Port connection and therefore helps to protect the logic signal when the controller
and drives are located a large distance from the computer.

e Runs on Mach3 / Mach4 with Windows XP, Win7, Win8 and Windows10 both 32 and 64 bit, on
both desktop and notebook computers.

e New! Utilizes All 3 ports of the ESS.

e The Motion Command Signal can be selected between Pulse/Sign, CW/CCW, and Quadrature.
Frequency can be selected from 32 kHz to 4 MHz

¢ New! Differential line driver for motion signals allows for longer wiring with more resistance to
interference when compared to TTL open end.

e New! Asingle 24Vdc Power Supply is needed. There is a 5Vdc isolated and non-isolated dc2dc
converter on board, thus saving installation space and wiring.

e New! OSSD (Output Signal Switching Device) outputs and safety circuit are implemented when
a peripheral device such as a servo motor drive or a spindle VFD (Variable Frequency Drive)
trigger an alarm condition, which causes the Safety Circuit to disengage the OSSD output. This
method is used on large CNC machines to cut power from the drives.

e New! status LEDs for all inputs and outputs including motion control signals. Makes it much
easier to diagnose and troubleshoot.

e Isolated power and ground between the PC, ESS and I/O, which eliminates crossover noise and
ground loop problems.

e Polarity and over voltage protection (in conjunction with a fuse) for the 24Vdc power supply.

e New! “AnaSpeed?2”is a 0-10V precise analog output circuit has been implemented. This small
circuit island is electrical isolated from the rest of the board, but it forms itself as part of VFD
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input circuit which receives PWM signal from ESS by using light. It also has on board isolated
DC2DC module which able to supply 0-10V to VFD continuously.

e Acharge-pump signal is provided. This helps the user to form a safety interlock condition
between controller and devices.

e New! 18 Universal isolated fast inputs on port 1 and 2. They can be used as NPN and PNP
inputs, also able handle both 5V and 24V. (see Appendix | MB3 Specifications)

e New! 5 Universal isolated super-fast inputs on port 3. They can be used as NPN and PNP
inputs, also able handle both 5V and 24V. (see Appendix | MB3 Specifications)

e 14 NPN isolated output terminals capable of sinking current up to 70mA for each channel and
up to 500mA per group.

e New! -3 onboard relays with both NO/NC contacts and 2 of them can select “Off Delay Time”,
which can be used for such application as “Z Drop Protection.”, Please see it on page 32 [*4].
Off Delay timer.

e The K3 Relay can be controlled by a charge pump signal. Please see it on page33, [*7]. K3
Relay pin select. Showing the appropriate solder bridge for modification.

e New! The Raspberry Pi tall headers are used for firm connection between ESS and MB3 board.
This allows ESS to be mounted on MB3 directly without any ribbon cables. This makes the ESS
easier to install and reduces the number of contact points, signals trace distance, inductance
and resistance between ESS and MB3 board. As a result, all signals are less likely to be affected
by noise and distortion.

e Spring terminals for quicker connecting and disconnecting of cables. They are resistant to
vibration, so no more screws which have rattled loose and no more forgetting to tighten.

Precaution
WARNING

e Remember to static discharge before touching any part of ESS/MB3. Ground your body
by wearing a grounding strap or frequent touching an earthed metal chassis to release
electrostatics.

e Make sure that there is no high voltage leak from your soldering iron when soldering
the solder-bridge — the safest way is to unplug your soldering iron from the mains
power when it has reached a high enough temperature to melt the solder. High voltage
leakage from a cheap soldering iron can potentially damage the integrated circuit (IC)
on the MB3 board.

e The MB3 board is Fragile, do not drop, as it could badly damage the electronics.

¢ |n certain circumstances, it could be possible for the MB3 board to build up excessive
heat if many of the inputs and outputs are active at same time over an extended
period. Itis therefore advisable to install a good quality cooling fan to ventilate the
cabinet.

e 24V, 3A Switching power supply is recommended for powering the MB3 board. In case
of accidentally reversal power lead. The switching power supply will stop working.
There is no harm to any component of the board. However, the fuse will be blown or
even damage to the board if high current switching power supply being used.
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Quick Reference

Common 24V for NPN inputs

l << Two types of wiring are
1‘ 24y 0V_¢ given as an example.
(©) HERRRRERRRHOREORERREoRHOd | (©)
A VA A VA T4 VA A T A YA YA T4 YAV YA VAV YA VAVl PA VAVl ¥4 VA YA VATl YA A A A
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P EEEE P o YR PYIFTNIE T Y 5 0 S TREE o L e
| B R LI FEER AR et ol
vee [N
xs+fl NIcO
XS-:SEY% M}&
xo+R[ N Drive
N i =m0 fEREY XXX [
SRS, BBEEEEEEE  555555:25508308805:08
A g F° @ S Sl |-
S AANDARDDANNDANAD DD DO AD DA AN DDA Shrinkage part
OO OOOCOOOOOEOOGOOOOOOOOOEOOGOOON @
oo oo oo
030 030 030
o> |[f-lf= el NO, NC contacts x3 ¥ Power Supply
<Z 24Vdc
VFD
Inverter
*Qutput can sink current up to 70 mA

Figure 1, MB3 Overview Connection

Portl (output) Port2 (Pins 2-9 as input) Port3 (Pins 2-9 as output)

Pin| I70 | Act Term Name 1/0 Type Pin] 170 ] Act| TermName 1/0 Type Pin] 170 ] Act| TermName 170 Type

1] 0 H [SPD(Spindle) [Sink output 1] 0 H [NO1 Relayl [Contact 1] 0 H [Y301 Sink output
2| 0 L [XS (X Step) Line driver 2 1 L |OSSD SafetyFeedBack 2] 0 H Y302 Sink output
3|0 L |[XD (X Dir) Line driver 3 1 L |X203 NPN/PNP input 3|0 H |Y303 Sink output
4| 0 L |YS (Y Step) |[Line driver 4 1 L |X204 NPN/PNP input 410 H [Y304 Sink output
5|0 L |YD (Y Dir) Line driver 5 1 L |X205 NPN/PNP input 5|0 H [Y305 Sink output
6| 0 L |ZS (Z Step) |[Line driver 6 1 L |X206 NPN/PNP input 6| O H [Y306 Sink output
710 L |ZD (Z Dir) Line driver 7 1 L |X207 NPN/PNP input 710 H [Y307 Sink output
8| 0 L |AS (A Step) Line driver 8 1 L |X208 NPN/PNP input 8| 0 H |Y308 Sink output

91| 0 L |AD (A Dir) Line driver 9 1 L [X209 NPN/PNP input 9] 0 H Y309 Sink output
10 1 L |X110 NPN/PNP input] | 10| 1 L |X210 NPN/PNP input| | 10| | L |X310 NPN/PNP input
11( 1 L |X111 NPN/PNP input] | 11| 1| L |X211 NPN/PNP input| | 11| | L |[X311 NPN/PNP input
12 1 L [X112 NPN/PNP input] | 12| I L [X212 NPN/PNP input 12 1 L [X312 NPN/PNP input
13 1 L |X113 NPN/PNP input] | 13| I L |X213 NPN/PNP input| | 13| | L |X313 NPN/PNP_input
14 O H [CP(ChargePump]Sink output 14| O H [NO2 Relay2 [Contact 14| O H [Y314 Sink output
15| 1 L |X115 NPN/PNP input] | 15| | L |X215 NPN/PNP input 15| 1 L |X315 NPN/PNP input
16| O L |[BS (B Step) Line driver 16| O L |CS (C Step)|Line driver 16| O H |Y316 Sink output
17| O L |BD (B Dir) Line driver 17| O L |CD (C Dir) |Line driver 17| O H [AO Analog output
L=Low Active Analog PWM frequency = 260hz
H=High Active NO3 Relay3 can be controled by Y101, Y317, CP LPT3 all inputs are high speed inputs.

Table 1, Ports n Pins Reference and Active High/Low Tables

Quick Reference is a summary for the experienced users.

Figure 1 is a shrinkage view of MB3 board. It shows the connection of inputs & outputs, power supply,

analog output for the VFD and axis signals.
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Table 1 is a summary of Ports and Pins and their corresponding reference numbers. All pin numbers
preceded by an “X” are inputs and if preceded by a “Y” are outputs. Using X110 as an example. The
“X” means it is an input. The first digit “1” is the port number, the last 2 digits “10” is the pin number.

MB3 Layout
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Figure 2, MB3 Board Layout
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18-26 AWG

_— ’
4>( }4— 8-9mm

Input (CN1) — Input terminals, consisting of 23 channels. NPN/PNP, 5/24V selectable.

Axis (CN2) — Axis signal terminals, consisting of 6 axes, which are; X, Y, Z, A, B, C

Output (CN3) — Output terminals, consisting of 14 NPN sink outputs, Analog signal, 3 Relay’s
NO/NC and an inlet for the 24Vdc power supply

LPT1-3 — Connectors for the ESS

RJ-45 — Communication connector, part of the ESS board

ESS and MB3 piggyback

The ESS receives its 5Vdc power from the MB3 when all three jumpers of ESS are closed, which
is the default setting. But you may need to change the jumpers do so before you install. This
eliminates the need for an external 5Vdc supply.

The Raspberry Pi tall headers are used for firm connection between ESS and MB3 board. This
allows ESS to be mounted on MB3 directly without any ribbon cables. This method will
eliminates a number of contact points, distance, inductance and resistance between ESS and
MB3 board which allows signals go forth and back faster. Furthermore, this makes both
companions look nicer, lower in height.
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Figure 3, ESS board installation
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MB3 Connection Diagram

Input Circuits

Z drive

2

Ethernet Cable

VFD Output || 24VPC
Power

@ Circuits Supply

spindle

Figure 4, Connection Diagram

- —
47 SmoothStepper System Configuration Utiliyy v.13.1.0 u - _@l&“g

File MNetwork Adapter Types  Help

Step 3: Listening for Ethernet SmoothSteppers : -

The 'Detected ESS(s)' table (at the bottom of this window) will update every few seconds with any detected ESS(s), but it may take upto a
minute fer the first ping to show up (if there is an ARP issue).

If your ESS appears you may close this program and start running Mach. If your SmoothStepper does not appear within a2 minute click on '
don't see my ESS'

If you see BootP packets coming in, remove the BOOTP (JP1) Jumper from the ESS and power cycle the ESS, otherwise Mach will never be
able to connect to the ESS.

[ GoBack | |  IsecPings ClosetheSCU | | IdontseetheESS Helpme! | | Refresh Details ]
Detected Metwork Adapters

ID AdapterName Type Status BytesRX Mode AdapterlP Adapternfo
L |SmoothStepper Network 11| Ethernet|Up  [4054  |Static [10.0.9.2 | ASIX AXB8179 USB 3.0 to Gigabit Ethernet Adapter

Detected ESS(s): If your ESS appears below, CLOSE this program and start Mach.

ID SmoothStepperMAC  SmoothStepperdP SmoothStepperinfo  AdapterType AdapterdP SuccessfulPings BootPRxd
1 |EBE7:T70:00:58:6D 10.9.9.9 Ethernet 10.9.9.2 3

Figure 5, SCU utility successfully connected to the ESS.

The SCU software utility helps the user to configure Windows PC to communicate with ESS
easily. Below is the link to SCU tutorial video.
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https://www.youtube.com/watch?v=WonXbVGSVio

Hardware
Connecting the ESS to Your PC
Setting up networking for Ethernet device like ESS board is problematic for most beginners.
There are lot of tutorial video and guides from Warp9 Tech Design which help the user to
achieve this goal easily.

Warp9 Tech Design YouTube channel.

http://www.youtube.com/channel/UCpg3EROtW8xA KzrFHgn4ZQ/videos

warpg Warp9 Tech Design

868 subscribers

SUBSCRIBED 868 a

HOME VIDEOS PLAYLISTS CHANNELS DISCUSSION ABOUT Q

Uploads PLAY ALL = SORTBY

weps  Wapg  WArpQ WarpQ

Mach4 Homing and Offset Mach3 Pulleys

765 views - 8 months aga 652 views - 1 year ago

Waorp @ Warp 9 \Worp 9 |

o\ B3R

Axes Limits Override Macros in Mach3 SCU Reversion to DHCP M4 Spindle PWM

Figure 6, Youtube tutorial video for beginner.

Using the SCU to Fix Windows Firewall Issues

http://www.youtube.com/watch?v=RyRx7naF2rg

ESS Manual Setup

http://www.youtube.com/watch?v=3PahTgFQ05M

The following section has been copied with permission from the Warp9 website at;

http://www.warp9td.com/index.php/documentation/doc-ess#Connecting

The best way to connect your ESS to your PC is to use the Direct Connect method: hook the
Ethernet cable directly from your ESS to the network adapter in your PC. This will make trouble
shooting easier since there are no switches or routers between the ESS and your PC. (A switch
should be fine since it only operates in the lower 3 layers of the TCP/IP stack, but why add extra
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http://www.youtube.com/watch?v=RyRx7naF2rg

equipment if you don't need it. A router should be fine if you only have your ESS and PC
connected to it, but this will require more work to configure and setup. As a result we highly
recommend the direct connection, which is what the SCU [System Configuration Utility]
expects.)

If you don't have an Ethernet Adapter on your PC, we recommend using a PCl or PCI Express
Ethernet Adapter -OR- a USB 2.0 or USB 3.0 Ethernet Adapter. Quite a few people use these
alternatives successfully, including myself.

We STRONGLY discourage using a wireless connection to communicate with your ESS. There can
be much more latency or delay involved with wireless communications, along with a much
higher risk of dropped packets. The ESS needs a fast, stable, and consistent link to your PC.

Many people use a second Ethernet connection or their wireless connection on the PC so they
may easily connect to the internet, which is fine. When not running a machine.

While you are running Mach and your CNC system, we recommend that you refrain from
browsing the internet, gaming or streaming music or videos. This can cause your computer to
take too much time away from Mach which could cause lost communications with your ESS
(which can ruin your project).

We also recommend that you disable power saving options (monitor sleep and power off timers,
hard drive sleep timers, and computer sleep timers); these have been known to cause lost
communications with your ESS.

We also recommend that you set Windows Update to notify you that there are updates available
instead of automatically installing them on its own.

We also know of cases where antivirus and anti-malware software have caused problems. We
recommend that you disable them while you are running Mach, IF your PC is not connected to
the internet.

Note that you do not need to assign a static IP address to your computer if you program the ESS
to use an address that is in the same subnet as your computer. The subnet is the same if the first
3 groups of numbers in the IP addresses are the same. Quite often Internet routers will assign
addresses in the 192.168.0.x or 192.168.1.x ranges. If you wish to use a DHCP server for your
computer, you can do that but the ESS still needs to use a static IP address in the same subnet. A
direct connection to the ESS is the preferred way to go because there is no question as to
whether there is enough bandwidth available to run your machine reliably.

We STRONGLY RECOMMEND THAT YOU DO NOT hook your ESS up to the same Ethernet adapter
that you connect to the Internet with. There is no telling how much CPU and Ethernet bandwidth
is being used up by other applications or other devices on the network. It is therefore officially
discouraged. You are on your own if you wish to mix the Internet with your CNC data. However,
if you wish to change the IP address of the ESS, you may do so with the Configurator Utility.

www.CNCRoom.com Page 13



If the remainder of this section confuses you, don't worry. The SCU in the next section will do all
of the work for you in just a few mouse clicks! The remainder of this section is just to document
what the ESS uses and needs, you may skip to the SCU section.

The ESS comes configured from the factory with a default static IP address of 10.9.9.9 With your
ESS at 10.9.9.9, you will need to assign your network adapter to use 10.9.9.2 or another valid
and unused address in the subnet. We recommend that you keep the 10.9.9.9 IP address
assigned to your ESS, since all of our documentation and videos will use that value. In fact MOST
the user keeps this value assigned to their ESS. However, if there is a need to change it, you may
do so with the Configurator Utility.

Power Supply

The MB3 needs only a single 24Vdc power supply to operate the board. Figure 7, shows power
supply input terminals for OV and 24V. The 24V, 3A power supply is recommended for general

usage.

There is a non-isolated step-down switching regulator that converts 24V (18-24Vdc) down to 5V
to power most parts of the circuit, including the inputs and outputs.

However, there are also two special isolated DC2DC convertors are used to power the ESS board
and AnaSpeed2, 0-10V analog output.

On board there is also a small fuse for protection against over voltage and polarity reversal.

° o = s
. OFI’I cm@ N
o_oimm _C0-ENC
858883 ;:N5
] ozl [P7al = Jvzal T |
AANNANANANANZ
OORO00a0d (©)

T

oV
24V

Figure 7, Power supply connection
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Axis Connection X, Y,Z, A, B, C

AXIS CN2 terminal supplies motion command for drives.

MB3 | twiitaet()ilé)air | Drive input
i i Optocoupler
on2 XS+ ¥ . Step+

A INES 59 DOKX st T FKL

u XS- . Step- SR
zggg %% XD+ ' ' Dir+ R

o -
o INEOR . o TRk
XS- u § @ XS+ | | Step+ . .
XD+|§| § @ Line Reciever
xo- 3| NcO
YS+|§I §© | X+ Dir+
vs- 8| N O :
YD+|§| § @ I l"ui:-----o *grounding at drive side
yo- & NO tterential conacti
ZS+|§I X@ i (a) differential connection l
zs- & § @ | | optocoupler
g NCe =X T AR
20- I[N —o —o-Step- T
As+i ND | ‘I? | Dir+ N
As- 2 N XD- o ; Dir- &I<:_
£g+|§| § 8 ! ‘O *grounding at drive side
BS;E‘ § @ 1 (b) single end sink connection
Bs- | N optocoupler
BD+R| NI XS+ clg clg Step+ B
BD- B| NJCD o ostep- | F KL
cs+i N | XD+ | Dir+ .
cs- 3| N onD N/ L Dir- F2K [
e+l N©O H Y —
cp- | N @ ! e O grounding at drive side
(c) single end source connection

Figure 8, Axis command terminal and various connection modes

There are three different methods of connecting your drives to CN2.

Figure 8 (a) Differential connection has the best noise immunity. It is recommended to use

differential mode if possible.

Figure 8 (b) Single end sink connection is used if the exist connection system follows this fashion.

Figure 8 (c) Single end source connection is used if the exist connection system follows this

fashion. This connection is similar to computer parallel port.
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Inputs

By default, all MB3 inputs are 24V tolerance for industrial sensors and switches.
However, sometimes we need to interface with 5V devices, such as MPG and low
voltage sensors. On page 33, topic [*6]. 5V input tolerance shows the way to makes
the MB3 board accepts low voltage. It is recommended to use shielded cable with
shield grounded to one side only star configuration. Placing terminals or ground lugs
close to the MB3 makes for neater wiring to land shields and 0 or 5/24Vdc. The neater
your wiring the easier to work with or add to. You should also consider the whole
wiring scheme before wiring as you do not want to continually cross wires as this
makes for a rats nest.

DQQQQQQQQQQQQQQQ@QQ@QQQ@QQQ@QQQ@QQQ@QQQ (
AAANN NN NANANNNANAANDANAAAANNAAANNNNAANNL)
N N
BIXIREI 598393998 I{EsS geeeges

Figure 9, Input terminals

Figure 9 shows 23 input terminals. There are all universal inputs, divided into 4 main
groups. Each group has its own common terminal.

CM.A (OVR, X110, X111, X112, X113, X115)
CM.B (X203, X204, X205, X206, X207, X208)
CM.C (X209, X210, X211, X212, X213, X215)
CM.D (X310, X311, X312, X313, X315)

The common pin is used to select NPN or PNP. For example if CM.A connects to 24V, all
inputs in this group become NPN type and it waits for OV to be presented at the X1xx
terminal to make input active, the status LED will lights up.

On the other hand, if CM.A connects to 0V, all inputs in this group become PNP and it
waits for 24V to be present at X1xx the terminal to make input active, the status LED
will light up.

By default all inputs accept 24V, However if 5V input is preferred for particular inputs
the user can bridge the solder-bridge underneath of MB3 board.
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Input Type

NPN Type 2 | oy
| cM.B

PNP Type

L oV
ov
l cm.B

INGE ! x203

pisEd

T X203

D 3 !

5VSBOpen | gy .| 2_?_\’ svSBOpen | 24y LI
l v v
MB3 1 NPN Transistor MB3 1 PNP Transistor
ov of external device of external device
2y [ ov
ov
- CM.B -~ CM.B

1 X203

Switch

1 X203

Switch

5VSBOpen | ogy

|

|
O)

|

i :':
5V SB Open . :
pen - OV v

J_ MB3 | connectto OV MB3
ov

connect to 24V

Figure 10, Input Type: NPN/PNP, SINK/SOURCE

The words ‘NPN’ and ‘PNP’ of input type come from output transistor of connected
device which conducts current from one side to another side. The NPN transistor will
sink current from collector to emitter. The PNP transistor will source current from
emitter to collector. Sometimes, we hear the words ‘sink’ and ‘source’ with NPN and
PNP respectively.

Basic input connection with switches
| |
2 aav L OV
r—é—\ oV hé—\
A CM.A 1 CM.A

- h - h
TIz¥E | X203 iztE X203
i i
5VSBOpen | Qy 2.?." 5V'SBOpen | 24y

e T
J_ MB3 ; 24V NPN inputs MB3 ; 24V PNPinputs
ov

5V ! |

5V ov L OV
1 CM.A L | CM.A

T2 ¥E T x203 ztE T x203
i i
5VSBClose | gy 5.\{_ 5VsBClose | 5y

T T
J_ MB3 5V NPN inputs MB3 5V PNP inputs
ov

Figure 11, Basic input connections with internal power

Figure 11, shows the 4 different methods to connect a switch with on board power
supply. On the left side is NPN input type which connects a switch between input X203
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and OV. On the right side is PNP input type which connects a switch between input
X203 and power source 24V or 5V.

! 24V~ 0V ! 0V 24V
CM.B y—< >— CM.B y—< >—
X203 4, 417 . X203 g,

:: E | :: E |

5V SB Open | 5V SB Open |

-

R
o

I I
MB3 ; 24V NPN inputs MB3 , 24V PNPinputs

! 5V oV : ov 5V

l cm.B ( ) l cMm.B ( >

hd hd

5X203 4 n 5 X203 4
T T

5V SB Close | 5V SB Close |

I I
MB3 5V NPN inputs MB3 5V PNP inputs

Y
1
e
e

Figure 12, Basic input connections with external power

Figure 12 shows the 4 different methods to connect a switch with external power
supply. These connections are totally isolated from any part of the MB3 circuit. The
external circuits, for instance, could be the fault output of a VFD drive or plasma cutting
system, where rough interference noise appears on the device. Totally isolation is a key
to help ESS/MB3 avoiding from extreme interference.
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5V SB Open

VIR

5V SB Close I
— |
}i 5 * X205 o

||
W

R

e
3
?F
N
o
D

5V SB Close

MB3 PNP inputs

Figure 13, Common OV or PNP inputting can mix and match between 24V and

5V inputs
24V | 24v
- CM.B
E-Stop

1. X203 Y

i1t

5V SB Open

Z- Limit
oto— ¢

§§>f
\x
N F
&
g ¥

Diztt

%‘%

B N W

5V SB Open

— X Y z
_) 2 ﬁm_é X200 iy ote ot
|
i

5V SB Open .
P N oV

S

|

|

|

L
ov

MB3 NPN inputs

Figure 14, Conventional series connection of LIMIT and HOME switches.

Figure 14 shows the NC contacts are wired in series to form AND logic. This is a
conventional method to preserve some inputs for other tasks.

Sensors
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24v

W

5V SB Open)\ blue

OVJ_ MB3 : 24V NPN output sensor

CMA brown
XllO black,whi

IR

CM A_) blue
Dz ﬁ X110 _plack whi

24VT 5V SB Open )\ 24V brown

MB3 : 24V PNP output sensor

|
5y 5V
CM A brown
_}I ¥4 ﬁ XllO black, Whlte
OMRON EE-SX
5V SB Close | OV blue

I
I
\I/
ov | mB3

5V NPN output sensor

Figure 15, Sensor connections

Figure 15 shows the way to make connection with standard industrial sensors.

MPG / Encoder

C
5V SB Close |
o X311

5VSBCose,;LOV —_—
J_ MB3 | 5V NPN MPG/Encoder
|

Figure 16, MPG/Encoder connection circuit

MB3 board allows us to make a connection to low voltage devices. In this case, Figure
16 a 5V MPG device. It is similar to most encoders. Some encoders can do both source
and sink. So, it depends on us what input type we want to connect. The Figure 10, on
page 17 gives you an idea how to approach it.

www.CNCRoom.com Page 20



AC input

i .
B 4SM.D 24 VAC } 110/220VAC
TistE X311 :
|
5V SB Open I
|
MB3 : AC inputs for black out sensing

Figure 17, AC source interfacing.

Sometime we would like to make a connection with strange part. Figure 17 shows how
to connect and sense an AC signal. If a brown out or black out happened the controller
is able to know beforehand then it commands lock z axis brake before all devices losing
power. In this case, some power must be kept in a big capacitor as a backup for
controller and drives for few seconds only.

Outputs

Transistor Sink Output

sel (A % % A A Y Y Y %
) BB E BBy

Figure 18, Output terminals

Figure 18 shows 14 output terminals, each output can sink current up to a maximum of
70mA with a total maximum of 500 mA per group of 7 outputs.

* A diode is needed in
External circuit parallel with the coil

|
| 24v
!
|
e i Yo 5-30Vdc
*m I( P70 mA (max) External power supply

| ov
O =

-
i

MB3

Figure 19, connecting various loads to a “Y” output
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Relays

The MB3 comes with three relays; those are K1, K2 and K3. All relays provide NO or NC
contacts. The K1, K2 also provides an “OFF Delay” feature. To activate this feature the
user needs to follow the instructions as set out on page 32, topic [*4]. Off Delay timer.

These three relays are signal relays and should never be used as power relays. They
are intended to convey signals such as forward and reverse to a VFD (Variable
Frequency Drive) to control motor rotation of a spindle or similar. They can be used for
other purposes as well, and the user needs to map them in Mach accordingly.
However, please take care, as the contacts of these relays can carry a maximum
current of only 0.5 Amps at 120VAC, or 1 Amp at 24Vdc. The user must use an external
relay if the load requirements of the device will exceed the aforementioned current
rating.

Charge Pump

Charge pump is pulse frequency signal from Mach3/Mach4 indicating that Mach is
present and ready to run. MB3 has special circuit to capture this pulse frequency and
output to CP (Charge Pump) terminal. Normally an external relay would be connected
to this CP terminal for cutting the power source from any attached loads. However, the
user can choose to select K3 as an output for the CP signal. To choose this option,
Please see [*7]. K3 Relay pin select on page33.

L 24V |

L 24V I 24V
i . CM3
! 9 I NO3
| CP

Solder bridge *7

| SPD CP selected
65—| Z |—0

|

L YXXX E

| !
. |
MB3 I External circuit MB3 | External circuit

Figure 20, Charge pump interlock with other relays
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Analog

MB3 External device

|
i
v i VFD
PEEE |~ »o 0 Lo10v
| AG ]ZGND Analog input
lf‘( mnnr ’? b
|
AnaSpeed?2 Q CM1 C
K1 )l - NO1 Forward signal
L cM2
K2 )l \:r} NO2 Reverse signal
2‘4|'V 24V
1 CM.C
] 7 ¥ \IJ
iRE + A0 X210,
| Alarm
S 0V )
L <
ov !
|
i

Figure 21, VFD connection

The “AnaSpeed?2” circuit converts PWM signal to analog signal 0-10V. Using this analog
output with any VFD, the user must program VFD parameters to accept 0-10V.

Normally, a VFD needs a forward command to rotate the motor. Thus, any NO contact
of K1, K2 or K3 can be used for this purpose.

Two adjustment POTs (Potentiometers)

There are two multi-turn adjustment POTs (Potentiometers) for the user to make
change to analog output.

Figure 22, Analog output adjustment POTs
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12.00
— l-l
10.00 —
_l-l
8.00 |
— 7
= "
5 6.00 —
B ~
o _l
®
= 4.00 i
© P
< s
L2
P
2.00 i Turn the Offset pot clockwise will shiftthe
analogoutputincreaseacross thewhole
range upwards.
0.00 2L
0% 20% 40% 60% 80% 100% 120%
-2.00
CommandPWM (%)
Figure 23, the Offset POT
12.00
10.00
8.00 i
I_l
s el
5 6.00 A
=
o +4
%0 7
< 4.00 :
c
< ]

2.00 Turn-the tinear pot clockwise witt makethe
analogoutput above the center point decrease,
and below the center pointto increase.

0.00 -

0% 20% 41% 61% 81% 100% 120%
-2.00
CommandPWM (%)

Figure 24, the Linear POT

The first POT called “Offset” as shown in Figure 23 which allows the user to set an offset
to analog output. Turning the Offset pot clockwise will shift the analog output increase
across the whole range upwards. The output voltage is getting increase. Turning
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adjustment screw counter-clockwise will shift the whole range of analog output
downward; the output voltage is getting decrease.

The second POT was introduced in MB3 version 2.x, called “Linear” which allows the
user to adjust the linearity of analog output. A good linearity line will be a straight line
with a 45 degree slope as shown in Figure 24. Turning the adjustment screw clockwise
will make the analog output above the center point decrease, and below the center
point to increase. On the other hand, turning the adjustment screw counter-clockwise
will just make the results opposite.

Standard PWM Setting

The Figure 25 and Figure 26 show standard setting with 10,000 RPM value which is
chosen for the tuning purpose. After you have finished tuning process, you may put value
back to 18000 RPM or 24000 RPM depend on your spindle specification.

-
Pulley Selection &J
current Pulley Min Speed Max Speed Ratio

[ Pulley Number 4 EE 10000 [t
I [~ Reversed |
— =

Figure 25, Standard setting in Pulley Max Speed for Mach3

’

Contral Configuration A
| Defaults | General | Plugins | Motors | Axis Mapping | Homing/SoftLimits | Input Signals | Output Signals | MPGs | Tools | Spindle E
MinRPM __ Mz:RR8 Accel Time | Decel Time | FeedBack Ratio | Reversed

0 0.00 0.00 0.00 100000 4

1 0.00 0.0d 0.00 0.00 1.00000 4

2 0.00 0.00 0.00 0.00 1.00000 4

3 0.00 0.00 0.00 0.00 1.00000 4

4 0.00 0.00 0.00 0.00 1.00000 4

5 0.00 0.00 0.00 0.00 1.00000 4

6 0.00 0.00 0.00 0.00 1.00000 o

7 0.00 0.00 0.00 0.00 1.00000 4

8 0.00 0.00 0.00 0.00 1.00000 4

9 0.00 0.00 0.00 0.00 1.00000 o

10 0.00 0.00 0.00 0.00 1.00000 4

11 0.00 0.00 0.00 0.00 1.00000 4
Max Spindle Motor RidM: 10000 [ Wait on spindle to stabilize to 90 = percent.

Figure 26, Standard setting in Pulley Max Speed for Mach4
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12.00

PWM Freq 100hz
Error< 1% between 1-10V

9.97 %

10.00

L/

8.00

6.00

ST 8.007

\ == Command

I~/ 6.007
=Actual

~-4.006

2.005

0.00

%

40% 60% 80% 100% 120%

-2.00

Note

Typical PWM Setup
Speed Max =10,000

PWM Freq =100hz
Cmd Actual Err %
0.00 -0.035| -3.50
0.50 0.503[ 0.60
1.00 1.003| 0.30
1.50 1.504 0.27
2.00 2.005[ 0.25
2.50 2.505[ 0.20
3.00 3.005[ 0.17
3.50 3.506[ 0.17
4.00 4.006] 0.15
4.50 4.506| 0.13
5.00 5.006) 0.12
5.50 5.507] 0.13
6.00 6.007[ 0.12
6.50 6.508| 0.12
7.00 7.008 0.11
7.50 7.508[ 0.11
8.00 8.007| 0.09
8.50 8.507| 0.08
9.00 9.006[ 0.07
9.50 9.506| 0.06
10.00 9.970f -0.30|

= AnaSpeed2 startgiving powerfrom 0.05V to
10Vdc. But, most BOBs inthe market won't.

= Atoffstateor0% itgives a weak negative voltage
to ensure spindleis turned off.

= This graph is tested on Mach4, PWM 100hz

= Each board has slightlydifferent characteristics

Figure 27, 0-10V Analog output characteristics of standard PWM Setting

Stretching PWM Setting
In the Figure 28, Figure 29 shows stretching technique by adding 1% to max RPM of the
standard setting. In this case 10100 is chosen for tuning purpose.

After you have finished tuning process, you may put value of 18180 RPM or 24240 RPM
or the value specified by your spindle and add 1% on it.

The advantage of stretching setting over standard setting is that you will get a better
linearity across 0-10v from stretching technique. As you can see the value table and the
graph between standard and stretching in Figure 27 and Figure 30, especially on the 10v

spot.

Curre

nt Pulley

Min Speed Max Speett Ratio

| Pulley Mumb:

I Reversed

er 4

=] | 0 | 10100] |—1

Figure 28, Stretching setting in Pulley Max Speed for Mach3
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,
Control Configuration
- -

-

- L

0 0.00
1 0.00
2 0.00
3 0.00
4 0.00
5 0.00
6 0.00
7 0.00
8 0.00
9 0.00
10 0.00
11 0.00

10100.00
[rRY e
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

S

049
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0u

Max Spindle Moter@PM:  10100.00

MinRPM | MaxBPM  Accel Time | Decel Time | FeedBack Ratio | Reversed

0.00 1.00000 4
0.00 100000 4
0.00 1.00000 4
0.00 100000 o
0.00 100000 o
0.00 1.00000 4
0.00 100000 o
0.00 1.00000 4
0.00 100000 o
0.00 1.00000 4
0.00 100000 o
0.00 1.00000 4
[7] Wait on spindle to stabilizeto 90 = percent.

Figure 29, Stretching setting in Pulley Max RPM for Mach4

12.00

10.00

8.00

6.00

4.00

-2.00

10.002

/

f

8.005

[~ 6.005

T

~-4.003

T~

[~ 2.001

OONC

%

PWM Freq 100hz
Error< 1% between 1-10V

e===Command

= Actual

40% 60% 80% 100% 120%

Note

Adaptive PWM Setug
Speed Max =10,100
PWM Freq =100hz

Cmd Actual Err %
0.00 -0.037| -3.65
0.50 0.499| -0.20
1.00 1.000/ 0.00
1.50 1.500/ 0.00
2.00 2.001| 0.05
2.50 2.501| 0.04
3.00 3.002| 0.07
3.50 3.502| 0.06
4.00 4.003| 0.08
4.50 4.503| 0.07
5.00 5.004| 0.08
5.50 5.504| 0.07
6.00 6.005| 0.08
6.50 6.505| 0.08
7.00 7.005[ 0.07
7.50 7.505| 0.07
8.00 8.005| 0.06
8.50 8.505| 0.06
9.00 9.004| 0.04
9.50 9.504| 0.04
10.00 10.002| 0.02

= AnaSpeed2 startgiving powerfrom 10mV
mostBOBs in the market won't.

but

= Atoffstateor0% itgives a weak negative voltage

to ensure spindleis turned off.
= This graph is tested on Mach4, PWM 100hz

= Each board has slightly different characteristics

Figure 30, 0-10V Analog output characteristics of Stretching PWM setting
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Analog adjustment

Even though the MB3 board has been fully tested and calibrated before shipping. The
suitable analog output may be slightly different from the actual need with any VFD. So,
analog adjustment is a must.

Practically, we make linearity adjustment by focusing only one point of each zone,
upper zone at 9v and lower zone at 1v. We are trying to balance decimal part of both
voltage values to be equal, for example 9.025v and 1.025v. The 0.025 add to 9v and 1v.

First, you need to be able to command Mach to generate PWM output by entering the
command S9000M3 in the MDI and execute it. This commands Mach software to
generate 90% duty cycle of PWM. The LED status on AO terminal will show bright light.

Then entering the command S1000M3 in the MDI and execute it. This commands Mach
software to generate 10% duty cycle of PWM. The LED status on AO terminal will show
dim light.

At this state you need to connect the leads of volt meter to the AG and AO terminal to
monitor analog voltage output, then make an adjustment on the Offset POT and may
be together with the Linear POT while commanding S9000M3 and S1000M3
alternatively.

We will try to get a good linearity out of the AO or analog output by only turning the
screw on the Linear POT. However, adjustment on the Offset POT also needed that
because we need to read decimal part of both upper and lower zone. We need a value
just greater than 9.000v and 1.000v for example 9.056 v and 1.049v, by turning the
Offset POT which helps us to locate a good fraction number for both 9.0??v and 1.0??v.

The decimal part will tell us how the linearity line leans against 45% standard line. Is it
lean forward or backward?

If decimal part of upper zone higher than lower zone, for example 9.056v and 1.049v
then you need to turn the Linear POT clockwise.

If decimal part of upper zone smaller than lower zone, for example 9.031v and 1.049v
then you need to turn the Linear POT counter-clockwise.

This is a game of balancing of both numbers; you need to make both decimal part of
upper and lower to be equal or almost equal.

After satisfying with linearity result, we need to turn adjustment screw on the Offset
POT counter-clockwise to decrease output voltage. We are expecting output voltage
close to zero such as 9.004 and 1.004 for upper and lower zone respectively.

Now, you are free to check out other values, such as enter S2000M3 for 2v, S7000M3
for 7v and S10000M3 for 10v.
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Note.

e Itis normal for longer settle time or delay time after switching from high to low
duty cycle, such as switch from 9v to 1v

e Please check the link of analog tunning tutorial videos on YouTube and get a
MB3-Mach4 PWM Tuning Profile from MB3 product page at
https://www.cncroom.com/interface-cards/mb3

e You can conduct an adjustment with the real VFD input load while the device
turned on.

e The values 10,000 or 10,100 are chosen for tuning purpose only. After finished
tuning, you need to set value back to max speed RPM of your spindle. If you
consider using stretching technique then 1% of max speed RPM need to be
added. For example the value of 18,000 or 24,000 rpm, the 1% added will be
18,180 and 24,240.
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0SSD Output and Safety Circuit

The MB3 has an OSSD (Output Signal Switching Device) output for the user to form a
simple safety circuit in their system. When the system is error free, the MB3 energizes
the OSSD output and it will de-energize the OSSD output if an error has occurred.

Most drives will give an OK signal or “Servo Ready” or similar, by energizing its
appropriate output and connected external devices will receive this status. The MB3
collects all OK signals from various devices through terminal inputs X203 - X210 and
then sends out an OK signal to the next device.

However, if there is an error feeding in, MB3 will send out a “Not OK” signal by de-
energizing the OSSD output and the external safety circuit will cut power and stop the
hazard.

Using a magnetic contactor as an external device is a simple way to disconnect the
power supply from the drives or the VFD. The “OVR“(Override) input is provided for
temporarily energizing the magnetic contactor, which lets the machine operator
recover from the error.

To activate this function, the user needs to select one or more inputs from X203 to
X210. Then by creating a solder bridge across the appropriate corresponding solder
pads, i203 to i210, which are shown in Figure 34 on page 32, the chosen inputs will
become part of the safety circuit.

Figure 31 shows the safety circuit block and relevant 1/0 including, inputs, solder-
bridge, and override input and outputs.

Warning. The MB3 utilises only a simple safety circuit. There is no guarantee it will
protect against a serious external failure. It is therefore advised that the user MUST
ALWAYS check the functionality of any external circuit that is connected to the MB3.

Safety Override | |
OVR : > — OSSD
X203 —I—o:o—> | |
—| —0 o—»
ggg —!—o,-\o—b nget_y i202 !
o006 — — Circuit |
X207 —|—38"5—» | (AND Logic) I
X208 —|—5 >—» |
X209 — —3& >—»
X210 —|—83%—» !
| |
Isolated Solder Bridges Isolated

Figure 31, On board safety circuit
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Modification

Solder Bridges

The MB3 has a number of places where the user can conduct modifications. Instead of
using pin jumpers, solder bridges have been implemented to save cost and space. The
user needs to solder or de-solder these bridges to achieve their purpose.

° N 5 [
X315 X313 X312 X311 X310 X215 X213 X212 X211 X210 X209 X208 X207 X206 X205 X204 X203 X115 X113 X112 X111 X110 OVR
Inputs Common Groups
() Cut bridge to free the input from the original group then rearrange it by wiring lower pad to new group.
O xs+
X315 X313 X312 X311 X310 X215 X213 X212 X211 X210 X209 X208 X207 X206 X205 X204 X203 X115 X113 X112 X111 X110 OVR
(<] xs- = = = =2 =@ - I I |
O o 5V Input Tolerance
o Close - makes the input 5v. Warning If you connect 24v to 5v modified input it will cause permanent damage to the input.
XD-
2o
0 s+ 58 gz
114
Ys-
(<] = oo
O v+ DC isolated converter oo
o o Close - on board isolated 5V powered. © © Safety sircutinputs
oo Close - to bridge input signals to safety circuit.
O z+ oo -
o zs- oo _ n z
oo CP override =2z
O =+ oo Close - to disable charge pump function. 20
0 - oo Wg
O as+ oo M2 S Q
oo o
0 =<
(o] AS- oo 2 Ie)
O so+ oo o
13 26 =
o] AD-
o
O &5t KK 5V
0 BS- 2 =B
Off time delay
O s+ Close - add time delay for relay. LPT2]
(<] BD- 0 410000000000000%
O cs+ (-] 1800000000000 0
° /
0 cs-
O oo+ o oo Control pin selection.
o PWM Analog
o g om K3 Relay [ "?7 =i
e ¥yiore Shvior
a
> - - - S S @
BEzz288288 Es 2829y
O O Om QOmQOmn om OQm Omn
@ °a om0 e O OT@
ey Free terminals .
Cut bridge to free terminals. Factory Default Bridge

Figure 32, the underneath layout of the MB3

(Note: the below sub heading numbers, *1 to *10 relate to the printed numbers on the
under-side of the MB3 board.)

[*1]. DC Converter

There is an option to not use the default onboard 5V isolated DC2DC converter.
Because this on-board converter can only supply a limited current, in some cases it
may be necessary to use an external 5V power supply. The existing bridge has to be
de-soldered, and then the user can connect an external 5V power supply to the VCC
and GND channel at the Axis CN2 terminal.

& 5

1L
© DC isolated converter
Close - on board isolated 5V powered. @

Q
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Figure 33, On board 5V DC isolated power for ESS board.

[*2]. Safety Circuit Inputs

Inputs X203 - X210 primarily function are the same as the other normal inputs.
However, there is the option to use these inputs as part of the safety circuit by
soldering a bridge across one or more pairs of the solder pads, which are shown in
the image below. The i203 bridge is already soldered by default.

Safety circbit i'nputs
Close - to bridge input signals to safety circuit., =
o Q

() < QaQ

Figure 34, Bridges for safety inputs

[*3]. CP override

This allows the user disable charge pump function. Soldering solder-bridge makes CP
signal always on

°A iR

© CP override .
Close - to disable charge pump function?

Figure 35, CP (Charge pump) override solder bridge

[*4]. Off Delay timer

This feature can be used where an “OFF DELAY” is required, such as in “Z-Drop”
protection, which allows a mechanical brake to engage before the motor loses its
holding torque. This can happen after the control signal or the main power is cut
from its drive. Solder the bridge at K1 to enable an off delay of 440 ms, or at K2 for
660 ms.

<]

K2 K1
md ¢ @

Off time deléy‘ N
Close < Add time delay for relay.
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Figure 36, Off time delay Solder Bridge for K1 and K2

[*5]. Input sub common

By default, inputs are divided into 4 groups. Each group has 5-6 inputs that tied
common pin together. As we know, common pin is used to specify input type.
Sometimes we have too many inputs for one type and have fewer inputs for another

type.

This sub common allows us to rearrange inputs by cutting or isolating common pin
apart from the original group then wire it up with another group as our preference.
The remains fewer inputs may be used for special purpose such as sensing AC
voltage source, sensing touch plate on machine metal table where as high voltage
leaking on it, interfacing with MPG device, etc. In short, the sub common is designed
for trimming or expanding inputs from the existing group.

— c—

; h] ; - — o i
X215 X213 X212 X211 X210 X209
Inputs Common Groups
Cut bridge to free the input from the original grg

Figure 37, Default sub common pin for each input group

[*6]. 5V input tolerance

By default, all inputs accept 24V power from external devices. However, the user
can make these inputs to accept 5V by closing the solder-bridge for each input.

X315 X313 X312 X311 X310 X215 X213 X212 Xatt X210 X209 X208 X207
l ) - - ~ : ] = 7 5 -
= EE SR = =SS S S S S

5V input Tolerance

Close - makes the input accepts 5V. 'Wamfﬁ_'g’ connect 5V inf

Figure 38, 5V input tolerance solder bridges.

[*7]. K3 Relay pin select

Normally, K3 Relay is associated with output Y101. However, you can select K3 as an
output relay of CP (charge pump) signal or Y317. Please be careful of this 3 way
bridge selection. Make sure that you bridge only one position at a time.
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K3 Relay \(:.3717

: ch'ﬂ%vwv

(-]

Figure 39, K3 Pin select solder bridge.

[*8]. Analog pin select

The Pin for PWM (Pulse Width Modulation) Analog lets the users choose between
Y101 and Y317. The default setting is Y317. Please be careful of this 2 way bridge
selection. Make sure that you bridge only one position at a time.

K Pwm Analog

MYM?' ¢ a

=lv101

Figure 40, PWM analog output solder bridge

[*9]. Isolated Outputs

Normally, MB3 provides high current transistor outputs. However, these outputs are
slow, yet share common ground with other parts of the circuit board. In some
circumstances, the user may need faster output or perhaps isolated output to
interface with external device such as digital inputs of VFD which high voltage or
noise interference running around them. So, isolated output is the best for
interfacing with this kind of devices.

There are 4 isolated outputs for the user to access them by cutting and rewiring to
free terminal.

/
Ef Cig |B
E ¥

- m Y316 | Y314

Isolated Outputs

Cut both bridges then wiringcupper pad E and C to the free terminals.

Y3ie
2 E

Figure 41, Solder bridges for Isolated transistor outputs
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[*10]. Free Terminals

In some circumstances, the user may need a few extra terminals for their work. This
can be achieved by cutting or de-soldering one or more of the bridges at the
respective terminals. These free terminals are only meant for use with low voltage,
nothing over 24V.

a~ &FE &R

m Free terminals  *
Cut bridge to free terminals.

Figure 42, solder bridges at terminal pin

Software

The user can obtain up to date software, plugins and tutorials from the following links.

http://warp9td.com/index.php/sw

http://www.youtube.com/channel/UCpg3EROtW8xA KzrFHgn4ZQ

The user also can obtain the MB3 pre configuration file from the product link below.

https://www.cncroom.com/interface-cards/mb3

https://www.cncroom.com/interface-cards/ess-mb3

Mach3 Configuration

The user can obtain the pre configuration XML file and copy it to their system.
However, there are some values that need to be set to suit individual applications.
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After downloading and extracting the pre configuration profile. You will find MB3.xml
that needs to be copied and pasted into C:\Mach3 which is shown in picture below.

Run Mach3 Loader and choose MB3 profile.

c——— ———— e _—— .

Mame Date modified Type Size
. ESS_vI0r2d1d.m3p  9/07/2014 T:20 PM M3P File 816 KB
|| MB2.xml 8/12/201511:36 AM XML Document 153 KB

4 (T » Mach3d »

@'\;}" . v Computer »

File Edit View Tools Help

QOrganize = Sa Open - Burn folder
[ Favorites Mame Date modified Type
BE Desktap =] MBZxml 8/12/201511:36 AM XML Document
5 Downloads || 55-Messages.tet 29/01/2016 9:56 PM  Text Document
= Recent Places | 7| MachlLic.dat 271/01/2016 10:22 PM  DAT File
23 Dropbox = CDrivel xml 12/01/2016 6:07PM XML Document

Figure 43, Copy and Paste the MB3 pre-configuration file

File Config FunctionCfg's View Wizards Operator Plugln Control Help

Size
153 KB
3KB
1KB
170 KB

[E=FE
® vesscre oune L. S YR W

Scale m—

E%oxoooooouvooooooozo.mooo = i -25500] +1.0000 S RS

g | -3.4420 | ™ ougg

GO0 X0.000000 Y0.000000 Z0.200000
GO0 X1.179950 Y4.004260 Z0.200000
G11.179950 Y4.004260 Z-0.100000
G1X1.179950 Y4 004260 Z-0. 100000
G131.179950 Y2.980210 Z-0.100000
G1X1.175140 ¥3.980210 Z-0.100000

= .
' [ome ] (3886 oo
1 ¥4 4137020 ¥2 204440 7-1n 100000 RE To Go

Program Run (Alt-1) | MDI(Alt-2) | Tool Path (Alt-4) | Offsets (Alt-5) | Settings (Alt-6) | Diagnostics (Alt-T) |mi=G15 G1G17 G40 G21 G50 G« G5¢ 643 B33 Gae GI7

Load Wizards _ | Last Wizard J

NFS Wizards

File:|Cinacn3iGCodevoadiunneriap

Recent File Single BLK Alt-N_ | Overmidden D =

Crange SRO %
Close G-Code ReverseRun | mm | 100! O e o c— Spindle WF5_[1™"00
__Load G-Code | Dia. FRO
Feed Hold — +0.0000 100 ﬁ o0 @
“Spe> __Block Ncleiaguyl W H +0.0000
Set Next Line M1 Optional Stop_| B A FRO
Line: Flood Ctrl-E ] Auto Tool Zero ...600J RPM ]
kLl I% s M [ Dwen CV Mode Remember Return FEEEE S-ov
— 6.00 - 10000

I Elspsed 00:00
z \Or?i?ﬁ UnitsiMin _.....000/ Spindle Speed
e Jog ON/OFF Ctrl-Alt-J

=

GCodes | MCodes | +0.000] UnitsiRev 0.00
Histol Clear | MB2
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Figure 44, Mach3’s first screen

Menu Config > Ports and Pins

Engine Configuration... gﬂ]

Port Setup and Axds Selection | Motor Cutputs I Input Signals I Output Signals I Encoder/MPG's I Spindle Setup | Mill Options I

— Port #1
¥ Port Enabled

1378 Port Address
Entry in Hex 0-9 A-F only

— Port #2
[ Port Enabled

Iwg Port Address

Entry in Hex 0-9 A-F only

[ Pins 29 as inputs

. " 35000Hz
" 650D0hz ¢ 75000hz

" 45000Hz " G0ODOhz
= 100khz

Nate: Software must be restarted and motors retuned f
kemel speed is changed.

OR

— MaxNC Mode
[~ Max CL Mode enabled
™ Max NC-10 Wave Drive

Program restart necessary

— Restart f changed

™ Sherine 1/2 Pulse mode.
[~ ModBus InputQutput Support
[~ ModBus Plugin Supported.
[~ TCP Modbus support
[ Event Driven Serial Control

Figure 45, Mach3 Ports and Pins dialog

www.CNCRoom.com

Page 37



Port Setup and fxis Selection  Motor Outputs | Input Signals I Qutput Signals I Encoder/MPG's I Spindle Setup I Mill Qptions I

i
Signal Enabled Step Pin® Dir Pin# Dir Lowdcti... | Step Low A... | Step Port Dir Port
X Axis o4 2 3 = f 1 1
Y Ais = 4 5 = = 1 1
Z Axis a4 6 7 o f 1 1
A Axis = 8 9 = = 1 1
B Axis a4 16 17 o f 1 1 I
C Axis = 16 17 = = 2 2
Spindle = 17 ] & ® 3 0

OK | lm Apply

Figure 46, Motor output tab

Specify values as shown in the picture.

Port Setup and Axis Selection I Mator Qutputs ~ Input Signals |0Lrtp|_rt Signals I Encoder/MPG's I Spindle Setup I Mill Options I

Signal Enabled | Port # | Pin Number |Active Low | Emulated | Hotkey | -
Input #4 1 0
Probe

Index

Lirit Owrd
EStop

THC On
THC Up
THC Down
OEM Trig #1

BB 8 B A B N N N
BN N W A B N N N
NN NN NN

Fins 10-13 and 15 are inputs. Only these 5 pin numbers may be used on this screen

Automated Setup of Inputs

ok |[ Cancel | ey

Figure 47, Mach3 Input tab
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Only Estop signal is configured, but the rest of the inputs the user needs to set suitable
values.

-
Engine Configuration... Ports & Pins : : I : ; ; : : Pr—— u
e —

Port Setup and Ads Selection I Motor Outputs I Input Signals Output Signals | Encoder/MPG's I Spindle Setup I Mill Options I
Signal Enabled | Port # | Pin Number |Actil.re Low | -
Digit Trig & 1 0 &

Enablel x 1 0 *®
Enable2 & 1 0 4
Enable3 4 1 0 x
Enabled ® 1 0 &
Enable5 4 1 0 i
Enable6 X 1 0 &
Output #1 of 1 1 &
Qutput #2 of 2 1 o
Output #3 of 2 14 o
Output 24 4 1 0 o
Output #5 4 1 ] o
Output 26 4 1 0 o
Charge Purmp of 1 14 4
Charge Pump2 4 1 0 &
Current HifLow x 1 0 4
Output #7 of 3 1 o
Output #8 o 3 2 o
Output #3 of 3 3 o
Output #10 of 3 4 o
Output 11 of 3 5 of
Output 12 of 3 6 o
Output #13 of 3 7 o
Output #14 of 3 8 ¥
Output #15 of E g of
Output 16 of 3 14 &
Output #17 of 3 16 o )
Output #18 4 1 0 o
Output #19 4 1 0 o E
Output #20 4 1 ] o
I
l Fins 2-9.1, 14, 16, and 17 are output pins. No other pin numbers should be used.
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Figure 48, Mach3 Output tab

The user needs to set suitable values.

-
Engine Confguration Ports .Pins T e =
e —— — -.

Port Setup and Axis Selection I Motor Outputs I Input Signals I Output Signals I Encoder/MPGs Spindle Setup I Mill Options I

r— Relay Control
[” Disable Spindle Relays
Cloclkwize (M3) Output & |1
COW (M4) Output # |1

Output Signal #s 1-6

— Flood Mist Control
I™ Disable Flood/Mist relays pejay

Mt M7Oupt# |2 |0
Flood M8 Output & |3_ o

— Mator Control

v Use Spindle Motor Output
¥ PWM Cortrol
[™ Step/Dir Mator

PWMBase Freq. |26ﬂ

Minimum PWM Iﬂ_ %

Special Functions
[ Use Spindle Feedback in Sync Modes
[ Closed Loop Spindle Control

P ||]_25 I D
[ Spindle Speed Averaging

0.3

Output Signal #s 16

— MadBus Spindle - Use Step./Dir as wel
[~ Enabled Reg |64  &4-127

Max ADC Court |163BJD

—General Parameters
CW Delay Spin LIP

CCW Delay Spin UP
CW Delay Spind DOWN
CCW Delay Spin DOWN

™ Immediate Relay off before delay

Special Options, Usualty Off
Seconds [~ HotWire Heat for Jog
Seconds ™ Laser Mode. freq|
Seconds [ Torch Vaolts Cortrol
Seconds [~ Torch Auto OF

Figure 49, Mach3 Spindle tab
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Menu Config > Motor Tuning

X - AXTS MOTOR MOVEMENT PROFILE
24576

221,184
156.608
172.032
147.456
122.88
B8.304
73.728
49,152
24 576

“elocity inches per Minute

-
(=1

0.6

0.8 1 12
Time in Seconds

1.4 1.6

Motor Tuning and Setup m e 5

Accel

—

Velocity
In's or mm's per min.

Acceleration
in's or mm's/sec/sec

Step Pulse
Steps per G's 1-5us 0-5

|I:I.IZIII:I3GDI-‘ ||:|— |c|—
]

|zncu:| |110 |4

Dir Pulse

Axiz Selection
Velocity
¥ Axis
Y Axis
Z Axis
A Axis

B Axis

C Axis

Ji|

Spindle

da3343

Cancel

Figure 50, Mach3 Motor tuning dialog

Motor Tuning and Setup for X, Y, Z, A, B and C axis, the user needs to set suitable

values.

-

Maotor Tuning and Setup

s FPa FW

SPINDLE MOTOR MOVEMENT PROFILE
61.44

55.205
49.152
43.008
35.864

30.72
24 576
18.432
122688

6.144

“elocity inches per Minute

0.45

02 025 03 0.5

Time in Seconds

0 0.0 041 0.15 035 04

[
Accel L

Velocity
In's or mm's per min.

Acceleration
in's or mm's/secsec

Step Pulse
1-5us

Steps per G's 0-5

| 1000 |s|:| | 200

Dir Pulse

Axis Selection
Velocity
¥ Axis
Y Axis
Z Axis

B Axis

A Axis l

FEREEL

C Axis l

—I—I Spindle I

o

Cancel | K | N

|il2|.4188 593 |n— IEI—
1

___ll:'ress this to
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Figure 51, Mach3 Spindle tuning

| |

| Current Pulley Min Speed Max Speed Ratio
|Pulley Mumber 4 - |u | 10000 | 1

| |
[~ Reversed

Figure 52, Mach3 Spindle Max speed. 0-10v

Spindle Tuning and Spindle speed need to be set to get analog output 0-10V for entire spindle
speed range. The value 10000 rpm is recommended during adjust analog output. But Actual
speed will be used instead after finishing setup.

Menu Pluglin Control > Main Config:

Main Config: ES5-M3-180220-u4-f1-L

Please visit 'Warp9TD.com’ and go to 'FAQ Mach3' for help with these settings.

i~ Controller Frequency
Im The Controller Frequency controls haw many times per second the velocity is

updated when outputting pulses. At 250 Hz, up to 4 seconds of data is stored.
Each doubling of the controller frequency cuts the buffer in half: 500 Hz = 2 sec of data; 1kHz
= 1sec; 2kHz = 0.5sec; and 4kHz = 0,25 seconds of data that may be stored.

Port 2 Pins 2 through 9 Direction | In -

Port 3: Pins 2 through 9 Direction I Cut ;I
r—Noise Filtering of Inputs (This is the only place that controls debouncing on the ESS)

Cancel I
Probe | 0.00

[ Motor Options: Max Step Frequency and Output Mode An input must be stable for the spedified amount of time in
Axis Max Step Freq. Step/Dir CW/CCW Quadrature microseconds before it will be considered valid. Values will be
assigned to groups of similar signals. Estop [0.00
X-axis I256 kHz hd 4 r r The spedfied values will be rounded to the nearest multiple of
about 1.43 microseconds. To disable filtering for a given groups I 0.00
Y-axis I256 kHz j‘ 3 r r of inputs, use a value of 0.0 microseconds. =
B v v (includes A, B, Limits [ 0.00
7-axis | I r r Encoders/MPGs [ 0.00 o
A-axis | 256kHz ~ r r Miscellaneous [5.00 03'15*”3”?2?5 coversall  Home |0.00 il
other inpu
B-axis I 256 kHz - 17 ] r
~M11P# /M10P# (M11Enables { M10 Disables on NEXT GO, G1, G2 or G3 command)
Ter= I 256 kHz j' W r r Output Mode Input Mode i
Spindle I 32kHz - ¥ Output Mode (normal default mode) I™ Input Mode
- Feed Hold M11P# [ M10P# Gates Spindle Output [ 1M10 OEM Trigger #: =
- Controlled By 1.00 Feed Hold delay (in seconds) when ‘Controlled By I
SmoothStepper . SmoothStepper’, Caution: Too small of a value may Output Number to use l—u M110EM Trigger #: lﬁ'
result in excess decelration and missed steps. You will for M11P#/M10P#: '
¥ controlled By Mach not be able to jog while in Feed Hold.
r~Dwell time assodiated with M11P# / M10P# Commands
i~ IsMoving Output Debugging Options Watchdog Timer ~M11P#
Output Number for the | | [ Enable Logging of Plugin Timing If the Plugln fails to Dwell selected in this config [+ Delay: |0 miliseconds i
IsMoving signal I™ Disable R t of data”™ communicate with the ESS
isable "Ran out of data” error
= Tz e B R Dwell selected Via User DRO [~ User DRO #: ln—
j [~ Enable Ran out of data™ Logging an EStop will be triggered in
| the Ess. -
[~ Miscellaneous DS
[~ De-Reference Axes in EStop I 2.0 Seconds Dwell selected in this config [+ Delay: |0 miliseconds
\ Max value is 3.1 (rounded
™ Don'tReport Port and Pin Warnings to 1/10th of a second). Dwell selected Via User DRO [ UserDRO #: |0
1023 Data Points Mach should Pre-Calculate, 2000 MAX r Disable "Watchdog™ i
error
—

Figure 53,
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Menu Plugin Control > Spindle, THC & Laser Config:

= —

——
(Sindl THC & Laser Config: E55-M3-180220-ud-f! ——

Please visit "Warp9TD.com' and go to 'FAQ Mach3' for help with this window's settings.
M11Px/M10Px Gates Spindle Qutput is found in the ESS Main config M11 M10 section

—Spindle Settings
Relay PM W Step and Dir [ I~ cw /ccw
or
Mone Base Hz | 100 Pulse Width (us) | 4.0 I Guadrature

Max of 4096, Set to 1 for

Spindle Index P I
s R S |1 no prescale (default)

[~ Use Spindle PID [~ use PID While Threading [~ Enable 55_SPIMDLE_LOG.cav

' Kp ID. 5000000 Ki | 0.0000000 kd I 0.0000000

—Spindle (or laser) PWM Propartional to XY Feed Rate

Enable [ This is output on the Spindle Step Pin. When enabled, the spindle PWMis a
function of the XY Feed Rate. I

The mapping function is a table in the spedified file located in the Plugins folder
of the Mach directory. See our website's 'FAQ Mach3' for a sample file.

Mapping Function Filename: |

—THC (Torch Height Control)
[~ Enable THCMode [ Enable THC Emulation of Up Down (ET) [ Enable Oxy Acetylens

~XY PWM Velocity Output

I - I Cutput Mumber for the XY Velodty PWM signal. This will be @ 130 kHz signal that has a
PWM duty cyde equal to current XY Velodity J requested Feedrate, This is not for
| lasers. You wil need to assign a pin and port for the Output # you choose. I

Cancel

Figure 54, Spindle, THC and Laser Configuration

Mach4 Configuration

The user can obtain the pre configuration profile from the CNCRoom product page.
However, there are some values that need to be set to suit the user’s individual system.

After downloading and extracting the pre configuration profile. You will find a folder
named MB3, copy and paste this folder into C:\Mach4Hobby\Profiles as shown in
picture below. Run the “Mach4 loader”, then choose the MB3 profile.
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-

)

i Recent Places
|| iCloud Photos

@Qvl " Machd ME3 profile » [ #3 ][ Search Machs 183 profile )
File Edit View Tools Help
Organize * 5 Open  Includeinlibrary v Sharewith =  Bum  New folder = 0 @
r Favorites ‘] Name Date modified Type Size
Bl Desktop | . MB2 29/01/2019 7:42 PM  File folder |
1% Downloads

\

8 Computer

' 5 items

=+ Copy to Profiles

== =
\ \ =
@& )l » Computer » W7-64n (C) » MachdHobby » Profiles » « [ 43| [ search Proites ol
File Edit Tools  Help
Organize ~ ary v Share with « Burn New folder =~ 0 @
@ Documents Mame - Date modified Type Size
& Music
. Mach4_Tangential BETA 29/01/2019 7:07 PM  File folder
(=] Pictures
achdLathe 29/01/2019 3:57 PM  File folder
B videos
chdMill 28/01/2019 3:57 PM  File folder
1 MaghdMill_8Axis 29/01/2019 4:03 PM  File folder
% Homegroup §
Router 29/01/2019 3:57 PM  File folder

Figure 55, Copy n Paste, or drag n drop the Mach4 pre- configuration file

Setting up the SmoothStepper and Mach4 Software

Please check up to date instruction of Setting up the SmoothStepper and Mach4 Software at

Warp9 Tech web page.

https://www.warp9td.com/index.php/gettingstarted/setting-up-the-smoothstepper-

and-mach4#Setuplnstruction
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https://www.warp9td.com/index.php/gettingstarted/setting-up-the-smoothstepper-and-mach4%23SetupInstruction
https://www.warp9td.com/index.php/gettingstarted/setting-up-the-smoothstepper-and-mach4%23SetupInstruction

Setting up new profile

The pictures below show the sequence of making new profile for Mach4.

r
Select Profile

x
!

i

Current Profiles

Mach4_Tangential_BETA

Create Profile
MachdMill Copy Profile
MachdMill_6Axis
Mach4Router

Restore Backup

Delete Profile

Import Profile

Cancel

Profile Information

Profile Name:  MB3

Screen Set: wif.set

-
Select Profile

- ——

[

Current Profiles

Machdlathe

Mach4Mill

Machd Mill_tAxis
Mach4Router
Machd_Tangential_BETA

OK

tle

-
Select ESS

i

-
@ Please remember (or take a screenshot):

=)

The default ESS IP address is 10.9.9.9

Please enter the IP address in the drop down box
or select the IP address from the drop down box.

o

Then you will need to ENABLE the ESS plugin,

10999 -

Cancel

& |

Finally a Machd4 Restart will be required.

Once Machd finishes loading, you will need to go into:
---> Menu -> Configure -> Mach... -> Plugins

Create Profile

Copy Profile

Restore Backup

Import Profile

Cancel

r
Select Motion Device

1

Select the metion control device

WARNING!
Changing the motion control device will destroy any existing

axis to motor mapping and motor tuning.

“ech 4- licbky

ol F -]

G Wizod Opaaln Few

|'. Comrmn | e |

[E] Mo enabled motion devices!

oK |

Cancel I

| Apply

Figure 56, Configure menu and step sequence
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— | : K 9
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——— 8 | ¥ Siru ator - Mewt: . . .
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] |Cﬂnﬁgure Diagnostic  Wizard Operator Help

. "
= Select Motion Dev...
n siect Motion Bev F Probing I Offsets ]
= Control... E .
& Plugins... [1] 3 Keyboard Inputs - Newfangled Solutions [3]
o PMC... E55v232 - WarpQ Tech Design, Inc.  [2]
Figure 57, Entry to ESS and Keyboard configuration
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Before we can see sub menu [2] and [3], we need enable them in next dialog which
shown in Figure 56, Configure menu and step sequence

ESS configuration

F My
we Ethernet SmoothStepper (ESS) Configuration - v232 &J
| Info Motars | Spindle | Laser | Pins Config | Input Signals | Output Signalsl Homing | Probing | Backla;h|

2) Buffer Size (seconds, max of 0.5)

1) Enter or select the IP Address of the motion controller 3) Plugin Frequency (Hz)

1088989 - 01800 40

4) Velocity FIFO Buffer Ran Out of Data
Show Hardware Velocity FIFO Ran Dry Msgs
[] Show Software Velocity FIFO Ran Dry Msgs

5) Charge Pump 6) Advanced Logging
Charge Pump Runs In EStop [7]Enable Advanced Logging

1) The motion controller's IP address will be 10.9.3.9 unless it was modified with the configurator.

2) Buffer Size defaults to 018 A smaller buffer size is more responsive to Feed Hold commands, but is more sensitive to the Velocity FIFO
running out of data if your computer bogs down, Increase the buffer size to prevent the Velocity FIFO from running out of data.
If you have received 'Velocity FIFO Ran Out of Data’ messages, you should restart Machd after medifying the buffer size.

3) The plugin frequency is typically left at 40 Hz. Higher frequencies will let Mach respond to events faster, but will also force your PC to
waork harder to keep up (which is harder for slower computers to da).

4) This lets you choose to watch the Velocity FIFQ, to make sure it does not Run Out of Data, We recommend you leave this checked.
Running out of data may cause you to lose steps, and may indicate your PC is doing other tasks instead of sufficiently servicing Machd,

[ If you get these messages regularly, you should take these actions, so your critical data can make it to the motion controller in time:
* Increase your Buffer Size (abowve).

* Disconnect your PC from the internet and shut off WiFi. |

* Shut down all other programs on your PC, |
l * Decrease your plugin Frequency to 30Hz or 20 Hz (above).

* Visit Warp9TD.com and look at our FAQ Windows page to see how to optimize your PC further,

*If your PC has less than 3 GB RAM (XP), 4GB RAM (Win7) or 8 GB RAM (Winl0) you may want to increase your PC's RAM,

| [ ][ e ]

r=

Figure 58, ESS IP address and buffer size
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wae Ethernet 5

| Info

| General MOtOfS__HSpmdie | Laser | Pins Config | Input Signals | Qutput Signals | Homing | Probing | Backlash|

Axis Motors Settings: Step/Dir, Quadrature or CW/CCW

Mode |
Motor 0 | Step/Dir

Motor 1 |Step/Dir

Motor 2 | Step/Dir

Motor 3 | 5tep/Dir

| Mator4 |Step/Dir

Motor 5 | 5tep/Dir

[T Enable AntiClunk Made for Servo Motars

1) In the 'Output Signals' Tab, assign Aliases or Pins
for each Motor used.

' 2) In Mach Config -> Motors, set up the parameters
for each Motor used.

3} In Mach Config -» Axis Mapping, Enable your axes
I and assign Motors as Masters and/or slaves. i

[ oK H — |

Figure 59, Motor command mode

- —
w9 Ethernet SmoothStepper (ESS) Configuration - v232 w "- s
- - -
| Info | General | Mctnfs| Spindle |Lasel | Pins Config | Input Signals | Output Signals | Homing | Probing ] Backlash|
1) Spindle Settings 2) Spindle PID will adjust the PWM output, to try and hold the commanded RPM.
. * Kp is the constant propertional gain that corrects for the error amount.
Spindle Type: |[PWM * Ki corrects for the error amount summed over time.
* Kd corrects based upon the rate of change of the error amount.
Frequency, Hz  100.00 [} Duty Cycle Zerc At Min RPM * Recommended initial values are Kp = 0.0000100 Ki = 0.0000000 Kd = 0.0000000
* Index Pulses per Rev is ‘1" unless a slotted disk or encoder channel is used.
i RPM Input SpindleIndex [] Spindle Encoder A
3)In the "“Output Signals’ Tab, assign Aliases or Pins as needed for:
| RPM Pulses Per Rev  1.0000 RPM Prescaler 1 * Spindle Motor PWM (Required)
* Spindle Motor Dir (Optional)
- - - * Spindle On (Optional) '
2) Spindle PID Settings (Only for PWM Drive Mode) * Spindle Fwd (Optional)
[[JUsePID  []UsePID For Threading  []55_PID_LOG.csv * Spmdie Rev (Optional) i
Kp |0.0000100 Ki | 0.0000000 Kd | 0.0000000 4) In Mach Config -> Spindle. In Range 0 { Row 0 or Pulley 0) assign: i
*Min RPM (Optional)
*Max RPM (Required) i
1) Choose a Spindle Type of: *Accel (Spin Up) Time (Optional)
* Relay or none - The spindle/router is controlled by relays or there is none *Decel (Spin Down) Time (Optional) 4
* 0B - Out of Band (Step/Dir, CW/CCW or Quadrature) *Feedback Ratio (Optional)
* PWM - Pulse Width Medulation Spindle Speed control *Reversed (Optional)
The 'Output Signals' tab has dedicated Spindle pins ‘You may assign multiple Ranges, but most users will only need Range 0 \
that may be used as needed for your system’s relays:
* Spindle Dir - Retains the current spindle direction even You do not need to assign the "Max Spindle MOTOR RPM' in PWM mode.
when the spindle stops. It only switches state when a
direction change is ordered (prevents direction glitching) fl
* Spindle On - Active when the spindle is active
* Spindle Fwd - Active when the spindle is running forwards/CW
I' * Spindle Rev - Active when the spindle is running in reverse/CCW N
1
[ ok || Gnea |

Figure 60, Spindle Setup
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L e T W ﬁ
|Info | General | Motorsl Spindlel Laser | Pins Config |Input Signalsl Output Signalsl Homing | Probing | Eacklash|
1) Set the pins Active High (Red Arrow Up) or Active Low (Green Arrow Down).
_PDH:Z Fins2-9 F}ire:tion 2) Give the Pins you are using an Alias (name), making it easier to remember which pins do what on the Input and Output signal tabs.
@ Inputs () Outputs
3) Assign Moise Filtering, in us, for each input pin, if needed (see the 'Info’ tab for more details),
-DortB Pins -9 F}lrectlon 4) When a Feed Hold or Stop (Stop, EStop, Disabled or Limit) event occurs, the Outputs may be 'Force ON', Force OFF, or 'No Change',
) Inputs @ Outputs ‘Mo Change' means that the output is controlled by Machd4., With 'Force ON' and 'Force OFF' the ESS will force that desired state.
5) Pins are always enabled, only Signals can be enabled or disabled. Connect pins as needed on the Input and Output signal tabs.
Direction | Active High/Low | Alias or Name Noise Filtering Stop State Feed Hold State | [ |
Portl-Finl Qut T SPINDLE, NO3 Relays — ----- Mo Change No Change
Port1-Pin2 Out i MOTORXSTEP - Mo Change Mo Change I
Portl-Pin3 OQut i MOTORXDIR - Mo Change No Change I
Port1-Pind Out i MOTORYSTEP - Mo Change Mo Change 1l
Portl-Pin3 OQut i MOTORYDIR - Mo Change No Change
Port1-Pin6 Out i MOTORZSTEP - Mo Change Mo Change
Portl-Pin7 OQut i MOTORZDIR - Mo Change No Change
Port1-Ping Out i MOTOR ASTEP - Mo Change Mo Change (|
Port1-Fin9 Qut i MOTORADIR  ---e- Mo Change No Change fl
Port1-Pin10 In 4 X110 000 [ e
Port1-Pin11 In 4 X111 [ T
Port1-Pin12 In 4 X112 000 [ e
Port1-Pin13 In 4 *113 [ T
Il Portl-Pinl4 Out ? CP ChargePump - Mo Change Mo Change
Port1-Pin15 In 4 *115 [ T
Portl-Pinl6 Out i MOTORBSTEP - Mo Change Mo Change
Portl-Pinl7? OQut i MOTORBDIR - Mo Change No Change
Port2-Pinl Qut ? MOlRelat - Mo Change Mo Change ‘3
\l [ o ][ concel | |
Figure 61, Pins Config and Alias Names
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Info | General I Motors | Spindle | Laser | Pins Config | Input Signals I Output Signals I Homing I Probing | Backlash‘
1) Set the pins Active High (Red Arrow Up) or Active Low (Green Arrow Down).
Port 2 Pins 2-9 Direction
2) Give the Pins you are using an Alias (name), making it easier to remember which pins do what on the Input and Qutput signal tabs.
Il Inputs Outputs
3) Assign Noise Filtering, in us, for each input pin, if needed (see the Info' tab for more details).
Port 3 Pins 2-9 Direction . )
4) When a Feed Hold or Stop (Stop, EStop, Disabled or Limit) event occurs, the Qutputs may be 'Force ON', Force OFF, or ‘Mo Change'.
) Inputs @ Qutputs ‘Mo Change' means that the output is controlled by Machd. With 'Force ON' and 'Force OFF' the ESS will force that desired state.
5) Pins are always enabled, only Signals can be enabled or disabled. Connect pins as needed on the Input and Output signal tabs.
[
Direction  Active High/Low | Alias or Name Noise Filtering Stop State Feed Hold State =0
Port2-Pinl Out T MOLRelsyt - No Change No Change |
Port2-Pin2 In £ 055D FeedBack 000 e e
|
Port2-Pin3 In £ X203 0.00
Port2-Pind In £ X204 000 e e "
Port2-Pin5 In £ X205 000 e s |
Port2-Pin6 In £ X206 000 e s B
Port2-Fin? In + X207 000 e e |
Port2-Pin8 In 4 %208 0.00 tl
Port2-Pin9 In 4 X200 000 e 5
4
Port2-Pin10 In 4 %210 00—
Port2-Pinll In X211 000 e s
Port2-Pin12 In £ X212 000 e s
| Port2-Pin13 In £ X213 0.00
| || | Port2-Pin14 Out T NOZRelayz2 - No Change No Change
Port2-Pin15 In £ X215 000 e s
Port2-Pinl6 Qut £ MOTORCSTEP - No Change Mo Change
Port2-Pin17 Qut £ MOTORCDR - No Change Mo Change
Drrt2_Bind Ot r v e Ko Channs Ne Channs A
l [ ok || Cenea | |

Figure 62, Pins Config and Alias Names (continue 1)

L — = — T — e 3 - —
| | Info | General I Motors | Spindle I Laser | Pins Config |Input Signals I Qutput Signals I Homing | Probing | Back\ashl
1) Set the pins Active High (Red Arrow Up) or Active Low (Green Arrow Down).
I-lort 2Fins2-9 Direction 2) Give the Pins you are using an Alias (name), making it easier to remember which pins do what on the Input and Output signal tabs.
@ Inputs () Qutputs
3) Assign Noise Filtering, in us, for each input pin, if needed (see the 'Info’ tab for more details).
I-lort3 Pins 2-9 Direction 4)When a Feed Hold or Stop (Stop, EStop, Disabled or Limit) event accurs, the Outputs may be 'Force ON', Force OFF, or 'No Change'.
) Inputs Dutputs ‘Mo Change' means that the output is controlled by Mach4. With 'Force ON' and 'Force OFF' the ESS will force that desired state.
5) Pins are always enabled, only Signals can be enabled or disabled. Connect pins as needed on the Input and Qutput signal tabs.
Direction | Active High/Low | Alias or Name Noise Filtering Stop State Feed Hold State | £
Port2-Pin17 Out i MOTORCDR |- Mo Change Mo Change
Port3-Pinl Out + v;or No Change Mo Change
Port3-Pin2 Out + vz No Change Mo Change l
Port3-Pin3 Out T v No Change No Change
Port3-Pind Out T ;4 No Change No Change
Port3-Pin5 Out T Yos e Mo Change Mo Change
Port3-Pin6 Out T Y8 e Mo Change Mo Change I
Port3-Pin7 Out T Yo7 e Mo Change Mo Change
Port3-Pin8 Out T L No Change No Change
Port3-Pin9 Out T Yo e No Change No Change
Port3-Pin10 In £ %310 000 e s
Port3-Pin1l In 4 3311 000
Port3-Pin12 In 4 X312 000
: Port3-Pin13 In £ X313 000
: Port3-Pinl4 Out T Y314 No Change Mo Change
Port3-Pin15 In & X315 000 |
Port3-Pinl6 Out T a6 Mo Change Mo Change
Port3-Pinl7 Out + AQ Analog Qutput - No Change IWI [
ok || gencel I
- =3 —— e
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Figure 63, Pin Alias Names (continue 2)

o e 5 — T ——— —
Info | General | Mators | Spindle | Laser I Pins Cunhgl Input Signals | Output Signahsl Homingl Probing | Backl.ashl

1) When you enable an input signal here, it will automatically be enabled and mapped into Mach.

2) An Input Pin (or Alias) may be assigned to multiple Input Signals,

Enable Mach Mapping | Mapped Fin | -
E-Stop o | ESS 0SSD FeedBack

m

Motor 0 ++ Limit

Motor 1 ++ Limit

Motor 2 ++ Limit

Motor 3 ++ Limit

Motor 4 ++ Limit

Motor 5 ++ Limit

Motor 0 -- Limit

Motor 1 -- Limit

Motor 2 -- Limit

Motor 3 -- Limit

Motor 4 -- Limit

Motor 5 -- Limit

Motor 0 Home

Motor 1 Home

Motor 2 Home

Motor 3 Home

Motor 4 Home

| Motor > Home

Motor 0 Index ESS-only

Motor 1 Index ESS-only

TR B B N N B B NN N NN N NN KNNNXY

Figure 64, Input Signals Mapping
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w5 Ethernet SmoothStepper (ESS) Configuration - v232 - — .'TT-_MI
‘ Info | General I Motors | Spindle | Laser I Pins Config | Input Signals | Output Signals | Haming | Probing | Backl.ash|
1) When you enable an input signal here, it will automatically be enabled and mapped inte Mach.
2) An Input Pin (or Alias) may be assigned te multiple Input Signals.
Enable | Mach Mapping | Mapped Pin | B

Input #0 of EsS X110
Input #1 of ESS X111
Input #2 wf ESS X112
Input #3 of ESS %113
Input #4 wf ESS #115
Input #5 wf ESS X203 I
Input #6 of ESS %204
Input #7 of ESS X205 |
Input #8 of ESS %206 i
Input #9 of ESS X207
Input #10 of EsS X208 :
Input #11 of ESS %208 I
Input #12 of ESS %210
Input #13 of ESS X211 i
Input #14 of ESS 213
Input #15 of £S5 X213

||| | nput #16 of ESS ¥215

I Input #17 of ESS 310

: Input #18 ef ESS X311

| Input #19 of ESS %312
Input #20 wf ESS X313
Input #21 of ESS %315 i

| ok || cancal |

Figure 65, Input Signals Mapping (continue 1)
9 Ethemet SmoothStepper (ESS) Configuration - v232 S— |  T—

‘ Info I General I Motors | Spindle | Laser I Pins Config | Input Signals | Output Signals ‘ Homing | Probing | Backkash‘

1) An Qutput Pin {or Alias) may only be assigned to a single Qutput Signal.

2) An Output Signal may have up to 3 Output Pins (or Aliases) assigned to it:
*When enabled in this window, enly 'Mapped Pinl' will be enabled and mapped inte Mach.
* 'Mapped Pin2' and 'Mapped Pin3' will still receive the same Qutput Signal as 'Mapped Pinl', but will not be referenced in Mach.

Enable | Mach Mapping Pinl Mapping Fin2 Mapping Pin3 Mapping i

Motor 0 Step of | ESS-only MOTOR X STEP
Motor 0 Dir of ESS-only MOTOR X DIR
Motor 1 Step of ES5-only MOTOR Y STEP
Motor 1 Dir wf ESS-only MOTOR Y DIR.
Motor 2 Step of ESS-only MOTOR Z STEP
Motor 2 Dir of ES5-only MOTOR Z DIR.
Motor 3 Step wf ES5-only MOTOR A STEP
Motor 3 Dir wf ESS-only MOTOR A DIR |
Motor 4 Step of ES5-only MOTOR B STEP
Motor 4 Dir ef ES5-only MOTOR B DIR.
Motor 5 Step of ESS-only MOTOR C STEP
Motor 5 Dir of ESS-only  MOTOR C DIR I
Motor 0 Enable ¥
Motor 1 Enable -4
Motor 2 Enable 4
Motor 3 Enable ¥

! Motor 4 Enable -4
Motor 5 Enable 4
Laser PWM o ESS-only
Spindle Motor PWM of ESS-only | AO Analog Output
Spindle Motor Dir W ESS-only 18

I oKk | [ cancel
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Figure 66, Output Signals Mapping

The user must set each output active correctly otherwise that output will stay on constantly.

-
ws Ethernet SmoothStepper (ESS) Configuration-v232

) T

Info | General I Motorsl Spind\al Laser | Pins Config IInput Signals | Output Signals ‘ Horning | Prohing | Backlashl
1) An Qutput Pin (or Alias) may only be assigned to a single Output Signal.
2) An Qutput Signal may have up to 3 Output Pins (or Aliases) assigned to it:
*When enabled in this window, only 'Mapped Pinl' will be enabled and mapped into Mach.
*'Mapped Pin2' and 'Mapped Pin3' will still receive the same Output Signal as 'Mapped Pinl', but will not be referenced in Mach,
Enable | Mach Mapping Pinl Mapping Pin2 Mapping Pin3 Mapping
Spindle Motor Dir g ESS-only
Spindle On wf ESS SPINDLE, NO3 Relay3
Spindle Fwd ¢
Spindle Rev ¢
Alarm o
Charge Pump of ESS-only | CP ChargePump
Coolant, Flood (M08, M09) of ESS NO1 Relayl
Coolant, Mist (M07, M03) of ESS NO2 Relay2
Current Hi/Low w
Digitize Trigger ¢
Dist To Go 4
Dwell 4
ESS, Is Moving b4 ESS-only
ESS, XY Feed Rate PWM o ESS-only
Feed Hold 14
Geode Running o
| Jog Cont o
Jog Enabled ¢
Jog Inc ¢
Jog MPG ¢
Limit Override 4
l [ OK ] [ Cancel ]

Figure 67, Output Signals Mapping (continue 1)
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w9 Ethernet >moothtepper (E35) LoNTIQUration - VA3Z . W ——— |
Info | General | Motors | Spindle I Laser | Pins Config | Input Signals | Qutput Signals ‘ Homing I Probing | Ba:klashl
1) An Qutput Pin (or Alias) may only be assigned to a single Qutput Signal.
2) An Output Signal may have up to 3 Qutput Pins (or Aliases) assigned to it
*When enabled in this window, only 'Mapped Pinl" will be enabled and mapped into Mach.
*'Mapped Pin2' and 'Mapped Pin3" will still receive the same Output Signal as 'Mapped Pinl’, but will not be referenced in Mach.
Enable | Mach Mapping Pinl Mapping Pin2 Mapping Pin3 Mapping o
Switch active OB5 Home 4
Switch active OB6 ++ 4
Switch active OB6 -- 4
Switch active OB6 Home x
OQutput #0 wf ESS Y301
Output #1 wf ESS Y302
Qutput #2 wf ESS Y303
Output #3 wf ESS Y304 I
OQutput #4 wf ESS Y305
Output #5 of ESS Y306
Qutput #6 wf ESS Y307
OQutput #7 wf ESS Y308 I
Output #8 wf ESS Y309 =
Qutput #9 wf ESS Y314
Output #10 of ESS Y316
Output #11 4
| OQutput #12 14
Output #13 4
Output #14 | 4
Output #15 o
Output #16 & .
! [ ok ][ conce |
—— —

Figure 68, Output Signals Mapping (continue 2)

= — 3 - NN S e —
Info | Genelal.l Matars I Spindle I Laser | Pins Config | Input Signals | Output Signa|s| Homing | Probing | Backkash|
1) Homing is enabled for a Motor 'N', when the Tnput Signals' tab has:
*'Motor N Home' Enabled with a green check.
* 'Motor M Home' has an assigned 'Mapped Pin',
2) I you have encoders with an index pulse, you may enable homing to a motor's index pin by:
* Place a green check in 'Home to Motor's Index Pin',
| * Make sure that the index signal is enabled for that Motor.
Home Pin Approach Backoff Home To Index Pin
(Automatically Populated Velocity Velocity Motor's (Automatically Populated fl
from “Input Signals’ tab) (Units/Min) (Units/Min) Index Pin from “Input Signals’ tab)
Motor 0 1.0 10 w
Motor 1 10 10 W |
Motor 2 1.0 10 W |
Moator 3 10 10 L4
Moator 4 10 10 L4
Moator 5 10 10 14
|
|
i
(|
[ oK | [ Cancel ]

Figure 69, Homing, depends on the user’s choice
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Info I General I Motorsl Spind\el Laser I Pins Config IInput Signals | Output Signa\sl Heming | Probing ‘ Backlash |

1) Backlash Compensation Options

= Backlash C i || Show Backlash Comp Messages in Log
Backlash Mach Mach Use Custom Custom Custom

Enabled Amount Velocity Acceleration Values? Velocity Acceleration

(Read Only) (Units/Min) | (Units/Sec"2) (Units/Min) | (Units/Sec*2)
Motor 0 o 0.0000 15,0000 10,0000 4 10.0000 1.0000
Motor 1 wf 0.0000 15.0000 10,0000 4 10.0000 1.0000
Motor 2 wf 0.0000 15.0000 10.0000 w 10.0000 1.0000
Motor 3 o 0.0000 15.0000 10,0000 -4 10.0000 1.0000
Motor 4 of 0.0000 15,0000 10,0000 4 10.0000 1.0000
Motor 5 o 0.0000 15.0000 10,0000 w 10.0000 1.0000

1) When 'Use Backlash Compensation' is enabled, the SmoothStepper will perform Backlash Compensation (B.C.).
Fixing backlash through software is never as effective are removing backlash with better hardware,

* The first column, 'Enabled’, should be CHCKED if it is a normal motion axis, er if you want that motor's movements to affect B.C.
* The next 3 columns ('Backlash Amount’, 'Mach Velocity' and 'Mach Acceleration') are for reference, and may only be edited in: - Menu -> Configure -> Mach... -> Motors
*You need to set a Backlash Amount for both the Master and Slave Motor(s) in a slaved axis. The distances should be the same or only slightly differentand always positive,

* By placing a green check mark in 'Use Custom?', yeu may specify your own Velocity and Acceleration values,

[ ok ][ cancel |

Figure 70, Backlash, all default value

Mach4 own configuration

— - — ﬂ‘

r
Control Configuration
L o

General ‘ Plugins | Motaors | Axis Mapping | Homing/SoftLimits | Input Signals | Output Signals | MPGs | Tools | Spindle | Tool Path|

Default Modes General
Machine Setup Units Arc Center Mode Delays (secs) G code file extensions
@ Inch () Metric Absolute Coolant Delay: 1.00000 *tap; *.nc

Control Mode remntl Mist Delay: 1.00000( G codefile editor

N Eeeditioe Jog Increments (0 = disable) C:\Machd4Hobby'gcedit m

Per Rev. -
i Units Mode . Position1 1 Misc.
Per Min.
| Inch ® Metric : 01 ["lInclude Comments In Messages?
Active Plane 001 [] Deref Axes In E-Stop?
.. Traverse Mode ¥ Y7 OXZ 0001 [] Cycle Stop Is Controlled Stop?
| Rapid () Feed ’ Use Advanced GUI Controls?
Cycle Retract 0.0001 [] Feed Hold Stops Spindle?
Metien Mode Initial Z 1 [] Exiting Feed Hold Restores Spindle?
Constant Velecity Rapid Plane o1 Check Probe Signal Before Probe?
Exact Stop . ' se ZeroBrane Script Editor?
Spindle Mode 00 Profile Backups: 20
Distance Mode @ Const. RPM 0.001
Look Ahead Lines
I Absolute Const. Surface Position 10 00001
Incremental 20
Initialization Codes
SETVN R
= Rotary Axes
Start: 500 || A Rollover
| End: 549 ] B Rellover
[ C Rollover
’ 0K ] ’ Cancel Apply
= = — = e = —

Figure 71, Mach4 General Configuration
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.
Control Configuration lﬁl
Motors | Axis Mapping | Homing/SoftLimits | Input Signals | Output Signals | MPGs | Teols | Spindle | Tool Path
Enabled Description Version Add... |
1 |eff Core - Newfangled Solutions 4.2.0.3804 e
2 | of Keyboard Inputs - Newfangled Selutions |4.2.0.3804
3w LUA - Newfangled Solutions 4.2.0.3804
4 Medbus - Newfangled Solutions 4.2.0.3804
5 | Regfile - Newfangled Solutions 4.2.0.3804
6 ¥ Serial - Newfangled Selutions 4.2.0.3804
7% ShuttlePro - Newfangled Selutions 4,2,0.3804
8| Simulator - Newfangled Solutions 4.2,0.3804
9 |uf ES5 w232 - Warp9 Tech Design, Inc. 1.01.232
QK | | Cancel App
= — -
Figure 72, Mach4 Plugins enabled
Control Configuration X

General | Plugins | Motors | Axis Mapping | Homing/SoftLimits | Input Signals | Output Signals | MPGs | Teols | Spindle | Tool Path

1000

8.00

6.00

400

Velocity (L

-10.000 00:2.00C 00:4.000 Motor 0

V| Motors

Counts Velocity Acceleration Enable
Per Unit Units/Minute  Units/(5ec*2) G Force Backlash (Units) Reverse?  Delay (ms)
2000.0000 15 10.00 D 0.0000 0
OK | | Cancel | | Apply
Figure 73, Mach4 Motors profiles
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rContll:;l Configuration R — N —— . g‘
— e —
General | Plugins | Motols| Axis Mapping | Homing/SoftLimits | Input Signals | Qutput Signals | MPGs | Tools | Spindle | Tool Path|
Enobled| Master | Slavel | Slave2 | Skve3 | Shkved | Slve5 |
X [«  |Motord
Y1) of Maotorl
rdvi wf Motor2
A(3) o Maotor3 |
B (4 wf Motord
Ci5) wf Motors
oB1(6) | ¥ |
oB2(n) | ¥ i
oB3(8) ¥
oB4(9) | ¥
OBS (10) | ¥
0B6(11) | 3

[ o |[ concl | [ sppy |

Figure 74, Mach4 Axis Mapping

rContﬂ:»\ Configuration N W —— - u‘
_— i o
‘ General | Plugins | Motors | Axis Mapping| Homing/Softlimits |Inpnt Signals | Output Signals | MPGs | Tools | Spindle | Tool Path|
Home Dir | Home Order | Home Offset| Home Speed% | Home In Place | Soft Enable | Soft Min | Soft Max
X [Pos | 2 0.0000 20.00 w w 0.0000  0.0000
¥Y(1) Pos 3 0.0000 20.00 w w 0.0000  0.0000
Z(2) (Pos 1 0.0000 20.00 w w 0.0000  0.0000
A(3) Pos 4 0.0000 20.00 w w 0.0000  0.0000
B4 Pos 5 0.0000 20.00 w w 0.0000  0.0000
C(5) Pos 6 0.0000 20.00 Hd w 0.0000  0.0000
OB1(6) Pos 0 0.0000 20.00 w w 0.0000  0.0000 |
0B2(7) Pos 0 0.0000 20.00 w w 0.0000 0.0000 A
OB3(8) Pos 0 0.0000 20.00 w w 0.0000  0.0000
OB4(9) Pos 0 0.0000 20.00 w w 0.0000  0.0000
0OB5 (10) Pos 0 0.0000 20.00 w w 0.0000  0.0000
0B6(11) Pos 0 0.0000 20.00 w o 0.0000  0.0000

[ ok | concea | [ appy |

— — E — = — = —
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Figure 75, Mach4 Homing and Soft Limits

IrCcu’ﬂ:ﬂ:»I Configuration '"_-' — -— ;- g‘
| General | Plugins | Motors | Axis Mapping | Homing/SoftLimits | Input Signals | Output Signals | MPGs | Tools | Spindle | Tool Patn|
Mapping Enabled | Device| Input Name  Active Low | User Description =
Input #0 of |ess  ate '3 H
Input #1 o ESS X111 e
Input #2 of BSS M2 e
Input #3 of ESS X113 e
Input #4 of ESS X115 e
Input #5 of ESS X203 e
Input #6 o ESS X204 e
Input #7 o ESS X205 e
Input #8 wf ESS X206 w
Input #9 o ESS X207 w
Input #10 of ESS X208 W
Input #11 of ESS X209 w
Input #12 of ESS X210 w
Input #13 of ESs X211 w
Input #14 o ESs W22 w
Input #15 of ES5 X213 w
Input #16 o ES5 X215 w
Input #17 of ESS X310 e I
OK ] l Cancel ] [ Apply ]
- _ :
Figure 76, Mach4 Input Signals
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-
Control Configuration

F= -_— N &

[S==)

| General | Plugins | Motors | Axis Mapping | HominnguﬁLimits| Input Signals | Output Signals | MPGs | Tools | Spindle | Tool Path|

Mapping Enabled| Device| Input Name | Active Low |

User Description

|23

Input #17

Input #18

Input #19

Input #20

Input #21

Input #22

Input #23

Input #24

Input #25

Input #26

Input #27

Input #28

Input #29

Input #30

Input #31

Input #32

Input #33

Input #34

WO N KK N KN KK NN KA AL LA

ESS
ESS
ESS
ESS
ESS

X310
pEah ]
x12
¥313
X315

8 N N % B 8 N 8 N N N N N N & N N X

i

QK

| [ Cancel | [ apply

]

Figure 77, Mach4 Input Signals (continue 1)

- S -— — — -
Control Configuration . » v
—

‘ General | Plugins | Motors | Axis Mapping | HummngoftLimitS| Input Signals | Output Signals | MPGs | Tools | Spindle | Tool Path|

==

Mapping Enabled | Device| Input Name | Active Low|

User Description

| [4]

| Motor 30U --

Motor 31 --

Probe

Index

Limit Override

E-Stop

THC On

THC Up
THC Down

Timing
Jog X+
Jog X-
Jog ¥+
Jog Y-
Jog Z+
JogZ-
Jog A+
Jog A-

ESS

(55D FeedBack

lnn Bs

Koo R B B N N X X X N K A NKKKS

K % % 5 8 N K K N N N KN KK KKK R

| EEEEEEEE—————————————————————.

ok |

Cancel

] [ Apply

]

Figure 78, Mach4 Input Signals (continue 2)
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rComl'\:»l Configuration :.—- T‘ -— :-_ - g‘
| General | Plugins | Motors | Axis Mapping | Homing/SeftLimits | Input Signals | Output Signals | MPGs | Teols [ Spindle | Tool Path|

Mapping Enabled| Device|  OutputName | Active Low. User Description [l

X++ o | 4 E
X-- 4 4
X Home W 4
Y s+ w '
Y- 4 4
Y Home w 4
Z+s W 4
zZ-- 4 4
I Home w 4
A+t w 14
A- 4 o
A Home w 4
B+ w 4
B-- 4 o
B Home 14 4
C++ ® o
C-- 4 4

C Home o w il

[ OK ] [ Cancel ] [ Apply ]
Figure 79, Mach4 Output Signals
rConh'l:»l Configuration -.—'—_ T‘ -— -—- - g‘
General | Plugins | Motors | Axis Mapping | Homing/SeftLimits | Input Signals| Output Signals |MPGs | Tools | Spindle | Tool Path|

Mapping Enabled | Device | Qutput Name ‘ Active Low ‘ User Description ‘
| Enable¥29 & ®
Enable #30 | 3 4
Enable 231 | 3¢ 4
Output 20 | of ESS  v3oL w
Output#1 | off ESS  v302 w
Output#2 | of ESS V303 w

Output #3 | of ESS Y304 i H
Output#4 | of ESS V305 w
Output#5 | off ESS V306 w
Output #6 wf ESS Y307 W
OQutput#7 | off ESS V308 w
Output#8 | of ESS  v309 w
Output#9 | of ESS V34 Ww
Output #10 | of ESS V316 w
Output#11 | 3¢ 4
Output#12 | ¥ 4
Output#13 | 3¢ 4
Output#14 | 3¢ 4

Ot 215 | 2P |4 E|

QK ] [ Cancel ] [ Apply I
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Figure 80, Mach4 Output Signals (continue 1)

— — -— W - g‘

-
Control Configuration

General | Plugins | Motars | Axis Mapping | Homing/SoftLimits | Input Slgnals‘ Output Signals | MPGs | Tools | Spindle | Tool Path|

Mapping Enabled ‘ Device ‘ Output Name | Active Luw| User Description | i

m ET|

Reserved #1

Reserved #2

Current Hi/Low

Spindle On ESS SPINDLE, NO3 Relay3

Spindle Fwd

Spindle Rev

Coolant On ESS MO Relayl

Mist On ESS MNO2 Relay2

Digitize Trigger
Alarm

Parts Finished

TLM Tool Change

Waiting

Retract

0Bl ++

m. |

OB1 --

0B1 Home

K% o) % 8 N N N N N AAAAANNKS
K B¢ 8¢ 8 8¢ 8 8 8 8 8 8 N N N N N K K R

NRY =

[ ox [ concel | [ appl

Figure 81, Mach4 Output Signals (continue 2)
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Pr— s o =

— -

[SSX)

General | Plugins | Motars | Axis Mapping | Heming/Softlimits | Input Signals | Output S\gnal.s| MPGs | Tools | Spindle | Tool Path|

-
Control Configuration

Enabled | Encoder| Counts Per Detent | Accel % | Velocity %| Reversed |

Mpg #0

Mpg #1
Mpg #2
Mpg #3
Mpg 24
Mpg #5
Mpg #6
Mpg #7
Mpg #8
Mpg #9
Mpg #10
Mpg #11

T L L L L L L LILIC

o = = = = = = = =

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

BN B N N B N KN N N KK

[ o

Cancel

J

Apply ]

Figure 82, Mach4 MPGs

-
Control Configuration

-

—

—

=)

General | Plugins | Motors | Auxis Mapping | Homing/SoftLimits | Input Signals | Output Signals | MPGs | Tools |Spind|.e | Tool Path|

Max Tools

Tool Change Type

on M6 line is next tool

() T on MB line is tool to use.

Tool Life Cancel Mumber

100

Tool Life Restart M Code

0

Tool Life Type Default

Cycle
) Time
Tool Skip Group
@ Current Group

() Specified

Tool Exchange Reset Signal

@) Clears specified group.

() Clears all groups.

Life Count Override (time only)
(@) Disabled

(1 Enabled

M3 Expired Condition
@ TLCHB signal is not output.
() TLCHB signal is output.

TLCHB Signal

@ Qutput for each tool.

() Qutput for the last tool in a group.

Cancel

J

Apply

Figure 83, Tools
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Control Configuration ‘ @
General I P\ugm;l Matars I Axis Mapping | Homing/SoftLimits | Input Signalsl Output Signals | MPGs IToo\; | Spindle |Tool Path‘
MinRPM  MaxRPM | Accel Time | Decel Time | FeedBack Ratio | Reversed -
o foo o0 o000 0.00 1.00000 x
1 0.00 0.00 0.00 0.00 1.00000 o
2 0.00 0.00 0.00 0.00 1.00000 x
3 0.00 0.00 0.00 0.00 1.00000 o
4 0.00 0.00 0.00 0.00 1.00000 4
5 0.00 0.00 0.00 0.00 1.00000 o =
6 0.00 0.00 0.00 0.00 1.00000 4
7 0.00 0.00 0.00 0.00 1.00000 o
8 0.00 0.00 0.00 0.00 1.00000 x
9 0.00 0.00 0.00 0.00 1.00000 o
10 0.00 0.00 0.00 0.00 1.00000 4
11 0.00 0.00 0.00 0.00 1.00000 4 L4
12 0.00 0.00 0.00 0.00 1.00000 4
13 0.00 0.00 0.00 0.00 1.00000 w
14 0.00 0.00 0.00 0.00 1.00000 o
15 0.00 0.00 0.00 0.00 1.00000 x i
Max Spindle Moter RPM:  10000.00 [T Wait on spindle to stabilizete 90— percent.
Spindle Override Delay: 25 {ms)
Step/Dir Spindle Axis: (Axis must be enabled and mapped.) [ Enable Step/Dir Spindle rigid tapping.
[ QK l [ Cancel l [ Apply

Figure 84, Mach4 Spindle

The value in MaxRPM column for each range or gear number 0-15 is referenced to 10V. In this
case, 10000 RPM is preferred for analog output tuning. Since it reflects to 0-10V while we enter
speed command in MDI such as $10000 for 10V, S6000 for 6V, S3500 for 3.5V. The below is
formula for 0-10V.

Voltage = (Requested RPM / MaxRPM) * 10
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r N
Control Confiqurati - ——— — T ———— -—
on onfiguration g

|| | General | Plugins | Metors | Axis Mapping | Homing/SoftLimits | Input Signals | Output Signals | MPGs | Teels | Spindle| Tool Path

Tool path colors

Tool Path Backgreund Tep Color

Tool Path Background Bottem Celor :]
Linear Color i]

Highlite and Past Move Color :]
Machine Limits :]

Rapid Color
Arc Color

Axis Color

Tool path options
Show Tool Path Limits? i
Disable VBO Tool Path?

Use Lazy Tool Path Update?

Path Line Width 1 Ais Line Width 1

Display A Axis Rotation:

[ ok | [ cancel | [ Appy

Figure 85, Mach4 Tool Path Colors

-
@, Mach 4 - Hobby — ——— S W e E‘ﬁu

File View Configure Diagnostic Wizard Operator Help

JProgram Run | ToolPath | Machine Diagnostics Probing | Offsets ]

J Current Positions ] Program Extents ] Tnnl Path

By | 04595
All Axes
l Bl 04895
i
) o T Y.V
Work Pl'ﬂ| | | E i I[ To Go ]I

H
| i
| ]7 =
(1 s o
i
Fzzr Bat:  Rapid Rat - - Trnl Inf ti Crindle
0.00 P J File Ops ] Run Ops ] Tool Path Ops. l logging ] g‘:&" orm?)\o"m ® 0 4 =
Gald Gied Cumen Flie. CyoeTme 00000199 ] 0
[wes] (=) pemmamas 0 () (=) ——
fl * Aztve H Ctoar 2 0 |
EEEDNR nd 0
0 | |[etme ] o] Caan) | [Town | [ =
i ] Touch
& Code From Here G Code Line ‘ HEDITE ¥ |
ol
[l = =29 i N Line: 5 DAL lemmn_l Bﬁm EFe) (=
| @0 @17 830 G91.1 G34 520 340 G49 G50 G35 G50 G67 BI7 B54 G4 GEY G15 B40.1
Efmmw,uexmsmmmn Frafie E Sareen @

Figure 86, Mach4’s first screen
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Mach4 Keyboard config

Config Keys Yy e
InputName Key Shift Alt Ctrl Lock Key Function
IlArrnw Up [38] W w of None VJog+
V- Arrow Down [40] w w of None ¥log-
*- Arrow Left [37] w w of Mone Xlog-
e Arrow Right [39] w 4 of Mone KJog+
Z+ Page Up [33] w w of None Zlog+ l
z- Page Down [34] w W of None Zleg-
A Arrow Up [38] o 4 of Mone Alog+
A Arrow Down [40] of w of Mone Aleg-
B+ Arrow Right [39] of w of MNone B Jog+ |
B- Arrow Left [37] of w of None B log-
C+ Page Up [33] of w wf MNone Clog+
- Page Down [34] of 4 of None Clog- i
Add
’ oK ] ’ Cancel ]

Figure 87, Mach4 Keyboard Mapping

Appendix I MB3 Specifications

Dimensions

Supply voltage

Supply voltage ripple
Transistor Outputs Yxxx

Relay contact ON1, ON2, ON3
Analog output AO

Inputs type

Inputs voltage level

Inputs response X1xx, X2xx
Inputs response X3xx
Ambient operating temperature

*Tested on Mach4

130 x 155 mm (height x width)

24V (18-28Vdc ), 500mA

<5%

NPN, Sink 5-24Vdc, 70mA Max

0.5A 120Vac, 1A 24Vdc

0-10V ( Error £1.2% between 1-10V)*
NPN/PNP

5/24Vdc

14.37khz / 69.58us / 862,200 index rpm*
28.5khz / 35.08us / 1,710,000 index rpm*
0-40°C
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Appendix Il MB3 Board Dimensions

5.00
<
HOLE 3.8, RING 8.00 FOR SCREW M3 x4 _>| ¥
i 8
(©) PdeoodoRoRcoRooRdond: 00000000 (O @
A7 V4% %% % AN AZ Y V4% % %%
P L I TN
EISC-rL=3°5=S58SSS5SS55353= 555 3 =a6ni N
o ><><><><><o O X X X X X X X X X X X X xX X X ::VCC@ CO
vce [5@)
,—HOLE 3.1, RING 6.35 FOR SCREW M3 x2 XS*@ Ol
4 xs- 3 NSO
© PR
¥ X xo- 5| NO
T — | o Wy, TRIE
3.63 % xz‘:)\; m EE ]
(P omtos oo || aue B = ys i N
25. 40 o+ N
! § O INES)
Q m zs+f N |
. vc|:§3§ Y zS- = CO
o 9 ] e RIS
S ko] 'E
g o y o 3 = i zo. 3N
b M3 ! DRIVES EE
T ESS BOARD “ammAsINCO L R
1 — am - CO TS}
<+ ¥ SINK OUTPUTS L AD+§ CO o
‘r_ I \] uv; |Step] AD. n CO T
g T . ; g
Ya01é :&;un‘n i BS"‘@ CO I
Cr\j - H 7| BS- W CO
S mm v Bo+E NEO
N[0OO00000000000 000000000000 u_‘F""'BD-E @)
000000000000 mzl000000000000 CS+§ CO'
S - I NEe)
- cs- 1
13 ""g:] 92.08 ﬁl’l co+fl| NI
o " 1 co- & NcO
Nl am &8s, 588358858820 N-mg-ml'l E
| | s 3885850200002 50 03333887 22525388
K e}
R Y% % Y% % %% %% Y% %% g
< ()| BE0BEeAE00300E000 Sao0Ee0©)] §
8 k! 5.ho
[te} 10.28 134. 49
155. 00

Unit 1s mm.

Standoffs installation on back panel
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145.00

120.00

‘4

&
¢

M3x0.5 mm thread

\ - 7
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Appendix III Safety circuit options

The circuits shown below are only examples and adhere to no particular country’s safety
standard. Please always seek professional advice from a qualified electrician or electrical
engineer in your country of residence before implementing any circuit that is presented in this
manual. CNCRoom cannot be held responsible for any adverse outcome, which came about as
a result of copying anything from this manual.

Safety Circuit 1

MB3 Board

Safety circuit 1 is simple but effective. It has fewer components and less wiring and relies
mainly on good and consistent function of the computer and electronic components to
disengage the drive’s power through a “servo on” signal or similar.

To main power

Note. 1phor 3ph
1. Make X203, X209, and X210 as inputs of safety circuit AN A AN
by soldering their bridges underneath of MB3 board. Then
assign X202 as the E-Stop input.
2. Assign X115 as Limit input o
3.Assign Y316 as Enable2. \__\;__\’ Circuit
| Noise Filter Breaker
|
o-24Y 24vdc 1) ®
(o, oV Power supply ') 9
I
|
I & @ Noise Filter
| o Series of limits switches
+ X115 (Limit signal)
o <L|.—<L|.—|
é ov
! E-Sto
o P <
d': X203 (E-Stop signal) ‘? —1—o <Zt
1 oV ~N | [ Y o 2
(? O
. =
| ¢Q———-7—0 =
5 Step command — ® vo) 8
<
Direction command < 2 <Zt
n // o
24V 24V <
é o = Control power and -
| ov o = Main power
? Y316 Servo O = f——O =
. ervo On ;
o o 5 o &
: X209 (Fault input) ﬁ ? ° g
aultinpu i
é : Fault (Drivel) o g o o
| X210 (Fault input) Fault (Drive?2) o =z
? oV ° 3
? 0 Servo Drive <Z(
! Servo Drive O Power circuit E
1 Control circuit
|
|

External Circuit

Figure 88, Safety Circuit 1
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Safety Circuit 2

Safety circuit 2 is more for the user who prefers not to rely on electronics for safety and would
prefer the option of disengaging power from the drives or hazardous devices by the use of
unintelligent components, such as limit switches, the Estop button or a magnetic contactor.

In a situation where a motor runs out of control, being caused either by electromagnetic
interference or even human error, a well-designed system should be able to halt the machine
by the use of limit switches alone or by hitting the Estop button.

However, in normal circumstance, the MB3 with an external circuit and connection to a
computer should work well together. In some drive connections you may need to implement
the use of timer relays to handle an “Under Voltage” error.

Note.
1. Make X203, X209, and X210 as inputs of safety circuit T°lm;““ g"";er
. . . or
by soldering their bridges underneath of MB3 board. P P
Then assign X202 as the E-Stop input. T™ 7T
2.Assign X115 as Limit input
3.Assign X110 as OEM Trigger, Then assign “Reset OEM
code” or 1021 to System hotkey > External button. __\___\‘ Circuit
: 4. Assign Y214, Y316 as Enablel, Enable2 respectively.  Noise Filter Breaker
. 24V
o024V * 24vdc ) ®
(o, oV 2 Power supply o ®
1
! 24v
! | @’ G’ E’ | Noise Filter
! M1 1N2004
1
i Limit override I Y
. m .
! Pee NO2 (Y214)
1 =
i Series of limit switches I .
: On board relay AL Magnetic
A L A (D S \ \ \ M1 Contactor
é X115 (Limit signal)
! 1 body, 2 contacts
| OVR (safety override) Reset E-Stop.1
@ i m a j:’
-E C X110 (Reset signal) l P T o—y 0 <Z(
- P T N ¢ o Z
o é X203 (E-Stop signal) . o S
o 9]
M [ o] %
[ 4 O
? -
™ <
o
E < \\
) Control _4 Main power
é 24V 24V o <Z( power .
| M1 s <
o oV et Servo On o E g 2'
: = zZ
o Y316 Alarm clear o % o 3
[ ' ‘Q O O
é X209 (Fault input) Fault (Drivel) ° <Z( o =
| X210 (Faultinput)  Fault (Drive2) e 2
ov © Servo Drive =
o Power Cicuit Z
Servo Drive I

Control circuit

External Circuit

Figure 89, Safety Circuit 2
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Safety Circuit 3

Since the MB3 board supports an “Off-Delay” function for relay K1 and K2, it allows the user to

create a timing sequence for devices that need to power up or
different times.

In this circuit an AC line monitor for recognising a “Power-Out”

also been introduced. This circuit will halt the machine in an o

power down independently at

or “Black-Out” condition has
rderly fashion before it loses

power completely. A UPS is needed to power AC drives for few seconds after the power has

failed. For DC drives a lower cost, slow charging capacitor is all

Output Timing E-Stop Event
N4

that is necessary.

To main power

1ph or 3ph
Enable2, NO2 | —>: Gooms |e Mag Contactor AN AN
Enable4, NO1 | — 440ms |e Servo On
Enable6, Y314 r | Brake
3 Circuit
[} | Off delay | "\"\ Breaker
i Noise Filter
o024V 24vdc )
(o} oV Power supply ) 9
|
Enable6 ¢ Y314 mechanical brake N For drives do not
support brake (° @ Noise Filter
é Z Step, Dir command
| Y Step, Dir command
—9
Z X Step, Dir command ®
; Vv
! Drive Control Cicuit ] 4 I
|
¢ 24V 24V O 1 v \__\__\___ M1 Magnetic
. ) - NO1 (Y201) Servo On ~~o Contactor
(Bridge time delay)Enable4 O O \O <
é Y316 Alarm clear \O\ )
, O [~ 2
| X208 (Fault input) Fault (Drivel) \O\ =2
(Bridge safety circuit) Q O ~o § PS 7o)
- X209 (Fault input) Fault (Drive2) ¢ 0
(Bridge safety circuit) Q ~o @] s S =z
(Bridge safety circuit) &- X210 (Fault input) Fault (Drive3) o) g
v \ 2 @ O T
3\\0\\0 Z ? o °
\o a
(Bridge time delay)Enable2 ¢ N2004 Main .
power °
L]
M1 Rel'eTa'se.E _______ :
oV '_: 1 Control 0o
J . T ! power O
1 X115 Series of limit switches [ 0o
Limit ? | —
o : o 2
. | O 5
| OVR (Override) Release.1 J'
Y110 (Reset l m_,TTTTT Servo Drive
(OEM code 1021)Reset O (Reset) E-Stop.1 Power Cicuit
X203 (E-Stop)

(Bridge safety circuit)E-Stop é
! ov

A X204
(OEM code 1000)CycleStart ©-

¢0V

i X207 P Fail
(Bridge safety circuit) Q ower aflure

@

E'/ CycleStart

PC814

pEE]

22K 1W x2
—V\V\—— AClLline
—/\/\—— Monitor

V+  DCbus

capacitor
Ov

Slow charging

— MB3i— External Circuit

Figure 90, Safety Circuit 3
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Appendix IV Figure and Table references

Figures
Figure Number Page
Number
Figure 1, MB3 OVervieW CONNECTION ...ttt 7
Figure 2, MB3 BOArd LAYOUL .......uiiiiiiiiie ettt e sttt e e et e e s et e e e et e e e eabae e e easaeeeennseeeaennseeeasnnsenas 8
Figure 3, ESS board installation ..........eei i e e e e e e 10
Figure 4, Connection Diagram ..., 11
Figure 5, SCU utility successfully connected to the ESS. ......coocuiiiiiiiiii it 11
Figure 6, Youtube tutorial video for beginner. ... iiii e 12
Figure 7, Power SUPPIY CONNECLION ..ooiii it e e e e e e e e e e e s e eannraeeeeas 14
Figure 8, Axis command terminal and various connection Modes ..........cccccvveeeeeiieecciiiieeee e, 15
Figure 9, INPUL tEIMINGIS ....viii e ree e s e e e e e rtee e e e sate e e e esataee e sntaeeeennres 16
Figure 10, Input Type: NPN/PNP, SINK/SOURCE ......ccceeooeieeieeeteeecteeeeereeeeteeeereeeeveeeeareeeneeeeseeeenresenseees 17
Figure 11, Basic input connections with internal POWEr ... 17
Figure 12, Basic input connections with external POWEr .........cccvivecieii e 18
Figure 13, Common OV or PNP inputting can mix and match between 24V and 5V inputs ................. 19
Figure 14, Conventional series connection of LIMIT and HOME switches. .........ccccccveeieecieececcriee e, 19
Figure 15, SENSOr CONNECLIONS...ccci i 20
Figure 16, MPG/ENcoder CONNECLION CIFCUIT ...viivieieeireeeieeeteeciee ettt ereereesreesteesteeereeabeenbeeteenbeesanenanes 20
Figure 17, AC SOUICE iNTEITACING. ...cccciiie et e e et e e e te e e e e are e e e e atee e e ennaeeeeensees 21
Figure 18, OULPUL TRIMINGIS ...cceiiie ettt e e e e et e e e e et e e e e eate e e e enreeeeenraeesennteeaeensens 21
Figure 19, connecting various 10ads t0 @ “Y” OULPUL.....cccciiii i e 21
Figure 20, Charge pump interlock with other relays......ccoeeeiiiii i 22
{0 = VA o1 I ole] o o =Yt f o] o PO PP PPUPPPPPPPP 23
Figure 22, Analog output adjustment POTS ........uiiiiiiiie ettt e et e e ree e s e aae e e e 23
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T U e TR d o 1=l @ i 7= ol 1 ST 24

FIgUre 24, the LINEAr POT ....cci ettt ettt et e e te e e e e tte e e s e ate e e s eatee e s e aaeeeeenstaeesenntaeesnnnenas 24
Figure 25, Standard setting in Pulley Max Speed for Mach3 .........ccccce oo, 25
Figure 26, Standard setting in Pulley Max Speed for Mach4 ..., 25
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