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1 Project Overview

The team interfaced a CNC machine with a MIG welder to create a 3D metal printer.

2 Project Proposal

2.1 Sponsor Proposal

The company is in the process of constructing an innovative 3D metal printer controlled
by CNC (Computer Numerical Control). The project was a combination of two machines:

e CNC mill - (3, 4 or 5 axis CNC mill)
e MIG/TIG welding machine.

The purpose for the CNC motion control (CNC mill) is to program and control motion
of the machine, and in this case, the metal deposition process. The purpose for the MIG
welder is to deposit liquid metal. Many kinds of wire can be used by the welder to form the
parts; carbon steel, titanium, stainless steel or aluminum. The idea for metal deposition and
an example that uses a laser can be found at:
https://www.youtube.com/watch?feature=player_embedded&v=s91dZ2pI5d A

A problem with laser use is its high cost. In this project, the welding machine used cost
$400. Another example can be found here:
http://www.wired.co.uk/magazine/archive/2014 /08 /play /steel-sketch

AKTechnology’s plan is to manufacture parts for pump and compressors, and research
and develop parts for all sorts of use. The goal is to fabricate low cost and highly usable
machines.

The company has CNC PC based CNC mill-motion controller.
https://www.youtube.com/watch?v=Plf3t70951U&list=UUlGufPQeEKdN1-50F89Ejig
https://www.youtube.com/watch?v=G-jokU7v92E&list=UUlGufPQeEKdN1-50F89Ejig
https://www.youtube.com/watch?v=bPQ5UNiGA4c&list=UUlGufPQeEKdAN1-50F89Ejig

The project was to upgrade this CNC motion controller — mill into 3D metal deposition
printer by adding a MIG welder instead of a cutting tool spindle. The CNC motion control
was reprogrammed. The MIG welder was operational.

The project will also build control to integrate CNC mill and MIG welding machine. The
Welder has 2 adjustments - feed of wire and current. A stepper motor is planned to be used
to control those analog data for wire feed and power current. The PLC, programmable logic
controller, will join the CNC motion controller and the MIG welding machine.


https://www.youtube.com/watch?feature=player_embedded&v=s9IdZ2pI5dA
http://www.wired.co.uk/magazine/archive/2014/08/play/steel-sketch
https://www.youtube.com/watch?v=Plf3t7o951U&list=UUlGufPQeEKdN1-50F89Ejig
https://www.youtube.com/watch?v=G-jokU7v92E&list=UUlGufPQeEKdN1-50F89Ejig
https://www.youtube.com/watch?v=bPQ5UNiGA4c&list=UUlGufPQeEKdN1-50F89Ejig

2.2 The Goal

The end goal of this project is to fully integrate the MIG welder with the LinuxCNC
system. Integration will include a way to control all of the functions of the welder, i.e. wire
speed, maximum current output, engaging and disengaging the welder at appropriate times.
In order for this to be done, electromechanical devices must be used to manipulate the
knobs on the MIG welder. At the very least, the machine must be able to deposit material,
reproducing a simple single object from a CAD drawing. Our aim is to produce a 1”7 cube.
However, it is desired that the machine will be able to create complex structures on a single
base. Precision of the deposition is not the primary concern, however it will be a requirement
that the total amount of material deposited is more than the minimum tolerance of the part
being created. This will allow for material to be machined away to a more precise tolerance.

2.3 Our Starting Point

The groundwork of this project has been completed by Aram Kasparov, the project
sponsor. The project at its current state consists of a PC controlled CNC machine, a MIG
welder, an infrared temperature sensor and a current measuring sensor. The PC controlling
the CNC machine is running a Linux operating system. LinuxCNC an open-source software
is used for programing and interfacing with the physical machine. Additional hardware is
installed onto the PC, consisting of Mesa Electronics 5120 FPGA based PCI Anything I/0O
card, 7i33 analog servo interface card and two 7i37-COM isolated I/O cards. The LinuxCNC
software communicates the control signals and receives feedback through these cards. The
CNC machine is a 3-axis machine-that is it can move in the X, Y and Z directions. Each
axis is moved by a servo-motor and each servo motor is driven by a driver which receives its
control commands from the PC. The machine is functional, though the motors will require
some tuning and limit switches need to be programmed in (they are physically installed on
the machine but not included in the program). The MIG/Flux cored welder is rated at 180
Amp-DC, 240 Volt with a duty cycle of 20% at 140 amps. The welder has current and wire
feed adjustment capabilities for controlling the weld. These two knobs will be controlled by
two stepper motors which have been installed onto the welder already. The current sensor
has the ability to measure up to 225A. It has been demonstrated to be functional and will
be used to monitor the current of the weld. The infrared non-contact temperature sensor
is rated to measure temperatures up to 1800 degrees Celsius, though no tests have been
performed yet.



2.4 Requirements

e Must use a wire feed welder

o Welder must have a Control System

e Must measure weld temperature

e Must measure weld current

e Must use both previous parameters to estimate current quality of weld

e Must use “G code” as inputs

e Must control when material is being deposited

e Must have user interface

e Should allow for welder thermal shutdown

e Should Measure Wire Speed from welder

PowerC————————)

Gl ——)

G0 ———)

Welder Current :}

Welder Temperature :i)

Wire Speed ——)

Wire Speed Homing System c——————)

3D Metal Printer

) Weld Switch

——————————— Wire Speed Adjust

) CNC Speed/Pause
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—————— GO Indication

Figure 1: Level-0 Block Diagram of the 3D Metal Printer
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3 Schedule
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4 Hardware

4.1 Welder Control

To control the welder, a central control module will be used. This was a hot topic of
debate for several weeks, as the number of choices available for this project are very high.
The sponsor’s requirements for the project was that all of the control work was done by a
separate computer from the one used by Linux CNC, this only narrowed it down to a choice
between a PCI-Express DAQ board and a single board computer. Based on the need for
both analog and digital control pins and the need for future expansion, we researched and
came up with several options.

Single Board Computers DAC
Raspberry-Pi Sensoray 826
Intel Galileo MCC DAS1602/16
SBC 8600B

Wander Board Solo
Beagle Bone Black

In the end we chose the Sensoray 826 board because for the price it outperforms all other

boards on the market by having 16 analog inputs, 8 analog outputs, and 48 digital I/O pins.
This board was chosen for the high level of future expandability that it has, and because it
is a PCI-Express card which can be packaged into its own desktop as per request from the
Sponsor.
To control the current to the weld and the wire speed of the welder, two stepper motors have
been fitted to the manual control knobs, and are connected to a motor driver module. The
Sensoray board will be controlling the motor drivers using a sequence of rising and falling
edges. To allow the controller board to control at what time the welder is depositing and
when it is not depositing, a relay with a transistor driver will be used.

The signal that tells the controller will be coming from the CNC machine’s I/O card. Tt
is a switch type signal which means that when the signal is sent, an internal switch will be
closed, causing what ever is on the input to be shown on the output. The CNC machine uses
G-Code (described below), and Linux CNC allows outputs to be asserted when a particular
G-Code instruction is executed. G1 and GO are going to be used to tell the I/O card to
close and open the switch, which will assert 5V DC to the input to the control module. The
control module will assert an output high or low which will open or close the welder switch,
turning the welder on and off.

The Sensoray 826 1/0O card has three 50 pin connectors and two 26 pin connectors. To
allow easy access to these pins, a breakout board with screw terminals has been made so
that wires can easily be disconnected and switched.



4.2 Breakout Boards

To easily connect to the Sensoray 826 board, several breakout boards with screw ter-
minals were made. There are two types of break out boards, a 50-pin board and a 26-pin
board. 50 pin boards are used to connect to the digital and analog pins of the control board,
while 26 pin boards are used to connect to the various counter channels. Shown below are
images of the boards them selves. With the empty side of the board facing you, the screw
terminals are in order from 1 to 50/26 starting on the right hand side.

%
1)

i

Figure 5: Board Layout of the 50 pin Breakout Board for the Sensoray 826 1/O card
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Figure 6: The 26 and 50 pin Breakout Boards with connectors for The Sensoray 826 1/0

card

4.3 Temperature Sensor

An infrared temperature sensor will be used to measure the temperature surrounding the
weld area. These temperature sensors typically have a higher operating range than other
types of temperature sensors. The chosen sensor is the CTLM-1M-1H1-CTL-CF4 from
Micro-Epsilon. This sensor was chosen of it’s operating range was 800C to 2200C. It has
multiple configurable output types, including current output, voltage output, and alarm out-
puts. This sensor also has a focus point at 450mm (18 in) which gives considerable distance
from the weld, and it is not impractically far away. Further documentation can be found
(Appendix temp sens). The Sponsor has agreed to take care of mounting the sensor on the

machine.

The chosen output type of the temperature sensor is chosen to be a voltage output with a
full-scale range of 0V to 10V. This range was chosen because the ADC on the Sensoray 826
are configurable to accept up to +10V and another Analog input needed the input configured
to +10V. Setting the output range to OV-10V on the current sensor removed the need to
write additional software to solve an issue that was solved in other means.

10



Figure 7: The Micro-Epsilon 1IMH1-CF4 Temperature Sensor

4.4 Incremental Encoder

The Incremental Encoder is used to measure the actual wire speed of the welder wire. The
encoder needed to be incremental because of the need to know speed, and that current po-
sition did not matter. The chosen encoder is the U.S. Digital S5-5000-250-1E-D-B. Initially
a pulley on a shaft type encoder was going to be used. The pulley be mounted to the frame
of the welder and the encoder would be placed under tension underneath the wire that is
being fed to the weld. However this was not successful as there could not be any external
tension placed on the wire inside the welder.

Fortunately the main drive pulley has a square drive shaft and stuck out past the edge of
the pulley. A small plastic “coupler” piece was 3D printed that adapted the round end of
the encoder, to the square drive shaft of the drive pulley. The CAD drawing of this part can
be seen to the left. This piece allowed an accurate measurement of the actual wire speed of
the welder to be interpreted by the Sensoray 826. Here, the calculations for the wire speed
can be found.

11
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Figure 8: Schematic of the Incremental Encoder

Figure 9: The US Digital S5-5000-250-1E-D-B Incremental Encoder

12



4.5 Relay and Indication Module

A relay was used to interface the Sensoray 826 with the welder. A relay provides isolation
from any harmful voltage spike that occurs on the welder’s circuit. It also acts as a mechanical
switch, which is the same as the trigger on the welder gun itself. It is unknown what type
of signal is passed through the welder switch weather its DC, or AC the relay will on act
differently, as a transistor might. The interface circuit includes a transistor drive circuit that
switches an 8V supply (which comes from a wall wart power supply) across the coil of the
relay on and off. This module also includes LEDs to indicate what state the CNC machine
is currently in. A schematic and an image of the final module can be seen below.

There were some issues with the relay module, where were that the Sensoray 826 has
internal 10k pull up resistors, and when the machine powers up, the active low DIO pins are
initialized to a O-state, which means that the voltage is high on the pin. When connected to
the welder, this meant that when there was not any code being executed the welder would
be activated. To remedy this issue, an inverter was placed on the input.

Figure 10: Schematic of the Relay & Indication Module

13
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4.6 Stepper Motor Controller

P/N:
Controller: KL-5056
Motor: KL23H2100-35-4B

The stepper motor controller is used to control a motor that adjusts the wire speed knob
on the welder. From the Sensoray 826, there are two digital signals that control how much
and in which direction the motor turns. To tell the motor two turn, a PWM signal with a
50% duty cycle is used. The frequency determines the speed of rotation. The direction signal
is either a high or low 5V signal that will turn the motor clockwise or counterclockwise. The
controller also has a programmable step resolution, which is either defined in software, or by
using the DIP switched located on the side of the controller. Further documentation on the
controller can be found here.

The motor is coupled to the wire speed adjustment knob via a PVC cylinder, which
have elevated surfaces where the limits of the knob are. Shown below, are switches that get
triggered if the motor turns too far. The limit switches are connected to the enable pin of the
motor controller, so that if the motor accidentally turns too far, it will disable its self and it
will not damage the knob on the welder. An additional switch is added to the PVC cylinder,
which is used as a reference position of the knob. Shown below is the wiring diagram of the
motor controller.

Figure 13: The Stepper Motor Controller

15



4.7 PWM Controller
P/N: Mesa THC A-D

The PWM controller is a voltage to frequency converter. It is used to externally start and
stop the CNC machine. The voltage input of the PWM controller is connected to a digital
output of the Sensoray 826. To stop the CNC Machine, a 5V signal is send and to stop
it is OV. The CNC machine is initialized to use this 5V signal in the .HAL file associated
with that machine. In fact the voltage on that pin can be anywhere between 0V and 5V for
further external control of the welder, however in the scope of this project, only a high or
low signal needs to be sent.

Figure 14: The Mesa THC A-D PWM controller

16



4.8 Current Sensor

P/N: CSLA1DJ

This current sensor has an operational range of 0 to 225A, which is well over the maximum
current of the welder. It is placed in a small plastic housing, which a jumper cable is passed
though. The sensor is a Hall effect sensor that is placed inside a ferrite toroid. The output
of the sensor is a voltage that sits at half of the supply voltage, and will deviate above or
below that level based on he magnitude and direction of the current. There is a metal lug,
which the ground connection of the welder connects to. The other end of the module is a
large alligator clamp that connects to the plate being welded to.

|

Figure 15: Schematic of the Current Sensor

Figure 16: Board Layout of the Current Sensor

17



Figure 17: The CSLA1DJ Current Sensor
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4.9 Wire Speed
For calculating Wire Speed with Rotary Encoder

Vi

Y

So Angular Velocity is,

n

=N

n = number of up/down counts, N = number of up/down counts/rev, T" = sampling time.

And Linear Velocity is,

v, = wr
w=2nf
So,
_ nd
~ NT

Connections to 826

J4 Pln 1 +AO
Pin 2 | -A0O
Pin 3 | GND
Pin 4 | +B0
Pin 5| -BO

19
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Figure 18: Encoder Connection

4.10 Pin Assignments

DIO Channel
PINS Wire Color Number Function
1 Teal 23 CNC Start/Stop
2 Black GND for CNC Start/Stop
3 Blue with White Stripe 22 Direction of Stepper Motor
4 Black with White Stripe Return path for Limit Switch
5 Brown 21 Pulse on Motor Controller
6 N/C GND
7 Purple 20 Wire Speed Home Switch
8 Black GND for Wire Speed Home Switch
9 Green with White Stripe 19 G1 Input (From CNC Machine)
10 N/C GND
11 Orange with White Stripe 18 GO Input (From CNC Machine)
12 N/C GND
13 Green 17 G1 Output (To Relay and Ind. Module)
14 Black GND for Relay Module
15 Orange 16 GO Output (To Relay and Ind. Module)
16 Black Power Supply GND for Relay Module
17 15
18 GND
19 14
20 GND
21 13
22 GND
23 12
24 GND
25 11

20




DIO Channel
PINS | Wire Color | Number Function

26 GND
27 10

28 GND
29 9

30 GND
31 8

32 GND
33 7

34 GND
35 6

36 GND
37 5

38 GND
39 4

40 GND
41 3

42 GND
43 2

44 GND
45 1

46 GND
47 0

48 GND
49 5V to the CNC Switching system and Motor Controller
50 GND

21




ANALOG
PINS

Wire Color

Channel
Number

Function

Black

GND for Current Sensor

Yellow

Current Sensor Signal

Black

GND for Temperature Sensor

Grey

el Bl =) @)

Temperature Sensor Signal

OO0 | O O = W DN —
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ANALOG Channel
PINS Wire Color | Number | Function

41

42

43

44

45

46

47

48

49

50

Counter
COUNTER Channel
PINS Wire Color Number Function

1 Blue with White dots 0 A+ on Encoder
2 White with Blue dots 0 A- on Encoder

Green with White dots
3 (note cable shield also connected) 0 GND on Encoder
4 Brown with White dots 0 B+ on Encoder
5 White with Brown dots 0 B- on Encoder
6 White with Green dots 0 POWER on Encoder
7 Orange with White dots 0 I+ on Encoder
8 White with Orange dots 0 I- on Encoder
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

23




5 Software

5.1 Software Description

The main program for our control system was written entirely in the programming lan-
guage "C”. This was chosen so as to ensure compatibility with the Sensoray 826 DAQ board
used for control. The program begins by asking the user to disconnect the grounding cable
of the welder and waiting for an input from the user confirming this task is completed. Upon
receiving that input the machine then runs a calibration procedure by running a PWM pro-
cedure to turn the stepper motor until the system sees the homing switch is triggered. The
program then turns on the welder’s gun to feed wire while measuring the wire speed and
setting the average of those wire speeds as the new homing offset.

The next step of the program asks the user to input the speed the CNC machine will be
running at for the duration of the print in in/sec. It uses this value to find a corresponding
nominal wire speed in an array of nominal wire speeds found via testing, and sets the welding
machine to that wire speed. The program then waits for a signal from the CNC machine
that it has switched from Relocation mode to Deposition mode. Once the system sees that
we have reached Deposition mode, it stops the CNC movement and makes sure the welder
is not triggered, in order to check the temperature of the base plate being welded to. If the
base plate’s temperature is too low the system will pause and wait for a torch to heat the
base plate up to above a given threshold value.

On completion of the torch routine the system enters the main loop, this begins by read-
ing a timestamp from the 826’s onboard timestamp generator, this value in microseconds
will be used to keep track of how long the machine has been in deposition mode later. The
system then starts the welder and runs a check for spikes in the current seen by the Current
Sensor, if it sees none the system will end the program and return an error report, otherwise
the program moves on and starts the CNC’s movement back up so that we can check if the
machine is still in Deposition mode. If the CNC machine is still in Deposition mode at that
time it moves on to take measurements of the number of ”peaks” seen by the current sensor,
the temperature of the weld’s base plate, and the incremental encoder used to measure wire
speed. Amongst the measurements it checks and updates the mode of movement seen by the
CNC in order to avoid issues with our system trying to deposit while in Relocation mode.

At the end of checking all sensor measurements, the system begins comparing the ob-
served value with the pre-programmed threshold values. The first check is to make sure that
the current plate temperature is at an acceptable value. If the temperature has fallen or
risen too far, the whole system stops, and runs the torch routine before starting the system
back at the initial timestamp read. If the temperature is at an acceptable value, the aver-
age droplet spacing is checked against a nominal value found through testing. If the error
between the two values is greater or less than 20%, the system terminates with an error,
asking the user to double check that the entire system is working. The last check is to see
if the droplet spacing is greater or less than a 5% tolerance, and if so the system makes an
appropriate proportional adjustment to the wire speed before continuing on.

24



5.2 G-Code

G-code is the commonly used name to refer to a numerical programming language. As
is the case with all languages, G-code has its own syntax and semantics. A line of code
is referred to as a block, and a program is defined as multiple blocks. All programs start
and end with the percent symbol (%). While writing G-code, the backslash (/) can be
used to comment out an entire line, whereas if you want to make comments about a block,
parentheses are to be used. Anything inside of a set of parentheses will be ignored by the
compiler. As is the case with most other languages, G-code ignores white space, so spacing
is used to clarify the code for the writer as well as future users.

All points of G code are comprised of words and numbers. A word is simply a letter. For
example, the block “X0” is simply the word X and the value 0. The words X, Y, and Z refer
to the three axes, while the G words refer to the movement, motion, and location. When first
started up, any blocks of code will use the point (0,0,0) as home, however G54 establishes a
new temporary “home” point and G52 establishes the point where the temporary reference
point is to be set. In other words, the block of code “G5b4 G52 X100 Y100 Z0” changes the
reference point from (0,0,0) to (100,100,0) and the remainder of the code will run from this
point, unless a new reference point is defined.

Similarly, other G-code words can be used to define how the space between two points
should be interpolated. In some instances you may want two points to be connected via a
straight line, while at other times it would be better to have them connected via a circular
pattern. When dealing with circular interpolation, you can set it to be done in either a
clockwise or counterclockwise manner. Beyond just linear and circular interpolation, there
are dozens of G-code words that determine how the code is to be run (Appendix C).
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5.3

Control Program

STOP CNC AND
WELDER

CALIBRATE WIRE
SPEED
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‘WHILE BASE
TEMP>THRESH

No

READ TIME STAMP
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Figure 19:
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SPACING

IF
DROPLET
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SPACING
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ADJUST WIRE
SPEED
P-CONTROL

Control Program Flowchart
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Figure 20: Droplet Spacing Flowchart
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Figure 21: Getting GO & G1 Flowchart
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Figure 22: Set Wire Speed Flowchart
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RESETT1

Figure 23: Wire Feed and Droplet Spacing Test Flowchart
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5.4 Register Descriptions

The following list shows the definitions for the rows in Table 1:

Row 3 - BIN VAL For PWM Mode

Row 4 - HEX VAL

Row 5 - BIN VAL For Frequency Measurement Mode
Row 6 - HEX VAL

The following list shows the definitions for the rows in Table 2:

Row 1 - Bit

Row 2 - Channel

Row 3 - Pin

Row 4 - G1/G0 Read Mask
Row 5 - G1/G0 Write Mask
Row 6 - G1 INPUT ACTIVE
Row 7 - GO INPUT ACTIVE
Row 8 - Motor CCW

Row 9 - Motor CW

Row 10 - Wire Speed Home Switch
Row 11 - Weld and CNC stop
Row 12 - CNC start
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5.5 GUI Description

The initial plan was to have a GUI for our software and but was later not pursued due to
time constraints. In GUI the user could see real-time graphed data coming from the current
and temperature sensors as well as see the current wire speed. The system would use this
feedback to automatically adjust the weld and keep it in a state that can be considered a
"good weld”. The plan also included manual overrides for the user to adjust the current and
wire speed to their own desired result. Fig. 10 shows an initial GUI layout that we were
aiming for.

5.6 The Graphical User Interface (GUI)

We were planning on using GTK+ in C programming language to generate the Graphical
User Interface in order to view the different data and also control different settings.

The GTK+ is a library for creating graphical user interfaces. The library is created in C
programming language. The GTK+ library is also called the GIMP toolkit. Originally, the
library was created while developing the GIMP image manipulation program. Since then,
the GTK+ became one of the most popular toolkits under Linux and BSD Unix. Today,
most of the GUI software in the open source world is created in Qt or in GTK+. The
GTK+ is an object oriented application programming interface. The object oriented system
is created with the Glib object system, which is a base for the GTK+ library. The GObject
also enables to create language bindings for various other programming languages. Language
bindings exist for C++4, Python, Perl, Java, C#, and other programming languages.

The GTK+ itself depends on the following libraries.

e Glib

e Pango

o ATK

e GDK

e GdkPixbuf

e Cairo

*Note: For detailed functions of each library refer to Appendix A

5.7 Reasons for using GTK+

e Language Bindings
GTK+ is available in many other programming languages thanks to the language
bindings available. This makes GTK+ quite an attractive toolkit for application de-
velopment.
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e Interfaces
GTK+ has a comprehensive collection of core widgets and interfaces for use in your
application.

Windows (normal window or dialog, about and assistant dialogs)
Displays (label, image, progress bar, status bar)

Buttons and toggles (check buttons, radio buttons, toggle buttons and link but-
tons)

Numerical (horizontal or vertical scales and spin buttons) and text data entry
(with or without completion)

Multi-line text editor

Tree, list and icon grid viewer (with customizable renderers and model /view sep-
aration)

Combo box (with or without an entry)

Menus (with images, radio buttons and check items)

Toolbars (with radio buttons, toggle buttons and menu buttons)
GtkBuilder (creates your user interface from XML)

Selectors (color selection, file chooser, font selection)

Layouts (tabulated widget, table widget, expander widget, frames, separators and
more)

Status icon (notification area on Linux, tray icon on Windows)
Printing widgets

Recently used documents (menu, dialog and manager)
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5.8 Examples of GUIs created using GTK+
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Temperature vs Time

live graph
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Current vs Time live graph

Figure 24: Proposed Rough GUI Layout
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6 Testing

Testing was a constant part of this project. Many of the tests were small trouble shooting
sessions where we would work on getting a specific piece of hardware or software to work.
There were also several tests that were done more methodically, due to their importance of
the final outcome. Some of these tests, with their test plans and results, can be seen below.

6.1 CNC Confirmation Test

Test Case # 1: CNC Confirmation Test

Test Writers: Cameron Tribe

Test Case Name: CNC Confirmation Test #1 Test ID #: 3MP-CNC-01
Description: This test is to simply confirm that the | Type:
CNC is operational in all three
dimensions.
Tester Information
| Name of Tester: Date: 05/30/2015
Hardware Ver: Time:
Setup: Only Welder will be used, not CNC. Remove Cover of welder to

ensure wire feed is properly set up. Welding will not be taking place,
so be sure ground wire is not connected.

w | Action Expected Result © [m |z | Comments
P o DN
35 a2 |= |3

1 | Load G-Code into Linux CNC

and run initial homing
procedure

2 | Place paper on base

3 | Fix felt marker onto CNC
machine at an appropriate
height so that it will draw on
the paper.

4 | Run CNC Machine This test verified that the
CNC machine was working
properly. Fig 14 shows the
reproduced image that
was created by the CNC
Machine.

Overall Test Result:
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6.2

Wire Feed Test

Test Case # 4: Wire Speed Test

Test Writers: Branden Driver

Test Case Name: Wire Speed Encoder Test #1 Test ID #: 3MP-Wire-01
Description: Measures the actual wire speed in Type:
correlation with the wire speed
encoder. This test will allow for the
construction of the lookup table to be
used with the main program.
Tester Information
| Name of Tester: Date:
Hardware Ver: Display V1.0, Main Board V1.5, Sensor | Time:
V1.0
Setup: Only Welder will be used, not CNC. Remove Cover of welder to
ensure wire feed is properly set up. Welding will not be taking place,
so be sure ground wire is not connected.
%) Action Expected Result >l Comments
3 2 |= [
1 | Open wire feed program Program should open
2 | Set program to run for one program should only run
second for one second
3 | Cut wire extruded from Very little wire should be
nozzle as short as possible showing
4 | Set wire feed speed nozzle Wire feed should be at
to home setting lowest setting
5 | Turn on welder Welder should turn on
6 | Run test program Welder should feed wire
for exactly one second
7 | Turn off welder Welder should turn off
8 | Cut wire extruded from Very little wire should be
nozzle as short as possible showing
9 | Measure length of cut wire Value determined for
and record value specified wire feed setting
10 | Repeat steps 1-9 for various | Determine if wire feed is

values of wire speed

linear. If so, interpolate
for all wire feed speeds

Overall Test Result:
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Wire Speed (in/s)

Time (sec)

Expected Length (in)

Measured Length (in)

0.88 3 2.64 2.56
0.90 3 2.70 2.46
2.00 3 6.00 6.06
3.20 3 9.60 10.10
5.50 3 16.50 16.80
7.60 3 22.80 23.20
9.50 3 28.50 28.06
Table 3: Linear Velocity Program Test
Wire Speed Test Results
1|:| T T T T T
Expected

g Measured 7

B .

I',-" .

. E 7]

£ s ]

Ba 4 i

3 .

2 .

1 .

|:| 1 1 1 1 1
5 10 15 20 25 30

Figure 25: Wire Speed Test Results

Wire Speed (inds)
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6.3 Weld Quality Test

Test Case # 5: Weld Quality Test

Test Writers: Branden Driver
Test Case Name: Weld Quality Test #1 Test ID #: 3MP-Weld-01
Description: This test will check the quality of the Type:
weld across a variety of currents, wire
speeds, and CNC movement speeds
Tester Information
Name of Tester: Date:
Hardware Ver: Display V1.0, Main Board V1.5, Sensor | Time:
V1.0
Setup: Ensure both welder and CNC are ready to use. Have at least one 1/8”
baseplate on hand for each version of test you wish to run. In
LinuxCNC, open file “m100”. This file is a G-code program that will
print seven 1-inch lines, each at a different CNC movement speed.
% Action Expected Result Dlol= Comments
° A |2
1 | Set current level Current level selected
2 | Set wire speed around 2 Wire speed selected
3 | Run program m100 Printing will begin
4 | During weld, run droplet Program will output wire
spacing program speed from encoder and
average droplet spacing
5 | Quickly record both wire Data acquired
speed and average droplet
spacing
6 | Repeat steps 4-5 for each of | First runis complete
the seven welds of the
program
7 | Adjust wire speed to 4 Welder ready for next run
8 | Run program m200 Print will continue on
same plate, next to
previous run
9 | Repeat steps 4-6 Data acquired for all 7
welds, 2" run is complete
10 | Adjust wire speed to 6 Welder ready for next run
11 | Run program m300 Print will continue on
same plate, next to
previous run
12 | Repeat steps 4-6 Data acquired for all 7
welds, 3" run is complete
13 | Adjust wire speed to 8 Welder ready for next run
13 | Run program m400 Print will continue on
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same plate, next to
previous run

14 | Repeat steps 4-6

Data acquired for all 7
welds, 4™ run complete

Adjust wire speed to 8

Welder ready for next run

Run program m400

Print will continue on
same plate, next to
previous run

Run program m400

Data acquired for all 7
welds, 5™ run complete

Overall Test Result:

Wire Speed (in/s) | CNC Speed (in/min) | Avg Droplet Spacing (us)
4.21 2 19047
4.04 3 20619
3.88 4 22857
3.98 5 21978
4.14 6 20833
3.88 7 20943
3.95 8 18872
6.02 2 13119
5.81 3 15037
6.19 4 14084
6.06 5 12539
5.71 6 15504
5.6 7 10257
6.54 8 17621
7.5 2 12820
7.2 3 14035
7.61 4 14760
7.67 ) 15267
7.61 6 17167
7.45 7 11594
6.95 8 10790
8.99 2 11364
8.82 3 13114
9.58 4 11940
10 d 11765
8.5 6 10106
9.47 7 12751
9.84 8 n/a
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Wire Speed (in/s) | CNC Speed (in/min) | Avg Droplet Spacing (us)

11 2 10582
10.86 3 9557
10.65 4 10811
10.03 D 12270
11.05 6 11007
11.49 7 12012
11.85 8 11695

Table 4: Plate 1

Wire Speed (in/s) | CNC Speed (in/min) | Avg Droplet Spacing (us)
3.48 2 20014
3.47 3 23121
3.3 4 23530
3.3 5 27398
2.96 6 26845
3.39 7 29646
3.42 8 30534
4.07 2 24342
4.19 3 19802
3.95 4 17467
3.86 ) 18868
4.14 6 14545
4.09 7 13333
3.99 8 19900
6.55 2 11267
6.8 3 11173
7.23 4 12012
6.49 ) 9788
6.38 6 9389
6.3 7 9216
6.68 8 9009
9.8 2 9442
9.57 3 8928
10.28 4 9456
10.89 ) 9280
9.89 6 9204
9.83 7 8050
10.01 8 9456
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Wire Speed (in/s) | CNC Speed (in/min) | Avg Droplet Spacing (us)
11.49 2 8677
11.46 3 8340
11.43 4 8752
11.75 ) 8798
11.6 6 9302
11.53 7 9029
11.69 8 9132

Table 5: Plate 2
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Wire Speed (in/s)

CNC Speed (in/min)

Avg Droplet Spacing (us)

5.34 2 12658
4.9 3 14053
4.97 4 12317
5.18 ) 16461
4.53 6 11019
4.83 7 79756
n/a 8 n/a
7.12 2 9876
6.93 3 9959
7.22 4 10315
6.82 5) 9527
6.74 6 9195
6.8 7 9227
6.87 8 9852
9.3 2 8948
9.19 3 9091
9.42 4 9599
9.26 5) 9466
9.31 6 9204
n/a 7 n/a
9.16 8 8180
12.58 2 8421
12.41 3 8445
12.77 4 8465
12.74 5) 8792
12.56 6 8620
12.66 7 8602
12.82 8 8714
14.67 2 8477
15.19 3 8585
14.87 4 8756
14.69 ) 8547
14.89 6 8677
14.32 7 8639
14.65 8 8403

Table 6: Plate 3
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Wire Speed (in/s) | CNC Speed (in/min) | Avg Droplet Spacing (us)
3.83 4 9013
3.85 4.5 9828
3.89 ) 9780

4 5.5 11662
3.96 6 9552
3.97 6.5 10447
3.8 7 10371
4.66 4 9860
5.07 4.5 9780
4.61 ) 9569
4.64 5.5 9238
4.55 6 9501
4.59 6.5 9099
4.75 7 9287
4.77 4 9909
4.63 4.5 10032
4.6 ) 9029
5.19 5.5 9784
4.56 6 n/a
4.67 6.5 9756
4.65 7 9434
5.35 4 9645
5.37 4.5 10025
5.34 ) 9758
5.3 5.5 10554
5.61 6 9546
5.17 6.5 9961
5.36 7 9307
6.1 4 8877
5.98 4.5 9412
6.09 ) 9615
6.03 5.5 9350
6.76 6 9863
6.35 6.5 10474
6.15 7 9198

Table 7: Plate 4
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Wire Speed (in/s)

CNC Speed (in/min)

Avg Droplet Spacing (us)

4.09 4.8 9195
4.47 ) 9737
4.28 5.2 10126
3.39 5.4 9623
4.25 5.6 9740
4.09 2.8 9876
3.98 6 9262
4.61 4.8 9953
4.38 ) 9761
4.56 5.2 9389
4.77 5.4 10582
4.56 0.6 9661
4.53 0.8 9625
4.2 6 9183
4.71 4.8 9266
4.61 ) 9569
4.94 5.2 9479
4.62 5.4 9376
4.92 5.6 9184
4.89 0.8 9324
4.86 6 9546
5.21 4.8 8994
4.97 ) 9111
5.31 5.2 9595
5.21 0.4 9324
5.02 0.6 9117
0.1 0.8 9153
5.26 6 9456
5.37 4.8 9111
5.56 ) 9376
5.51 5.2 9456

0.4

2.6

5.8

6

Table &: Plate 5
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Wire Speed (in/s) | CNC Speed (in/min) | Avg Droplet Spacing (us)
2.57 2 12903
2.55 3 12195
2.59 4 13559
2.48 ) 15873
2.79 6 15269
2.62 7 16953
2.63 8 14760
3.38 2 10392
3.27 3 10309
3.72 4 11396
3.7 5) 12232
3.39 6 11950
3.45 7 11954
3.52 8 14100
4.12 2 9464

4 3 9662
3.98 4 10000
4.26 5) 10256
4.54 6 10816
4.41 7 10816
3.91 8 11665
4.47 2 9117
4.48 3 8960
4.47 4 9284
4.84 5) 9756
4.39 6 9112
4.98 7 11628
4.37 8 11338
n/a 2 n/a
4.64 3 8658
4.67 4 8928
4.71 ) 8565
5.07 6 11111
4.99 7 10638

d 8 10340

Table 9: Plate 6
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6.4 Degrees to Wire Speed Test

Determining the amount to turn the wire speed knob to increase the overall wire speed by
exactly one inch was another test that was completed. This was done by figuring out the
amount of time to leave the motor on to turn it 30° and measuring the difference in wire
speeds. Multiple iterations of this test gave us a good average value, which came out to be
about 40° per inch per second. This value was then used to determine how long to turn the
stepper motor on, so as to reach a final desired wire speed setting.

Initial | Final
Wire | Wire Pulse
Speed | Speed | Turn Amount Ratio Time/deg | On Time
Run # | (in/s) | (in/s) (deg) (deg/(in/s)) (us) (us)
Run 1 0.3 1.1 30 37.5 22222 666660
Run 2 1.1 1.8 30 42.85714286 22222 666660
Run 3 1.8 2.5 30 42.85714286 22222 666660
Run 4 2.5 3.3 30 37.5 22222 666660
Run 5 1.9 3 45 40.90909091 22222 999990
Run 6 3 4.2 45 37.5 22222 999990
Run 7 1.2 2.3 45 40.90909091 22222 999990
Run 8 2.3 3.4 45 40.90909091 22222 999990
Run 9 0.9 2.4 60 40 22222 1333320
Run 10 2.4 3.9 60 40 22222 1333320
Run 11 3.9 5.5 60 37.5 22222 1333320
Run 12 3.4 5 60 37.5 22222 1333320
Run 13 1 7 235 39.16666667 22222 5222170
Average 39.66179654

Table 10: Test Results to Determine Degrees to Turn for 1-inch Increase in Wire Speed
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7 Problems Faced

There were several problems faced throughout this project. From the very beginning to
the end, there were problems with the CNC machine. At the beginning of the project, the
CNC was only semi-functional. The industry sponsor built the CNC in 2006 as part of his
Masters Degree. It had not been used much sense then, so there were a lot of kinks and
various wiring issues that needed to be resolved. At the beginning of the project, a fair
amount of time was used to just get the CNC working correctly.

Due to using time to get the CNC working properly, as well as other issues faced, time
management was another problem faced in this project. Because not enough time was put
in during the first half of the project, the second half required a lot more work. Meetings
increased from one a week to several times a week, often with the group meeting until after
midnight to work on different aspects of the project.

Another issue that caused a problem was the temperature sensor. Early on in the project,
the sponsor purchased an IR temperature sensor. At the time, it seemed like the purchased
sensor would be able to accomplish the necessary tasks. However, after looking into the
documentation a little more closely, it was discovered that the distance of measurement was
about 30 inches. In other words, the sensor needed to be placed 30 inches from what needed
to be measured. This was an issue in that the printer enclosure didn’t allow for distance.
A new temperature sensor was ordered, this time one that only needed 18 inches. This was
still a bit too long, but was much more acceptable.

At the end of the project when the temperature sensor was finally being implemented, it
was discovered the the temperature ranges of the sensor were unacceptable. Measurements
were needed to ensure the area of deposition was within a set threshold: not too hot nor too
cold. The lowest readable range of the sensor was 800 °C, whereas the required reading was
only about 250 °C. Once again, the sensor would not adequately accomplish it’s task. Due
to the limited time left, the temperature sensor was abandoned at this point.

The last major issue faced was the wire speed in accordance with the current setting.
In testing the wire feed settings, it was discovered that for certain settings the wire speed
was being hindered by the low current. With a lower current and a higher wire speed, the
wire would hit the baseplate, but due to the low current setting, the wire wouldn’t melt
fast enough. This caused the wire to get jammed up and feed at a rate slower than what
was specified. For example, testing showed that for a current setting of ‘B’, any wire feed
speed above about three inches per minute would be slowed down by the low current setting.
Granted, the movement speed of the CNC machine would also play a role, but for a large
portion of the testing, the CNC speed was constant.

8 Future Work

This project was in principle of proof-of-concept. That being said, there’s a lot of future
work to be done to improve on the final output of the project. The first, and perhaps most
important of these would be the temperature control. Because of the issues faced with the
temperature sensors, temperature control ended up not being a part of this project.

For the intial layer of deposition, it’s important to heat up the baseplate. If the baseplate
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is too cold, the output will be a cold weld, which is not an ideal circumstance. If following
layers are deposited onto a surface that is too hot, the deposition will re-melt the previous
layer and any manner of precision will be lost. To control both of these problems, a heating
and measurement system should be put in place.

The first step would be to install a sensor that will get appropriate readings. Once this
is in place, the control program can be slightly altered to start and stop the CNC if the weld
is too hot or too cold. After the sensor is working properly, the following step would be to
develop a torch routine. The sponsor would like to use an acetylene torch to heat up the
system when it is too cold. A control program would need to be developed for this, as well
as the physical mechanism to control the heating process. Once the sensor and torch are in
place, the system would then be able to run by itself and make deposits on layers of the ideal
temperature. In addition, too speed up the overall process, a cooling system could also be
installed. Currently, there is a manual waiting period of about two minutes in between layers
of deposition. This time could be dramatically decreased if a system was in place to force
the temperature to drop, rather than just waiting for the previous layer to cool naturally. It
should be noted the the results of forcing the temperature to drop are unknown. Doing so
may cause unexpected results to the deposition.

The next major step would be to incorporate a GUI with live feedback of the properties
of the weld. This was a request of the sponsor at the beginning of the project, but due to
time constraints was abandoned. Included in this GUI, the sponsor would like to be able
to adjust the control components of the project, such as wire feed speed or the temperature
settings.

Another improvement to this project would be to allow the control program to control the
CNC speed. The speed of the CNC is controlled by an analog signal that can be adjusted to
any value between the set min and max. Currently, this controller is hooked up to a digital
signal and was used only to start and stop the CNC. Further advances could be made to put
this on one of the analog pins and allow the control program to entirely control the CNC
movement speed. There are some considerations that must be met for this to work properly,
such as the fact that the max CNC speed would be set only in LinuxCNC.

Other additions that could be made to increase the overall precision of deposition would
be automated control of the current setting on the welder and better wire speed control.
In testing, it appeared that a higher current setting worked better for the initial layer of
deposition, while a lower setting worked better for following layers. As of the end of this
project, this control was done manually. However, this could easily be accomplished using
a stepper motor. Regarding the wire feed speed, it would be beneficial to find a way to
overcome the limitations of the wire speed set by the current setting.

9 Photos and Videos of Progress

Demo of the Printer
https://www.youtube.com/watch?v=Ypetogtnllw

One of the fist things done in this project was to confirm the operation of the CNC machine.
To do this, G-Code of a 2D image was uploaded to the machine. A felt marker was used to
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draw the image below.

Figure 26: CNC Test Results

Next, we fitted the welder to the machine, and placed a metal base plate to weld on. To
control the welder we just used our hand to active the weld while the machine was moving.
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Figure 27: Initial Test Results - No Control

After this, we connected the relay switch circuit in parallel with the manual welder switch,
using G-Code to activate the switch. Shown Below is the result of letting the CNC Machine
control the weld.

Figure 28: Initial Test Results - No Control
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Figure 31: Baseplate Weld Setup

Figure 32: Printer in Deposition Mode
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10 Bill of Materials (BOM)

Part
Item Quantity Number Mfg Price Description
CNC Machine 1 NPN Aram ~$500
Kasparov
IG34CK-32- Servo Stepper Motor
- X-Stepper Motor 1 [E8192-SB213 Dynamics $400 for the X axis
Servo Stepper Motor
- Y-Stepper Motor 1 HJ130E8-1308 Dynamics $800 for the Y axis
[G34CK-32- Servo Stepper Motor
- Z-Stepper Motor 1 [E8192-SB213 Dynamics $450 for the 7 axis
) Servo Motor driver for
- Motor Driver 3 SD94 Dynamics 8550 XY7Z axis motors.
Any limit and
Limit and Home Switches 11 Z15G1308 HIGHLY $10 home switch used
on the machine
Mesa Part of the
PCLI/O Card 1 o120 Electronics $250 CNC system
Mosa, Interface Card for
Servo Interface Card 1 7133 ) $100 | communicating with
Electronics
servo motors
Mesa I/O card used
Isolated I/O Card 2 Ti37 ) $100 for limit and
Electronics .
home switches
To connect to analog
50 Pin Breakout Board 3 NPN ~$10 | & digital channels of
the Sensoray
Screw Terminals NPN Capstone 2015
Team
50 Pin Connector NPN Capstone 2015

Team
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Part
Item Quantity | Number Mfg Price Description
To connect to the
26 Pin Breakout Board 2 NPN ~$10 counter channels
of the Sensoray
Screw Terminals NPN Capstone 2015
Team
26 Pin Connector NPN Capstone 2015
Team
Used for measuring
Incremental Encoder 1 55-5000-250- U S $140 the wire speed
IE-D-B Digital
of the welder
PCI I/O Card with
PCle DAQ 1 826 Sensoray $677 Digital and Analog I/0
Micro-
Temperature Sensor 1 1MH1-CF4 ) $1400 Temp range x-x
Epsilon
Current Sensor 1 c20058 Honeywell $30 | Outputs a single Voltage
Chicaco Wire Feed Welder
MIG Welder 1 MIG 180 & $270 that uses
Electric . . 1a
inert shielding gas
Keling To control the
Motor Controller 2 KL-5056D Technology $80 motors on the
Inc welder control knobs
KL23H2100- Keling To control the knobs
Stepper Motors 1 25413 Technology $50 on the welder
Inc
Mesa To externally set
PWM Module 1 THC-AD Electronics 580 CNC speed
Controller PC 1 NPN N/A $80 Computer used
to control welder
Relay Module 1 npy | Capstone 2015 1 g
Team
Current Sensor Module 1 NPN Capstone 2015 ~$5
Team
Total | ~$6,012
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Appendix A: Sensoray 826i Manual

Sensoray 826 User Manual Download

Appendix B: Linux CNC
LinuxCNC User Manual Download

Appendix C: Visual Studio 2013 on the 826i
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How to Create a New Project in Visual Studio 2013 on the 826 board

Creating a Program in C
Our group is doing all of our coding is C, and since VS doesn’t have C as one of its default languages,
special care should be taken when setting up a new project to be sure that it will compile in C.
1. OpenVsS
Select File -> New -> Project
When the New Project dialog box appears, select Visual C++ in the left pane.
In the Project window, select Win32 Console Application.
Name to Project.
When the Win32 Application Wizard box appears, click Next on the Welcome Page.
On the Application Settings, make sure the following are selected:

No vk wnN

a. Application Type: Console Application
b. Additional Options: Empty Project
8. Click Finish
You now have a C project. Now we need to make the C files:
1. |If Solution Explorer is not visible, go to View -> Solution Explorer.
2. Right click the Source Files folder in the Solution Explorer and select Add -> New Item
3. The New Item dialog box should appear.
4. Select C++ File(.cpp) and give it a name, but be sure to add the .c extension (for example, your
file name might be 826controller.c)
5. Your source file is now in C, and you can start programming.

Compiling the Program
The only thing that needs to be done differently that compiling a normal program in VS is you need to
add the DLL .lib file so VS can call on all the board’s functions.

Click on Debug from the menubar and select “Project Name” Properties
When the dialog box opens, expand Linker on the left pane
3. Click on General
a. On the right hand side find Additional File Directories and click the down arrow on the
far right to edit.
b. Type (or paste) in the address to the file where the .lib and .dll files are located.
4. Click on Input on the left pane
a. Select Additional Dependencies and click the down arrow to edit
b. Type (or paste) in the address of the .lib file
5. Close the Properties dialog box.
6. Your program is now ready to compile and talk to the 826 board
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Hybrid Stepper Motor
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KL-5056D

Fully Digital Stepping Driver

Attention: Please read this manual carefully before using the driver!
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1. Introduction, Features and Applications
Introduction

The KL-5056D is a versatility fully digital stepmrdriver based on a DSP with advanced control
algorithm. The KL-5056D is the next generation dfitdl stepping motor controls. It brings a

unique level of system smoothness, providing optimtorque and nulls mid-range instability.

Motor self-test and parameter auto-setup technoloffgrs optimum responses with different

motors and easy-to-use. The driven motors can rith much smaller noise, lower heating,

smoother movement than most of the drivers in trerkets. Its unique features make the
KL-5056D an ideal solution for applications thatuig low-speed smoothness.

Features

® Anti-Resonance, provides optimum torque @ Supply voltage up to +50 VDC
and nulls mid-range instability ® Output current programmable, from 0.5A to
® Motor self-test and parameter auto-setup 5.6A
technology, offers optimum responses with  ® Pulse input frequency up to 200 KHz
® TTL compatible and optically isolated input
® Multi-Stepping allows a low resolution step ~ ® Automatic idle-current reduction
input to produce a higher microstep output @ Suitable for 2-phase and 4-phase motors
for smooth system performance ® Support PUL/DIR and CW/CCW modes
® Microstep resolutions programmable, from @ Over-voltage, over-current, phase-error
full-step to 102,400 steps/rev protections

different motors

Applications

Suitable for a wide range of stepping motors, froEBM# frame size 17 to 34. It can be used in
various kinds of machines, such as laser cuttaserimarkers, high precision X-Y tables, labeling
machines, and so on. Its unique features make thBAS6D an ideal solution for applications that
require both low-speed smoothness and high speéatipances.
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2. Specifications Operating Environment and other Specifications

Electrical Specifications (T = 25C/77°F) Cooling Natural Cooling or Forced cooling
Environment Avoid dust, oil fog and corrosive gases
Parameters : : KL-5056D . Ambient Temperature 0C — S50C (32F — 122F)
Min Typical Max unit Operating Environment Humidity 40%RH — 90%RH

Output current 0.5 = 5.6 (4.0 RMS) A Operating Temperature 70°C (158F) Max

Supply voltage +20 +36 +50 vDC Vibration 5.9m/$ Max
LORTE Sl QUi 4 o e R Storage Temperature -20C — 65C (-4F — 149TF)
Pulse input frequency 0 - 200 kHz Weight Approx. 280g (10 07)

Isolation resistance 500 MQ
3. Pin Assignment and Description

Mechanical Specifications ¢nit: mm [inch] )
The KL-5056D has two connectors, connector P1 fotrobsignals connections, and connector P2

for power and motor connections. The following tatdes brief descriptions of the two connectors.

118 [ 4.646]
More detailed descriptions of the pins and relégsdes are presented in section 4, 5, 9.

112 [4.409)

—

[-

Connector P1 Configurations

[ = |
34[1.339]

Pin Function Details
Pulse signalln single pulse (pulse/direction) mode, this inppresents pulse
PUL+ signal, each rising or falling edge active (softevaonfigurable); 4-5V when
PUL-HIGH, 0-0.5V when PUL-LOW. In double pulse modeilge/pulse) ,
this input represents clockwise (CW) pulsactive both at high level and low
level (software configurable). For reliable respongelse width should be
PUL- longer than 2.ps. Series connect resistors for current-limiting whé&2V or
+24V used. The same as DIR and ENA signals.
DIR signal: In single-pulse mode, this signal has low/high agét levels,
Figure 1: Mechanical specifications DIR+ representing two directions of motor rotation; sublle-pulse mode (software
configurable), this signal is counter-clock (CCW)ig® active both at high
Elimination of Heat level and low level (software configurable). Foriable motion response, DIR
signal should be ahead of PUL signal s &t least. 4-5V when DIR-HIGH,
®  Driver’s reliable working temperature should be €A@58T'), and motor working temperature DIR- 0-0.5V when DIR-LOW. Please note that rotation dicects also related to
should be <8 (176F); motor-driver wiring match. Exchanging the connectidriwo wires for a coil
® |tis recommended to use automatic idle-currentenodmely current automatically reduce to tothe dr|yer will FEverse motion direction. AT o
60% when motor stops, S0 as to reduce driver heatidgnotor heating: ENA+ Enable S|gnaITI'_h|s signal is used_for engblmg/dlsab_lmg thevelri High level
. ’ R . e o . (NPN control signal, PNP and Differential contrajrsls are on the contrary,
® Itis recommended to mount the driver verticallyrtaximize heat sink area. Use forced cooling ENA namely Low level for enabling.) for enabling the vei and low level for
method to cool the system if necessary. disabling the driver. Usually let@NCONNECTED (ENABLED).

9.25[0.364]
45[0.177]

A

3

cé)
/\é
253 [0.99‘3]'/{20

Jo

o[ 8]
75.5[2972]

47.8[1882)

112 [4.409]
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Selecting Active Pulse Edge and Control Signal Mode

The KL-5056D supports PUL/DIR and CW/CCW modes andealctives at rising or falling edge.
See more information about these settings in Sedtdo Default setting is PUL/DIR mode and rising

edge active (NPN, and PNP control signal is on timéraoy).

Connector P2 Configurations

Pin Function Details
+Vdc Power supply, 20~50 VDC, Including voltage fluctuatéord EMF voltage.
GND Power Ground.
A+, A- Motor Phase A
B+, B- Motor Phase B

4. Control Signal Connector (P1) Interface

The KL-5056D can accept differential and single-ehdguts (including open-collector and PNP
output). The KL-5056D has 3 optically isolated logiputs which are located on connector P1 to
accept line driver control signals. These inputsigolated to minimize or eliminate electrical msis
coupled onto the drive control signals. Recommesel line driver control signals to increase noise
immunity of the driver in interference environments the following figures, connections to

open-collector and PNP signals are illustrated.

! Controller ! -

| i Driver
;o i e 2100

. TR
! 4 D1k 270Q

1 i

i d P e s
I 5 i s | oo

O Pl e = 4
1

1

Figure 2: Connections to open-collector signal (gwn-anode)
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Driver
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S

Figure 3: Connection to PNP signal (common-cathode)

5. Connecting the Motor
The KL-5056D can drive any 2-pahse and 4-pahse thgbepping motors.

Connections to 4-lead Motors

4 lead motors are the least flexible but easiestite. Speed and torque will depend on winding
inductance. In setting the driver output currenyltiply the specified phase current by 1.4 to

determine the peak output current.
P2

Figure 4: 4-lead Motor Connections
Connections to 6-lead Motors

Like 8 lead stepping motors, 6 lead motors havedarfigurations available for high speed or high
torque operation. The higher speed configuratiomatf coil, is so described because it uses oife ha
of the motor’s inductor windings. The higher torquemfiguration, or full coil, uses the full windings
of the phases.

Half Coil Configurations

As previously stated, the half coil configuratioresi50% of the motor phase windings. This gives
lower inductance, hence, lower torque output. Litegarallel connection of 8 lead motor, the torque
output will be more stable at higher speeds. Thifigaration is also referred to as half chopper. In
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setting the driver output current multiply the sfied per phase (or unipolar) current rating by th4

determine the peak output current.
P2
A+
A
NC
B+
B- NC

Figure 5: 6-lead motor half coil (higher speed)reettions

Full Coil Configurations

The full coil configuration on a six lead motor st be used in applications where higher torque at
lower speeds is desired. This configuration is a&ferred to as full copper. In full coil mode, the
motors should be run at only 70% of their ratedentrto prevent over heating.

Figure 6: 6-lead motor full coil (higher torque)nc@ctions

Connections to 8-lead Motors

8 lead motors offer a high degree of flexibilityttee system designer in that they may be connected
in series or parallel, thus satisfying a wide raofjapplications.

Series Connections

A series motor configuration would typically be dse applications where a higher torque at lower
speeds is required. Because this configurationtttemost inductance, the performance will start to
degrade at higher speeds. In series mode, the sr&ttould also be run at only 70% of their rated

current to prevent over heating.
P2

Figure 7: 8-lead motor series connections
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Parallel Connections

An 8 lead motor in a parallel configuration offermare stable, but lower torque at lower speeds. But
because of the lower inductance, there will be higheue at higher speeds. Multiply the per phase
(or unipolar) current rating by 1.96, or the bipatarrent rating by 1.4, to determine the peak aiutp
current.

P2

Figure 8: 8-lead motor parallel connections

NEVER disconnect or connect the motor while the powercsois energized.

6. Power Supply Selection

The KL-5056D can match medium and small size steppiators (from NEMA frame size 14 to 34)
made by Keling or other motor manufactures aroune world. To achieve good driving
performances, it is important to select supplyagdt and output current properly. Generally speaking,
supply voltage determines the high speed performahthe motor, while output current determines
the output torque of the driven motor (particulaatylower speed). Higher supply voltage will allow
higher motor speed to be achieved, at the pricenafe noise and heating. If the motion speed
requirement is low, it's better to use lower suppbitage to decrease noise, heating and improve
reliability.

Regulated or Unregulated Power Supply

Both regulated and unregulated power supplies canufed to supply the driver. However,
unregulated power supplies are preferred due to #dlity to withstand current surge. If regulated
power supplies (such as most switching supplie®)imdeed used, it is important to have large
current output rating to avoid problems like cutretamp, for example using 4A supply for 3A
motor-driver operation. On the other hand, if untatad supply is used, one may use a power supply
of lower current rating than that of motor (typigal0%~70% of motor current). The reason is that
the driver draws current from the power supply ciépaof the unregulated supply only during the
ON duration of the PWM cycle, but not during the ORFation. Therefore, the average current
withdrawn from power supply is considerably less thaotor current. For example, two 3A motors
can be well supplied by one power supply of 4Angti
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Multiple Drivers

It is recommended to have multiple drivers to share power supply to reduce cost, if the supply
has enough capacity. To avoid cross interferen€e NOT daisy-chain the power supply input pins
of the drivers. Instead, please connect them to pewegply separately.

Selecting Supply Voltage

The power MOSFETS inside the KL-5056D can actuallyragewithin +20 ~ +50VDC, including
power input fluctuation and back EMF voltage geredtaby motor coils during motor shaft
deceleration. Higher supply voltage can increaseomtarque at higher speeds, thus helpful for
avoiding losing steps. However, higher voltage neyse bigger motor vibration at lower speed, and
it may also cause over-voltage protection or evéreddamage. Therefore, it is suggested to choose
only sufficiently high supply voltage for intendegbplications, and it is suggested to use power
supplies with theoretical output voltage of +20 6¥BC, leaving room for power fluctuation and
back-EMF.

7. Selecting Microstep Resolution and Driver OutpuCurrent

Microstep resolutions and output current are pnognable, the former can be set from full-step to
102,400 steps/rev and the latter can be set frém @. 5.6A. See more information abddicrostep
and Output Current Setting in Section 13.

However, when it’s not in software configured modes ttiiver uses an 8-bit DIP switch to set
microstep resolution, and motor operating currastshown below:

Dynamic Current Microstep Resolution
All OFF is software configured All ON is software configured

231215161 7]5

Standstill Current (ON haft/OFF full)
Muotor auto-identification and
parameter auto-configuration (2 change in | second)

Microstep Resolution Selection

When it's not in software configured mode, micrpstesolution is set by SW5, 6, 7, 8 of the DIP
switchas shown in the following table:

Contents
Microstep Steps/rev.(for 1.8°motor) SwW5 SwWé Sw7 Sw8
1to 512 Default/Software configured ON ON ON ON
2 400 OFF ON ON ON
4 800 ON OFF ON ON
8 1600 OFF OFF ON ON
16 3200 ON ON OFF ON
32 6400 OFF ON OFF ON
64 12800 ON OFF OFF ON
128 25600 OFF OFF OFF ON
5 1000 ON ON ON OFF
10 2000 OFF ON ON OFF
20 4000 ON OFF ON OFF
25 5000 OFF OFF ON OFF
40 8000 ON ON OFF OFF
50 10000 OFF ON OFF OFF
100 20000 ON OFF OFF OFF
125 25000 OFF OFF OFF OFF

Current Settings

For a given motor, higher driver current will make tmotor to output more torque, but at the same
time causes more heating in the motor and driveerdfore, output current is generally set to béasuc
that the motor will not overheat for long time ogiion. Since parallel and serial connections of
motor coils will significantly change resulting inttance and resistance, it is therefore important to
set driver output current depending on motor phlageent, motor leads and connection methods.
Phase current rating supplied by motor manufacterinportant in selecting driver current, however

the selection also depends on leads and connections

When it's not in software configured mode, the fitsee bits (SW1, 2, 3) of the DIP switch are used

to set the dynamic current. Select a setting ctdsggur motor’s required current.
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Dynamic current setting connector P2 with power on will cause extremely Higick-EMF voltage surge, which may
Peak Current RMS Current swi1 sw2 sw3 damage the driver.
Default/Software configured (0.5 to 5.6A) OFF OFF OFF 9. Typical Connection
21 LA O Ol OIHF A complete stepping system should include steppingor, stepping driver, power supply and
2.7A 1.9A OFF ON OFF controller (pulse generator). A typical connectimshown as figure 9.
3.2A 2.3A ON ON OFF Sonfrcilor DM556 Driver
3.8A 2.7A OFF OFF ON PuLs | 2700
R PUL- | *’%
43A 3.1A ON OFF ON P e | o

4.9A 3.5A OFF ON ON " o | *’@
L ‘_5’_ ENA+ 2700

5.6A 4.0A ON ON ON R : K2

Notes: Due to motor inductance, the actual current in tbié may be smaller than the dynamic

current setting, particularly under high speed ool A

Stepping Motor :;
Standstill current setting 5

R=0 if VCC=5V;

SW4 is used for this purpose. OFF meaning thattémedstill current is set to be half of the selected ReTKPowersd.129W) I VGO-DAV, ‘
dynamic current, and ON meaning that standstillentris set to be the same as the selected dynamic Fmustie connected o conolsonatterminal
current. Figure 9: Typical connection
The current automatically reduced to 60% of thectet dynamic current one second after the last 10. Sequence Chart of Control Signals
pulse. Theoretically, this will reduce motor heattog36% (due to PZR) of the original value. If
the application needs a different standstill cuzrptease contact Keling. In order to avoid some fault operations and demietj PUL, DIR and ENA should abide by some

rules, shown as following diagram:
8. Wiring Notes

— g e — — High Level>3. 5V
® In order to improve anti-interference performandeti® driver, it is recommended to use i ‘ ‘ ‘ P e
twisted pair shield cable. |
] THigh Level>3. 5 [
® To prevent noise incurred in PUL/DIR signal, puls&diion signal wires and motor wires ik e Lo Leverco. 50
SR/
should not be tied up together. It is better toasate them by at least 10 cm, otherwise the
disturbing signals generated by motor will easilstalib pulse direction signals, causing motor L

position error, system instability and other fagisir

Low Level<0. 5V

® If a power supply serves several drivers, separatefynecting the drivers is recommended J : J

. . P ENA ENA

instead of daisy-chaining. FUL/DIR RIS
® |t is prohibited to pull and plug connector P2 whihe driver is powered ON, because there is Figure 10: Sequence chart of control signals

high current flowing through motor coils (even whantor is at standstill). Pulling or plugging

10 11
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Remark:
a) tl1: ENA must be ahead of DIR by at leagis5Usually, ENA+ and ENA- are NC (not
connected). See “Connector P1 Configurations” forerinformation.
b) t2: DIR must be ahead of PUL active edge by  ensure correct direction;
c) t3: Pulse width not less than 5
d) t4: Low level width not less than 18.

11. Protection Functions

To improve reliability, the driver incorporates setouilt-in protection functions. The KL-5056D
uses one RED LED to indicate what protection hanteetivated. The periodic time of RED is 3
s (seconds), and how many times the RED turns opdte what protection has been activated.
Because only one protection can be displayed by RED, so the driver will decide what error to
display according to their priorities. See thedwling Protection Indications table for displaying
priorities.

Over-current Protection

Over-current protection will be activated when contius current exceeds 16A or in case of short
circuit between motor coils or between motor coil @ndund, and RED LED will turn on once
within each periodic time (3 s).

Over-voltage Protection

When power supply voltage exceedst5R VDC, protection will be activated and RED LED will
turn on twice within each periodic time (3 s).

Phase Error Protection

Motor power lines wrong & not connected will activaltiés protection. RED LED will turn on four
times within each periodic time (3 s).

Attention: When above protections are active, the motor shilfbe free or the LED will turn red.
Reset the driver by repowering it to make it functioperly after removing above problems. Since
there is no protection against power leads, { ) reversal, it is critical to make sure that power
supply leads correctly connected to driver. Otheswtise driver will be damaged instantly.

12
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Protection Indications

Priority Time(s) of ON Sequence wave of RED LED Description

= 1 [Now M Over-current protection
|

2 2 ) Over-voltage protection

3 4 LTI [ Phase error protection

12. Frequently Asked Questions

In the event that your driver doesn’t operate prigpéhe first step is to identify whether the preiw

is electrical or mechanical in nature. The nexp s¢eto isolate the system component that is cgusin
the problem. As part of this process you may hawdigconnect the individual components that make
up your system and verify that they operate inddpetly. It is important to document each step in
the troubleshooting process. You may need this mieatation to refer back to at a later date, and
these details will greatly assist our Technical Supptaff in determining the problem should you

need assistance.

Many of the problems that affect motion controlteyss can be traced to electrical noise, controller
software errors, or mistake in wiring.

Problem Symptoms and Possible Causes

Symptoms Possible Problems
No power
Microstep resolution setting is wrong
Motor is not rotating DIP switch current setting is wrong
Fault condition exists
The driver is disabled
Motor rotates in the wrong direction Motor phases may be connected in reverse
DIP switch current setting is wrong

The driver in fault . . .
Something wrong with motor coil

13
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Control signal is too weak
Control signal is interfered
Erratic motor motion Wrong motor connection
Something wrong with motor coil
Current setting is too small, losing steps
Current setting is too small
Motor is undersized for the application
Motor stalls during acceleration
Acceleration is set too high
Power supply voltage too low
Inadequate heat sinking / cooling
Excessive motor and driver heating  Automatic current reduction function not being atid

Current is set too high

14

13. Professional Tuning Software ProTuner
Introduction

This section will provide an overview of connectiand basic setup instructions for Keling's digital
stepping driver KL-5056D using ti&roTuner software. These instructions will walk you throubk
following steps necessary to start up your drivet amotor. This section is intended for setting up th
driver with theProTuner.

Software Installation

TheProTuner is windows based setup software for tuning Keling¢gtal stepper driver KL-5056D.
It can run in windows systems, including Win95/WiA88hdowsNT/ Windows 2000/Windows XP.
And the selected PC should have 1 serial port at feacommunicating with the driver.

Double click ‘ProTuner_All_Setup_V1.0.exé to begin installing theProTuner. See Figure 11.
Click Next to enter the “License Agreement” window. See Fidize

B ProTuner A11 Setup @

Welcome

Wielcome to the installer for FroTuner All 1.0.

Itis strongly recommended that you exit all Windows
Rrograms before cantinuing with this installation

Iryau have any other programs running, please click
| Ganeel,close the programs, and run this setup
| again

Otherwise, click Next to continue

Figure 11: Begin to install the ProTuner

15



Contents

Choose “I agree to the terms of this license ages¢hand clickNext to continue installation. The
user can enter user's information in the followinghédw. See Figure 13. After entering the user's
information, clickNext to select installation folder, where you would ltkeinstall theProTuner. See

Figure 14.

%8 ProTuner A1l Setup

License Agreement
Please reactthe folowing license agreement carefully.

]

Thank you for choosing Leadshine product]

@ 1 agree to the terms of this license agreement;

© I do not agree to the terms of this license agreement

[ <Back | [ Mext>

] [_gancel

Contents

Figure 12: License agreement

B8 ProTuner A1l Setup

User information
Enter your user infarmation andl eick Next o cortinue

Name:

X

Company

[ <Back | [ Next>

] [ cancel

Figure 13: User’s information settings

% ProTuner A1l Setup E|

Instalfation Folder
Vihere would you ke ProTuner Allto be installed?

The software will he installed in the folder listed helow. To select a different
location, either tyne in & new path, or click Change to browse for an existing folder.

Install FroTuner Al to

D\Program Files\ProTuner Al | [ change

Space required: 27.5 MB

Space available on selected drive: 5.46 GBI

[ <Back ] [ dest> ] [ cancel

Figure 14: Installation folder settings

B ProTuner All Setup E|

Shortcut Folder
Vihere woull you ke the sherteuts 10 be installee?

The shartcuticons will be created inthe folder indicated helow. if you dontwant to
use the default folder, you can either e a new name, or select an existing folder
from the list

Sharteut Folder:

| ProTuner All v|

@ Install shortcuts for current user only

© Make shortcuts available 10 4l users

[ «Back ] [Hest> 7] [ cancel

16

Figure 15: Shortcut folder setting

Set the “Shortcut Folder” in Figure 15 and contitoiénstall theProTuner by following Figure 16
and Figure 17. Aninstallation Successful window will appear if theProTuner is installed
successfully. See Figure 18.
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8 ProTuner All Setup 3]
Ready 10 Install
Yo are now rescly to nstallFroTuner 4110
‘The installer now has enough infarmation ta install ProTuner All on your computer.
The fallowing settings will e used:
Install folder:  DiPragram FilesiPrTuner All

Shorteutfolder:  ProTuner All

Please click Nextto procesd with the installation

[ <Back ] [ Ned> ][ cancel |

Figure 16: Installation information summarization

B8 ProTuner All Setup @

Installing ProTuner All
Please wat

Installing Files.
Seeking

[ ]

[ Cancel

Figure 17: Installing the ProTuner

% ProTuner A1l Setup E|

Installation
Successful

The ProTuner All 1.0 installation is complete.
Thankyou far choosing ProTuner Alll

Please click Finish o exit this installer.

| ==

Figure 18: Finish installation

Connections and Testing

Connect the stepping system according to the ctsiermprevious sections and connect the PC to the

driver as the following figure.

RS232 Interface Connection

1. PC with ProTuner
Digital
Stepping
Driver

Special Cable

Figure 19: RS232 interface connection
Testing the Stepping System

Turn on the power supply, the green (Power) LED wglhti The KL-5056D has default parameters
stored in the driver. If the system has no hardvaac wirings problem, the motor should be locked

and the driver should be ready.

If the red LED immediately turns on (flickers), theheck power supply, the motor, motor wirings

18
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and try again. Open the tuning softwé®Tuner and check driver status by clickigr_check. If
it's Phase Error, check the motor, motor wirings and try again.tlIfiill doesn't work after you
followed all of the previous steps, please contadtidelinginc@kelinginc.net

If the RED LED is off and the motor is normal, thgsu can start to tune the servo wRhoTuner.
However, we recommend you see the following contesftsrb starting tuning.

Software Introduction

ProTuner Main Window

»  Option

The user can choose three drop-down menus by djck@ption”, including Com Config,
SaveToDriver andExit.

®  Com Config: Configure Com communication interface.

®  SaveToDriver: Download the current parameter settings to the drive
®  Exit: ExittheProTuner.

Com Config Window

Com Config

Choose Serial Port:

SO~

Choose Baudrate:

[35a00 5]
Open

Figure 21: RS232 communication configuration window

Serial Port: Select the serial communication port to which thieedlris connected. The factory default
setting is COM1.

Baud Rate: Select the communication baud rate. The factorgudesetting is 38400.

Click Open button to establish a connection with the specifietlings. When connecting, you can

20
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chooseSaveToDriveto download the current parameter settings to ther or to upload the stored
driver settings into thBroTuner by clickingTuning > Position Loop on the menu bar.

Tuning
The user can choose one or two drop-down menu(slidiyng Tuning, includingCurrentLoop and
SystemConfig

®  CurrentLoop: In Current Tuning window, the user can tune Kpe (Proportional Gain) and
Ki (Integral Gain) of driver's current loop to optimize responses witifferent motors.
Start/Restart a Step Response test to get an apti@sponse.

Kp: Proportional Gain . Proportional Gain determines the response of therdto current setting
command. Low Proportional Gain provides a stabléesygdoesn’t oscillate), has low stiffness, and
large current error, causing poor performancesacking current setting command in each step like
Figure 23. Too large Proportional Gain values wallise oscillations and unstable systems.

ke firae Ke [0 et i Stait

Figure 22: Current Tuning window

Ki: Integral Gain. Integral Gain helps the driver to overcome statiorent errors. A low or zero
value for the Integral Gain may have current eregnest. Increasing the Integral Gain can redbee t
error. If the Integral Gain is too large, the systermay “hunt” (oscillate) about the desired position

Start button: The user can start a Step Response teslidiyng this button. Start/Restart a Step

21
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Response test to get an optimum response like &igRr and remember to save the settings to the

driver when finish tuning. See Figure 24.

ke s Ki o Hest [T Stait

Figure 23: Kp=2604, Ki=0 (poor performances)

W

Download successfully!

oK

Kot [1738  Ki [0 Mest [ Start

Figure 24: Finish tuning and save setting to tfieedr
Notes:

However, if the user does not want to tune the cutoep after changing a different stepping motor,
then Motor auto-identification and parameter auto-configuration technology of the KL-5056D
can replace manual tuning the driver wittoTuner. Just changes SW4 two times in 1 second, and
then the driver will auto-identify the new motor aadto-configure related control parameters for
optimum response&ecommenduse this function after changing the driven motor.

e SystemConfig

22
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In SystemConfigwindow, the user can configure Peak Current, MiemsCommand Type, Active
Edge, and eliminate motor resonance. A built-irspujenerator can be used for test during tuning.
See Picture 25.

PeakCur: Peak Current. The value is the peak current to the selectednasid can be set from 0.5
to 5.6 A. The user can set the peak current WithiTuner or DIP switches, see more information
about setting output current of the driver in smttb “Connecting the Motor’ and section 7

“Selecting Microstep Resolution and Driver Output Current”.

MicroStep: Microstep Resolution The value is driver’s microstep resolution seftand can be set
from 1 to 512. The user can set the microstep BitiTuner or DIP switches, See more information
about setting output current of the driver in smttV “Selecting Microstep Resolution and Driver

Output Current .

ElecDamp: Electronic Damping Coefficient The electronic damping restrain resonance of the
system and prevent amplitude of the oscillatiomfiacreasing to the extend that it makes the motor

out of control. The optimal value depends on thetesy, and the default value is 3000.

Systen WEI
- StepperConfig [%
PeakCurs]: {2.00 MircoStep(1~512) (g ElecDamp: {3000

- CammandTope- - ActiveEdge ~DirectionDet
lr-“ PULDIR © CWiCCw | & Flsrg © Faling | & Low C High |
AstResonanceArea = =
Ampl: 0 f
Phassll ;

| 2nd Resonancehrea
ampz: [0 [
Phase2 [0 1

3id Resonancefuea
amp3: 128
Phase3.[128

- InternerPulser

x001ms ¥ Cycle M Reverse Intervalims} {50
Repeat |5 Lengthii): il |
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Figure 25: SystemConfig window

CommandType: Command Typeof control signal, including PUL/DIR and CW/CCW. Séis

parameter according @ommand Typeof motion controller.

ActiveEdge: Active Edge.The user can set the triggered edge of pulse coahsignal in this panel.
When the driver works in CW/CCW mode, no matter waael is at fixed level terminal, the driver

can works properly.

DirectionDef: Direction Definition. Relate the default running directionadHIGH level input in
DIR or Low level input in DIR. This panel is used for PUL/DIBnemand type only. Please note that
the default direction is also related to motor coihnections.

Anti-Resonance Introduction

Step motors are highly resonant, which results Imation and ringing. The ringing utilizes a large
fraction of the motor's available torque — thereimsting performance. Furthermore, at mid-range
velocities, the resonance can become so sever¢hthatotor looses synchronization and stalls. The
KL-5056D driver provides robust anti-resonance auntio stop the vibrations and maintain
equilibrium. This feature requires that the driber configured with respect to the total inertiethie

system. If set improperly, the effectiveness offéeure may be diminished.

The user can invoke or disable the feature byrge#imp and Phase values inSystemConfig
window. Amp andPhasevalues all zero is to disable the feature, othenigso invoke the feature. It
should be enabled unless the system configuraiiberedoes not need it or cannot tolerate it. A
system with loose couplings or viscous loading gelhedoes not need this feature. If a system has
compliant (springy) coupling and is absent appt#gigiscosity, it may not respond well to the active
anti-resonant loop in the drive. The anti-resorfeature is not designed to damp suchmaarxder
system. If the application of anti-resonance resulidegradation or instability, it should be disab

1% ResonanceArea: Parameters for®iresonance areaUsually between 0.6rps and 1.2rps.

Amp1 is Amplitude adjustment for*Iresonance area.
Phaselis Phase adjustment fof' tesonance area. The user can enter a value diiedtie text box

or move the slider bar back and forth to get aimapn value.
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2" ResonanceArea: Parameters for " resonance area.Usually between 1.2rps and 2.4rps.
DefaultAmp2 andPhase2values are zero.

39 ResonanceArea: Parameters for'$ resonance areaUsually between 2.4rps and 4.8rps. Default
Amp3 andPhase3values are 128.

InternerPulser: There is an internal pulse generator designed dover self-testing and
anti-resonance tuning. You can issue a motion sygimple controller.

Cycle check box: The motion will repeat if this box Isecked.

Reversecheck box: The motor shaft will reverse directibthis box is checked.

Interval edit box: The stop time between each cycle, umitilisecond.

Repeatedit box: Totaimotion cycles.

Length edit box: Move distance of each cycle, unitggolution.

Start/Stop button: The user can Start/Stop a motion testibking this button.

Procedure for Achieving Optimum Performance

Step 1: Start the motion test by clickirgtart/Stop button. Find a resonance speed by slightly moving
the slider bar of internal pulse generator backfartth. See Figure 26.

Step 2: Run the motor at the resonance speed and vedfgtitor smoothness. You may find a better
smoothing value by slightly moving the slider bafAMP (s) andPhasé€s) back and forth.

It is very important to make th&MP (s) andPhasés) adjustments at the proper test speeds with an
unloaded motor. Running at an incorrect test speiéichot excite the motor at its peak resonance,
making it more difficult to find proper adjustmeralues. OptimunAMP (s) andPhasés) values may
be a little different between running the tests withunloaded motor and a load motor.

Please remember to clickavetoDrive to download the final parameter settings to theedrivhen
finish tuning. See Figure 27.
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]

7 =

StepperConfig -+
PeskCuts) [300 Mm:nEleuﬂ“EWZ%a_ ElecDamp: {3000

~ CommandT ype- - AoliveE dge: ~ DitsctionDef -
‘ & PUL/DIR { CW/CCW | Rising ¢ Faling & Low ¢ High |
:1 st ResonanceArea = - =
Ampls [@82 : —

Phasel:1103 =

 2nd ResonanceArea
ampz [535 T

Phaee2[120  — |

3rd ResonanceArea
Amp3 1128
Phass3:1128

~InternesPulser

¥

%0001 ps W Cycle @ Reverse Interwalfms): 50

Repeat |5 Lengthii): [10 R

Figure 26: Anti-resonance tuning

- StepperConfig

PeakCufA} {3.00 MircoStep(1~512) % ElecDamp: {3000

‘-Eummamﬂype - AliveEdge — - |~ DirectionDef
| PULDIR © CW/CCW | & Risng  © Faling || % Low O Hish

15t ResonanceArea

Ampl: 352 )
Phase1 08 — |

r'Znﬂ Resonancefiiea —
ez (555 —
Phase2fT20  — f——

Dowrload successfully!

[

3id ResonanceArea
Amp3: 128
Phase3128

r’lnlemerPuIser-
<00 ps W Cyck ¥ Feverse Intervalime) 50

Repsat|5 Length. 10 I

Figure 27: Finishing tuning and download params#tings to the driver
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»  Err_check

®  Error Check: This window shows both the present status of eaain event and their history.
Current error event(s) can be reset by clickingse Current Err! button, and all error events
can be reset by clickinBrase All! button. List of the last ten drive faults. #0 lgeithe most
recent, #9 is the oldest. See Figure 28.

Err Check

oo | @ | @ | @ | $]©|® 0|8 |0
vevotane| B ([ @ | D | @ (@ (@ @ | @ @ | @
[ @0 ®©|0¢ 60 e e
EnCaunter: a 1 2 3 4 g B ¥ 8 E]
Erase Curent Enl [ Erase il |

Figure 28: Error check window
OverCurrent: Over-current Protection. Protection will be activated when continuous entr
exceeds 16A.
OverVoltage: Over-voltage Protection When power supply voltage exceedstSRVDC, protection
will be activated.
PhaseErr: Phase Error Protection Motor power lines wrong & not connected will aetig this
protection.
ErrCounter: Displays current error(s) and current error higtor
Erase Current Err!: Erase Current Err button. The user can clear current error(s) byl this
button.
Erase Alll: Erase All! button. The user can clear all error(s) includingeehistory by clicking this

button.
»  About

The user can choose two drop-down menus by clickimptit”, including Product Information and

Contact Us
®  Product Information window: Shows some product information about ProTuner
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Optical Shaft Encoder
Page 1 of 7

S

Q Description

The S5 series optical shaft encoder is a non-contacting rotary to digital
converter. Useful for position feedback or manual interface, the encoder converts
real-time shaft angle, speed, and direction into TTL-compatible quadrature
outputs with or without index. The encoder utilizes a mylar disk, metal shaft and
bushing, LED light source, and monolithic electronics. It operates from a single
+5VDC supply.

Three shaft torque versions are available. The standard torque version has a
sleeve bushing lubricated with a viscous motion control gel to provide torque and
feel that is ideal for front panel human interface applications.

The no torque added option has a sleeve bushing and a low viscosity lubricant
(that does not intentionally add torque) for low RPM applications where a small
amount of torque is acceptable.

The ball bearing version uses miniature precision ball bearings that are suitable
for high speed and ultra low torque applications.

A secure connection to the S5 series encoder is made through a 5-pin (single-
ended version) or 10-pin (differential version) finger-latching connector (sold
separately). The mating connectors are available from US Digital with several
cable options and lengths.

For differential version: the internal differential line driver (26C31) can source
and sink 20mA at TTL levels. The recommended receiver is industry standard
26C32. Maximum noise immunity is achieved when the differential receiver is
terminated with a 150 () resistor in series with a .0047 M F capacitor placed
across each differential pair. The capacitor simply conserves power; otherwise
power consumption would increase by approximately 20mA per pair, or 60mA for
3 pairs.

1400 NE 136th Avenue
Vancouver, Washington 98684, USA

use=

DIGITAL

info@usdigital.com
www.usdigital.com

Features

» Small size

» Low cost

» Optional differential / line-driver output

» Positive finger-latching connector

» 2-channel quadrature, TTL squarewave
outputs

» 3rd channel index option

» Ball bearing option tracks to 10,000 RPM

» -25 to +100C operating temperature

» Single +5VDC supply

Local: 360.260.2468
Toll-free: 800.736.0194

Rev. 150223122200



Use=

DIGITAL

S

Differential

— = 100

Z:"i
N
3
N

Single-Ended

I In this view, o
channel A leads
channel B for
clockwise shaft

rotation.

1/4" Sleeve Bushing

Optical Shaft Encoder
Page 2 of 7

6mm Sleeve Bushing

(Default) (M6-option)
’-ﬁ 65 3/8-32 thread
0.000
245" 2000 2 [5'997-0.0131
{ { o2zt 300
2.04 J
Nut 47
(included) - 80
Star washer
(included)
1/4" Ball Bearing 6mm Ball Bearing
(B-option) (BM6-option)
0.000
9 200870000 [5‘997-0013]
o251 200

]

.025 x .025 square
pins. Mates to
CON-FC10

i,«j

B

1/4" Sleeve Bushing

M

e L

6mm Sleeve Bushing

(Default) (M6-option)
55— 26 208-32 thraad 000
_ In this view, _ | |
channel A leads | i 24050000 |:5 997 0013]
channel B for -.0005 ¢2ﬁ1+nu|un
clockwise shaft 0005
rotation. l H
1.85 .05 J J
50 A7
:nuuued] 80
@ gonrd |
05 Si.a he
\\) BWAIG @/j { i /
| — — —— i
e | F R i i . .
1/4" Ball Bearing 6mm Ball Bearing
’ﬁ;L s (B-option) (BM6-option)
"
Ay +muo If"%? g'g?g
@.2498° e
41 .2361" 0000
N 8 25 e Imm: mmﬁ [ B
pins. Mates to
COM-FC5 | .-I
- .49 49 .]—-
- ?9 -— 78
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Local: 360.260.2468
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DIGITAL COMPLIANT

£ Environmental

Parameter Value Units
Operating Temperature, CPR < 2000 -40 to 100 C
Operating Temperature, CPR > 2000 -25to 100 C
Vibration (5Hz to 2kHz) 20 G
Electrostatic Discharge, Human Body Model +4 kv

£ Mechanical

Parameter

Sleeve Bushing

Ball Bearing

Max. Acceleration

250000 rad/sec?

250000 rad/sec?

Max. Shaft Speed 100 rpm 10000 rpm
Max. Shaft Torque 0.5+ 0.2 in-0z 0.05 in-0z
0.3 in-0z (N-option)
Max. Shaft Loading 2 Ibs. dynamic 1lb.
20 Ibs. static
Bearing Life > 1000000 revolutions L10 = (19.3/Fr)3 *
Where L10 = bearing life in millions of revs, and
Fr = radial shaft loading in pounds
Weight
Single-ended 1.01 oz. 1.15 oz.
Differential 1.28 oz. 1.42 oz.
Max. Shaft Total Indicated Runout 0.0015 in. 0.0015 in.
Max. Panel Nut Tightening Torque 20 in-lbs 20 in-lbs
Technical Bulletin TB1001 - Shaft and Bore Tolerances Download

* only valid with negligible axial shaft loading.

42 Phase Relationship

B leads A for clockwise shaft rotation, and A leads B for counterclockwise rotation viewed from the shaft side of the encoder (see the
EM1 page).

42 Single-ended Electrical

» Specifications apply over entire operating temperature range.
* Typical values are specified at Vcc = 5.0Vdc and 25 ° C.
» For complete details, see the EM1 or EM2 product pages.

Local: 360.260.2468
Toll-free: 800.736.0194

info@usdigital.com
www.usdigital.com

USI: 1400 NE 136th Avenue

DIGITAL Vancouver, Washington 98684, USA
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Parameter Min. Typ. Max. Units Conditions
Supply Voltage 45 5.0 55 \Y,
Supply Current 27 33 mA CPR <500, no load
54 62 mA CPR = 500 and <2000, no load
72 85 mA CPR > 2000, no load
Low-level Output 0.5 \% IoL = 8mA max., CPR < 2000
0.5 \ IoL = 5mA max., CPR = 2000
0.25 \Y no load, CPR = 2000
High-level Output 2.0 \% IOH = -8mA max. and CPR < 2000
2.0 \ IOH = -5mA max. and CPR = 2000
4.8 \Y, no load and CPR < 2000
3.5 \4 no load and CPR > 2000
Output Current Per Channel -8 8 mA CPR < 2000
-5 5 mA CPR = 2000
Output Rise Time 110 nsS CPR < 2000
50 nS CPR > 2000, £ 5mA load
Output Fall Time 100 nS CPR < 2000
50 nS CPR = 2000, + 5mA load

4:) Differential Electrical

» Specifications apply over entire operating temperature range.
* Typical values are specified at Vcc = 5.0Vdc and 25 ° C.
» For complete details, see the EM1 product page.

Parameter Min. Typ. Max. Units Conditions

Supply Voltage 4.5 5.0 5.5 \Y,

Supply Current 29 36 mA CPR <500, no load
57 65 mA CPR 2 500 and < 2000, no load
73 88 mA CPR > 2000, no load

Low-level Output 0.2 0.4 \% IoL = 20mA max.

High-level Output 24 34 \Y IOH = -20mA max.

Differential Output Rise/Fall Time 15 nS

£ Pin-outs

5-pin Single-ended: (1

use= 1400 NE 136th Avenue info@usdigital.com Local: 360.260.2468

DIGITAL Vancouver, Washington 98684, USA www.usdigital.com Toll-free: 800.736.0194
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Page 5 of 7 COMPLIANT

Pin Description

Ground
Index
A channel

+5VDC power

a A W N P

B channel
10-pin Differential Standard: (2)

Pin Description

Ground
Ground

Index-

Index+

A- channel
A+ channel
+5VDC power
+5VDC power

© 00 N oo o b~ W N PP

B- channel

B+ channel

[EnY
o

(1) 5-pin single-ended mating connector isCON-FC5.
(2) 10-pin differential mating connector is CON-FC10.

use= 1400 NE 136th Avenue info@usdigital.com Local: 360.260.2468

DIGITAL Vancouver, Washington 98684, USA www.usdigital.com Toll-free: 800.736.0194
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‘ Ordering Information

S5 - - - - -

CPR Shaft Index Output Torque
32= 236 =Metric 6mm diameter shaft NE =No Index S =Single-ended D =Default
50 = 250 =1/4" diameter IE =Index D =Differential B =Ball Bearing
96 = N =No torque added
100 =

192 =

200 =

250 =

256 =

360 =

400 =

500 =

512 =

540 =

720 =

900 =

1000 =

1024 =

1250 =

2000 =

2048 =

2500 =

4000 =

4096 =

5000 =

Notes

» Cables and connectors are not included and must be ordered separately.
» For ordering information please see the Compatible Cables / Connectors section above.
» US Digital warrants its products against defects in materials and workmanship for two years. See complete warranty for details.
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Base Pricing

Quantity Price
1 $87.50

5 $64.85

10 $55.87

For volume discounts, please contact us at sales@usdigital.com or 800.736.0194.

» Add 11% per unit for CPR of , , ,, or

» Add $1.00 per unit for Shaft of Metric 6mm diameter shaft

» Add 23% per unit for Output of Differential

» Add $5.80 per unit for Torque of Ball Bearing

» Add 17% per unit for Index of IE or CPR greater than or equal to 1000.
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