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About This Guide

The Type 2 Liverpool Ringing Simulator allows sensors, attached to one or more real tower bells or
teaching dumb bells, to be connected to a computer Simulator Software Package such as Abel?,
Beltower? or Virtual Belfry*. This allows you to extend and augment the teaching and practice
opportunities in your tower.

This Build & Installation Guide shows you how to build and install the Simulator Interface, Power
Board and Sensor Head hardware, install it in the tower, and set it up ready for your chosen
Simulator Software Package.

In this guide you will find:

e Parts lists and schematics.
e Detailed construction and configuration information.
e Links to suggested sources of parts, including ready-made printed circuit boards and cables.

e Links to download the associated firmware source code, PCB CAD files and other supporting
data hosted on GitHub.

e Guidance on installing the simulator hardware in the tower.

Configuration guides for the main Simulator Software Packages are available separately, as is a
detailed Technical Reference Guide.

Please note that while advice and guidance is available, this is a Build-it-Yourself project. No pre-built
hardware is available.

2 http://www.abelsim.co.uk/
3 http://www.beltower.co.uk/
4 http://www.belfryware.com/

11
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Typical Simulator Installation
The following diagram illustrates the general arrangement of a Simulator installation using a sensor
aggregation hardware interface like the Liverpool Ringing Simulator.

Multiple Sensor Heads in the belfry, one per bell, are connected to a Simulator Interface. A single
data cable transmits the aggregated signals from the Simulator Interface to the Simulator PC in the
ringing room. The same cable feeds power from a low voltage power supply in the ringing room back
up to the Simulator Interface to power both Interface and Sensor Heads. The Type 2 simulator
supports up to 16 sensors.

In the ringing room, a PC runs a Simulator Software Package which interprets the received signals

bl
b

and turns them into the simulated sound of bells.
@ Sensor
Heads
Simulator Data I

Ringing Room ‘ Belfry EZ

Connection . i !
Simulator I
Interface

Simulator PC

Sensor
@ Heads

Figure 2 — Simulator General Arrangement

This guide provides detailed build and installation information for the Simulator Interface, Power
Board and the Sensor Heads.
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What You Will Need

Skills

The Liverpool Ringing Simulator is a Build-it-Yourself project. Based on feedback from constructors,
the Type 2 simulator has been re-designed to be easier to construct and install than the original
version, particularly around the cabling and enclosures.

Some prior experience of soldering and basic electronics kit construction will be helpful before you
build the Type 2 Liverpool Ringing Simulator, but there is nothing complex in the design, and there
are no surface mount components or cables to solder.

The ability to make simple voltage and resistance measurements with a multimeter will be helpful in
troubleshooting, but more advanced diagnostic equipment is not required.

Advice and guidance are available from the project via the contact form on the website.

Tools
e A small soldering iron suitable for electronics use — around 15 Watts is fine.
e Fine rosin-cored electronics solder — NOT plumbers’ acid core solder.
e A small pair of side cutters.
e A small pair of needle nose pliers
e A 20mm hole saw & arbor (eg Screwfix parts 22647 & 11336).
e A sharp utility knife.
o A 4.5mm drill bit.
e An electric drill — a bench mounted drill is best, but a hand-held drill can be used with care.
e Optional for optical sensors: An 18mm hole saw (eBay).
e Recommended: A basic multimeter with DC voltage and resistance ranges.

Parts

With the demise of Maplin, availability of electronic components from high street stores has been
drastically reduced, and you will probably need to source parts online. Suggested online suppliers
include Farnell (and their CPC consumer division — particularly useful for cables) and Rapid
Electronics. Parts may be also be sourced from reputable suppliers on eBay.

e Farnell — https://uk.farnell.com

e CPC- https://cpc.farnell.com

e Rapid Electronics - https://www.rapidonline.com

e eBay— https://www.ebay.co.uk

Where possible, Farnell or CPC part numbers have been given. Note that some smaller parts will only
be available in larger quantities than are required for a single simulator. You may want to use the
left overs to build more simulators for other local towers.
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PCBs
Surplus development PCBs may be available from the Liverpool Ringing Simulator Project, please
enquire about availability via the contact form on the website.

The Type 2 simulator uses three types of PCB®:

e Simulator Interface Board — 1 required per installation
e Power Board — 1 required per installation
e Sensor Boards — 1 required per bell, per installation

Two suggested sources of PCBs are SeeedStudio in China, and OSH Park in the USA. Both take
typically around three weeks to deliver PCBs to the UK. PCB design files, known as “Gerber files”,
customised for each supplier, are available from the project GitHub repository:

e https://github.com/Simulators/simulator-type2

OSH Park

PCBs can be obtained from the OSH Park service in the USA, and links to each board type are listed
below. OSH Park produce very high quality “ENIG finish” boards, and charge $5 (US) per square inch
for three copies of a single type of board, including international airmail shipping.

Do NOT try to order panelised PCBs from OSH Park using the SeeedStudio Gerber files! There is no
cost advantage to doing so, and as OSH Park are themselves a panelisation service, trying to order
panelised PCBs will most likely result in your order being rejected.

Table 1 — OSH Park Permalinks

Board Type OSH Park Permalink

Power Board https://oshpark.com/shared projects/L50bSYC4
Interface Board https://oshpark.com/shared projects/Q7Q4cz8d
Magneto-Resistive Sensor https://oshpark.com/shared projects/szHOys2B
Generic/Optical Sensor https://oshpark.com/shared projects/TPnh5Fit

To order from OSH Park, browse the links above. There is no need to upload Gerber files.

SeeedStudio

The most cost-effective way of obtaining larger numbers of PCBs is to order them from a Chinese
PCB fabrication house, such as SeeedStudio’s “Fusion PCB” service. At the time of writing, 10 PCBs®
of a single design are available for $4.90 US, plus postage.

The smaller Power and Sensor boards are designed as “panels” each containing multiple boards, four
Power Boards or six Sensor Boards per panel. Each panel is treated as a single PCB by the fabricator,
further reducing the total cost, so for example an order of 10 PCBs will result in enough boards for
60 sensors.

5 Printed Circuit Board

6 The minimum order quantity is actually five copies of a board, but the PCB cost is the same. There may be a
saving on postage cost, which is based on weight. This price is for HASL finish leaded solder PCBs, other
finishes have higher costs.
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The following photograph shows panels of six Sensor Boards manufactured by SeeedStudio. These
can easily be split into separate boards.

Figure 3 — PCB Panels of Sensor Boards

To order from SeeedStudio, download the Gerber files from the project GitHub repository, then
browse the following link to the PCB Fusion service:

e https://www.seeedstudio.com/fusion pcb.html

For each zipped Gerber file in turn, upload by clicking the Add Gerber Files button, complete the
order form, and add the boards to the shopping cart. Repeat the process with the Gerber file for
each type of board you want to order. Before confirming each board, use the online Gerber Viewer
to check that the board looks as it should. Follow the Gerber Viewer link in the upload box.

Figure 4 — SeeedStudio Upload Box

(Y seeedi — Gerber View er: -

@ Top | Bottom theme - Reassign Layers Destroy Gerber Need help?  Old GerberViewer

Layers

EasyEDA - Free PCB Editor

[#simulatorT2InterfaceRevC TXT
[¥IsimulatorT2InterfaceRevC.GTS
[¥IsimulatorT2InterfaceRevC GTO
[¥IsimulatorT2InterfaceRevC.GTL
[#IsimulatorT2InterfaceRevC. GBL
[¥IsimulatorT2InterfaceRevC.GBO
[#IsimulatorT2InterfaceRevC. GBS
[@IsimulatorT2InterfaceRevC.GML
[#simulatorT2interfaceRevC.GBP
[@isimulatorT2InterfaceRevC GTP

Figure 5 — SeeedStudio Gerber Viewer
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An example of a completed order form (for an Interface Board) is shown below:

Base Material

Mo. of Layers

PCE Dimensions

PCB Quantity

Mo. of Different Designs

PCB Thickness

PCB Color

Surface Finish

Minimum Solder
Mask Dam

Copper Weight

Minimum Drill Hole Size

Trace Width / Spacing

Blind or Buried Vias

Plated Half-holes 7
Castellated Holes

Impedance Control

FR-4 TG‘IBDJ Aluminum

Flexible Boards

1 layer 2 Ia}*erzg 4 layers 6 layers
80.0 * 80.0 F Units inmm 80.0 mm * 80.0mm €&
10 ~

2 3 4 3 6 7 8 9 Example
0.6 0.8 1 1.2 E 2 2.5 3 Lnits
& Green & Red J Yellow & Blue White
HASLJ HASL Lead Free EMIG Hard Gold

0. 1mm T

0.2mm

474 mil

o
i

Kl Kl Kl

Yes

Yes

0.4mm g

20Z. 30Z.
0.25mm 0.3mm J
5/5 mil 6/6 mil ;

M

® Black

Figure 6 — SeeedStudio Order Form

e The PCB Dimensions should be detected automatically from the uploaded file.

o The Number of Different Designs is always 1, even for the panelised PCBs.

e All other settings should be as shown above.
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Simulator Assembly
This section describes the assembly of the Simulator Interface Board, Power Board, and the Sensor
Boards. It also covers the suggested enclosures.

Before you start construction of the Simulator hardware, check the log on the project GitHub
repository for any open or late-breaking issues which may affect your build:

e https://github.com/Simulators/simulator-type2/issues

It is recommended to give the completed Simulator Interface and Sensor PCBs a coat of protective
spray lacquer on both sides before installation, as a protection against damp. A suitable lacquer is
Electrolube CPL200H (Farnell 521462). Protect the connectors with masking tape before spraying.

Polarised Components

A number of the components of the Simulator are polarised and must be fitted the right way round
for correct operation. Guidance is given below on correct orientation of the polarised components,
but if in any doubt consult the component supplier or the manufacturer’s data sheets. Fitting a
polarised component the wrong may round may result in damage to the component.

Voltage Regulators

The standard voltage regulator is fitted to the PCB with the metal tab flat against the surface of the
board. The alternative Traco Power TSR 1-2450 regulator has pin 1 indicated with a white dot. If
used, the alternative regulator must be fitted so that pin 1 is closest to the edge of the board, as
shown in the following photograph.

Figure 7 — Voltage Regulator Orientation
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Diodes

The cathodes of the 1N4001 and SA5.0A diodes are indicated by a white band on the packages. The
diodes must be fitted so that the white band aligns with the corresponding white band printed on
the PCB, as shown in the following photograph.

Figure 8 — Diode Orientation

Electrolytic Capacitors

The negative side of electrolytic capacitors is usually indicated by a shorter lead, and by negative
markings on the side of the component. The electrolytic capacitors must be fitted with the negative
lead through the hole marked with the corresponding negative sign and white dot printed on the
PCB, as shown in the following photograph.

Figure 9 — Electrolytic Capacitor Orientation
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Integrated Circuits
The two integrated circuits have pin 1 marked with a dot, and/or a notch in the end of the package.

The ICs must be fitted with the notch/dot aligned with the notch and white dot printed on the PCB,
as shown in the following photograph.

Liverpool Simulator Type 2
Interface Board

Figure 10 — Integrated Circuit Orientation

LEDs
The cathode of the LEDs is usually indicated by a shorter lead, and/or by a flat on the side of the

plastic flange. The LEDs must be fitted with the cathode through the hole marked with the
corresponding white dot printed on the PCB, as shown in the following photograph.

EXT SENSOR

Type 2 MR Sensor

Figure 11 — LED Orientation
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Magneto-Resistive Sensors

The magneto-resistive sensors are mounted flat on the PCB, with the chamfered and printed side
uppermost, as shown in the following photograph.

Figure 12 — Magneto-Resistive Sensor Orientation
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Simulator Interface Board

The Simulator Interface Board contains the power supply for the interface and Sensor Heads, the

microcontroller, a RS-232 serial line driver, plus power and diagnostic LEDs, and an ICSP’

programming interface for firmware upload.

Parts List

Table 2 — Simulator Interface Board Parts List

Reference Component Notes

PCB Type 2 Simulator Interface PCB

R1 10kQ 0.25W Metal Film Farnell 9341110
R2, R3 1kQ 0.25W Metal Film Farnell 9341102
C1,C2 100uF 25V Electrolytic (6.3mm Radial) Farnell 9451188
C3,(C4,C5,C6 100nF (0.1uF) 50V MLCC® (2.54mm Radial) Farnell 1457655
D1 1N4001 Farnell 1458986
D2 SA5.0A Farnell 1886342
IC1 LM340T-5.0 (replacement for LM7805) Farnell 9490175

(Alternative: Traco Power TSR 1-2450) (Farnell 1696320)

IC2 MAX233EPP+G36 Farnell 2519158
IC3 ATmega328P-PU Farnell 1715487

PC Connector

Amphenol RJHSE-5084

Farnell 1860578

Sensors Connector

Amphenol RJHSE-5080-04

Farnell 2709010

ICSP Header®

2x3-pin 0.1” Male Header
(cut from a longer strip)

Farnell 1462888,

CPCCN18761, or eBay

IC Socket 20-pin, 0.3” pitch Farnell 2445624
IC Socket 28-pin, 0.3” pitch Farnell 2445626
Hardware M3 Bolt (6mm/9mm) Nut, & Washer Use 9mm if fitting a heatsink
Heatsink TO-220 Heatsink (Optional) Farnell 1703172

7 In-Circuit Serial Programming
8 Multi-Layer Ceramic Capacitor

9 Not required if you have obtained a microcontroller from the project with the firmware already loaded.
10 A ready-made 6-pin connector is available, Farnell 1593440, but the minimum order quantity is 50 units.
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Schematic
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Parts

The following photograph shows the complete set of parts required for the Simulator Interface PCB.
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-
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-
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Figure 13 — Simulator Interface Parts

PCB Layout

The following diagram shows the layout of the Simulator Interface PCB. All components are
mounted on the top (silkscreen) side of the board.

80.91

80.91

Figure 14 - Simulator Interface Board Layout
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Construction
All the components on the Simulator Interface Board are mounted on top, silkscreen, side of the
board.

e Start by soldering the components with the lowest profile (resistors, ceramic capacitors),
then the remainder of the components in order of increasing height, ending with the RJ45
sockets.

e The use of IC sockets for IC2 & IC3 is strongly recommended.

e  When fitting the voltage regulator, carefully bend the pins through 90 degrees, as described
below, so that the mounting hole in the tab lines up with the mounting hole in the PCB.
Secure the regulator to the board with an M3 nut, bolt and washer before soldering the pins.

A tiny smear of heatsink compound between the tab and board will improve heatsinking.

e There is no need to fit pins to any of the test point holes TP1 — TP7.

o If you plan to upload the firmware to the microcontroller in-situ using the method described
below, fit the 2 x 3-pin ICSP header pins. These can be omitted if you are using a separate
programmer or have obtained a microcontroller with the firmware already loaded.

e For high current installations, i.e. those with large numbers of optical sensors and/or very
short power/data cable runs, consider replacing the linear regulator with a switched buck
regulator such as the Traco Power TSR 1-2450. This is a direct drop-in replacement for the
standard TO-220 package regulator. The buck regulator is much more efficient than the
linear version, and reduces the heat dissipation.

e A small heatsink may be required for the voltage regulator, particularly in larger installations
with higher current (e.g. optical) sensors. Consider using a buck regulator instead. A heatsink
is not generally required for installations using the lower current magneto-resistive sensors.
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e Before fitting the socketed ICs, connect the board to a power supply (using the Power Board
and a short RJ45 cable) and check using a multimeter that the supply voltage appears on the
pins of TP6, and that +5V and OV appear on the correct pins of the IC sockets. The pins are
identified in the diagram below. The green power LED in the “PC” RJ45 connector should
also light. Disconnect the power supply and fit the ICs.

Ic3

-0

5 3

e @ O O O

76 O O e o

O O ® O

O O O @

O O O O

® O O O

® O O O

O O O O

® O O O

@ -5 volts O O O O

@ Ssupply Voltage MAX233 ATmega328P
@ Ground

Figure 15 — Voltage Check Pin Locations

e If the board is powered up at this point with no firmware installed on the microcontroller,
there will be no indication from the yellow diagnostic LED. This is normal.

e Pay close attention to the correct orientation of the polarised components D1, D2, C1, C2,
IC1,1C2 & IC3.

e The mounting lugs of the RJ45 connectors clip into the holes in the PCB. Make sure the
connector pins are correctly aligned with the holes before clipping the connector into the
board, and then soldering the pins.

o Note that the connectors overhang the edges of the PCB slightly. This is intentional and is to
allow for the board to be fitted into to a case in future.

Voltage Regulator

Bending Pins
The Simulator Interface Board PCB includes an alignment jig to assist you in bending the voltage
regulator pins accurately®®.

e Bolt the voltage regulator to the reverse side of the board, at 90 degrees to its final position,
so that the pins hang over the edge of the board.

e Support the pins close to the body of the voltage regulator with a matchstick, and then bend
the pins carefully through 90 degrees, using the edge of the PCB as a guide.

11 From PCB Revision C onwards only. Do not use this method with older boards, the voltage regulator
alignment was adjusted in Revision C for this purpose.
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e Fit the voltage regulator to the right side of the PCB, and the pins and fixing hole should be
properly aligned.

e Bolt the voltage regulator to the PCB before soldering the pins.

e The process is illustrated in the following photograph.

Figure 16 — Bending Voltage Regulator Pins

Heatsink
If you are fitting an additional heatsink to the voltage regulator, bolt the voltage regulator and

heatsink to the PCB before soldering the pins. Make sure that the heatsink is not touching the PCB
solder pads for the voltage regulator pins. A 9mm bolt is required if fitting a heatsink.

Figure 17 — Voltage Regulator Heatsink
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A completed Simulator Interface Board PCB is shown in the following photograph.

Figure 18 — Completed Simulator Interface PCB
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Power Board

The Power Board is intended to be located close to the Simulator PC and enables the PC serial port
(or a USB-Serial adapter), and the power supply, to be connected to the power/data cable which
runs up to the Simulator Interface in the belfry. It also provides a protective fuse.

Parts List
Table 3 — Power Board PCB Parts List

Reference Component Notes

PCB Type 2 Power Board PCB

PC Connector Right Angle PCB D Sub Connector 9 Pin Farnell 1848372
Interface Connector | Amphenol RJHSE-5080 Farnell 1860577
Power Connector DC Power Connector 5mm PCB Mount Farnell 1854512
Fuse Holder 20mm PCB Mount Fuse Holder Farnell 2461158
Fuse 20mm 800mA Quick Blow Fuse Farnell 2461215
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Schematic
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Parts
The following photograph shows the complete set of parts required for the Power Board PCB.

Figure 19 — Power Board Parts

PCB Layout
The following diagram shows the layout of the Power Board PCB. All components are mounted on

the top (silkscreen) side of the board.

48.26

Figure 20 — Power Board Layout

Construction
All the components on the Power Board are mounted on top, silkscreen, side of the board.

e If your Power Board came from a panelized PCB, lightly file down any remaining nibs from
the edges of the board.

e Start by soldering the components with the lowest profile, then the remainder of the
components in order of increasing height.

e There is no need to fit pins to the test point holes TP1 — TP2.
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e Fita 20mm 800mA quick blow fuse to the fuse holder.
e Note that the connectors overhang the edges of the PCB slightly. This is intentional and is to
allow for the board to be fitted into to a case in future.

A completed Power Board PCB is shown in the following photograph.

Figure 21 — Completed Power Board PCB
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Magneto-Resistive Sensor

The magneto-resistive sensor, which is based on a design? by Aidan Hedley, uses a Honeywell
magneto-resistive sensor IC*3, activated by a small, powerful rare earth magnet mounted on the
wheel shroud. This sensor has no moving or optical parts and is completely free of optical
interference. It also draws much less current than most optical sensors.

Using a magnet of the type suggested below, the absolute maximum operating distance of the
prototype is approximately 60mm (face of magnet to face of sensor). In practice a maximum
operating distance of approximately 30-40mm is recommended.

Figure 22 — Magneto-Resistive Sensor Demonstration

The sensor PCB contains all the components of the sensor, including the magneto-resistive sensor
itself, a diagnostic LED, and associated components. Build one sensor PCB for each bell you want to
connect to the simulator.

Parts List

Table 4 — Magneto-Resistive Sensor Board Parts List

Reference Component Notes

PCB Type 2 Magneto-Resistive Sensor PCB

R1 100Q 0.25W Metal Film Farnell 9341099
R2 1kQ 0.25W Metal Film Farnell 9341102
R3 10kQ 0.25W Metal Film Farnell 9341110
c1 100nF (0.1pF) 50V MLCC (2.54mm Radial) Farnell 1457655
LED1 Blue 3mm Farnell 1863182
D1, D2 SA5.0A Farnell 1886342
IC1 Honeywell 25552M Farnell 3111519
Connector AMP TE Connectivity 5406526-1%* Farnell 2452587
Operating Magnet | N52 grade, 20mm x 10mm Neodymium eBay

12 http://www.gremlyn.plus.com/ahme/mag_sen.html

13 http://sensing.honeywell.com/product-page?pr id=36114

14 The Amphenol RIHSE-5080-02 connector originally specified is no longer stocked by Farnell. The alternative
AMP TE Connectivity part 5406526-1 is a direct replacement.
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Parts
The following photograph shows the complete set of parts required for one Magneto-Resistive
Sensor Board.

Figure 23 — Magneto-Resistive Sensor Board Parts

PCB Layout
The following diagram shows the layout of a Magneto-Resistive Sensor PCB. All components are
mounted on the top (silkscreen) side of the board.

30.48

48.26

Figure 24 — Magneto-Resistive Sensor Board Layout

Construction
All the components on the Magneto-Resistive Sensor Board are mounted on top, silkscreen, side of

the board.

e If your Sensor Board came from a panelized PCB, lightly file down any remaining nibs from
the edges of the board. The board is intended to be a close fit in the suggested enclosure.

e Sensors can be constructed as right-handed or left-handed, to suit the installation in the
belfry. Fit sensor U1 and capacitor C1 at positions U1A/C1A for a right-handed sensor (as
shown in the pictures in this section), or at U1B/C1B for a left-handed sensor.

e Start by fitting the sensor IC. Carefully bend the pins through 90 degrees using needle nose
pliers, so that the sensor sits flat against the PCB, with the end of the sensor flush with the
edge of the board.
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e Then solder the remaining components, starting with those with the lowest profile
(resistors, ceramic capacitors), then the remainder of the components in order of increasing
height, ending with the RJ45 socket.

e Pay close attention to the correct orientation of the polarised components D1, D2, U1, LED1.

e The mounting lugs of the RJ45 connector clip into the holes in the PCB. Make sure the
connector pins are correctly aligned with the holes before clipping the connector into the
board.

e There is an additional mounting hole in the PCB which allows for the dual RJ45 connector to
be replaced with a single RJHSE-5080 version in the “Interface” position. This is optional and
intended for a sensor to be located at the end of a chain of sensors. To allow for maximum
flexibility when cabling the sensors, you may choose to fit dual connectors to all sensor
boards.

A completed right-handed Magneto-Resistive Sensor PCB is shown in the following photograph.

INTY Nl X

Liverpool Simulator Lpe

Gev B
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Figure 25 — Completed Magneto-Resistive Sensor PCB (Right-Handed)
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Infra-Red & Other Sensors
The Generic Sensor Board is designed to allow other types of sensor to be connected to the

simulator interface, provided these are electrically compatible with the system?®. It can also be used

to build alternative infra-red sensors similar to those used in the original Liverpool Ringing Simulator.

Parts List

Table 5 — Generic Sensor Board Parts List

Reference Component Notes

PCB Type 2 Generic Sensor PCB

R1 100Q 0.25W Metal Film Farnell 9341099
R2 1kQ 0.25W Metal Film Farnell 9341102
R3 10kQ 0.25W Metal Film Farnell 9341110
Cc1 100nF (0.1uF) 50V MLCC (2.54mm Radial) Farnell 1457655
LED1 Yellow 3mm Farnell 2112098
D1, D2 SA5.0A Farnell 1886342

Sensor Header

1x3-pin 0.1” Male Header
(cut from a longer strip)

CPC CN18761 eBay

Connector

AMP TE Connectivity 5406526-11°

Farnell 2452587

Infra-Red Sensor

E18-D80ONK Infra-Red Obstacle Sensor

Hobby Components?’
4tronix'®

15 See Technical Reference Guide for more information.
16 The Amphenol RIHSE-5080-02 connector originally specified is no longer stocked by Farnell. The alternative
AMP TE Connectivity part 5406526-1 is a direct replacement.
17 http://hobbycomponents.com/sensors/213-ir-infrared-obstacle-avoidance-sensor-e18-d80nk

18 https://shop.4tronix.co.uk/collections/sensors/products/ir-infrared-obstacle-sensor
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PCB Layout
The following diagram shows the layout of a Generic Sensor PCB. All components are mounted on
the top (silkscreen) side of the board.

30.48

INTERFACE NEXT

Liverpool Simulator Type Z Generic Sensor

48.26

Figure 26 — Magneto-Resistive Sensor Board Layout

Construction
All the components on the Generic Sensor Board are mounted on top, silkscreen, side of the board.

e If your Sensor Board came from a panelized PCB, lightly file down any remaining nibs from
the edges of the board. The board is intended to be a close fit in the suggested enclosure
when used to build an infra-red sensor.

e Solder the components, starting with the components with the lowest profile (resistors,
capacitor), then the remainder of the components in order of increasing height, ending with
the RJ45 socket.

e Pay close attention to the correct orientation of the polarised components D1, D2, LED1
(and to the connection to the infra-red sensor, if used).

o  The mounting lugs of the RJ45 connector clip into the holes in the PCB. Make sure the
connector pins are correctly aligned with the holes before clipping the connector into the
board.

e There is an additional mounting hole in the PCB which allows for the dual RJ45 connector to
be replaced with a single RJHSE-5080 version in the “Interface” position. This is optional and
intended for a sensor to be located at the end of a chain of sensors. To allow for maximum
flexibility when cabling the sensors, you may choose to fit dual connectors to all sensors
boards.
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A completed Generic Sensor PCB is shown in the following photograph.

Figure 27 — Completed Generic Sensor PCB

39



Type 2 Simulator — Build & Installation Guide 0.6

Infra-Red Sensor

As an alternative to the magneto-resistive sensors, an infra-red sensor can be built based on a
commercially available modulated infra-red detector unit, marketed as an “obstacle sensor” for
educational robotics projects. These sensors are available pre-assembled and are relatively
inexpensive, and consequently the sensors are relatively straightforward to construct.

e The sensor emits and detects infra-red light modulated at high frequency. This makes the
sensor much less sensitive than visible light or unmodulated infra-red sensors to
interference from ambient lighting conditions.

e A 30mm length of 20mm black plastic conduit is used as a light shield. Once the sensor is
fitted to the enclosure, lightly file or sand the exposed threads so that the shielding tube is a
firm tight push fit on the end of the sensor.

e The infra-red sensor is mounted through the side of an enclosure using the plastic nuts
supplied with the sensor. These should be tightened finger-tight only; do not use tools.

e |tis essential to check that order of the wires in the sensor connector matches the order of
the pins. The red (+5V) wire should go to the leftmost pin, the black (0V) wire to the centre
pin, and the yellow (signal) wire to the rightmost pin.

e If the wires in the connector are in a different order, re-arrange them by gently prising up
the plastic tabs and sliding the pin out of the housing. Slide them back in in the correct
order, ensuring that the plastic tabs are gently pushed down to lock them in place.

The wiring of the infra-red sensor is illustrated in the following diagram:

Generic Sensor Board
Sensor Connector
N
ov
5v

Infra-Red Sensor Wiring
(Infra-Red Sensor to 3-Pin PCB Header Socket)

Figure 28 — Infra-Red Sensor Wiring
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Enclosures

The suggested enclosures for the Simulator Interface, Power Board and Sensors are from the “Really
Useful” series of plastic boxes, widely available from hobby and stationery shops, or direct from the
manufacturer?®®,

e Drilling large diameter holes with twist drills can result in bit grabbing and damage to the
enclosure. Use a 20mm hole saw? for cable holes, this makes the process of drilling the
enclosure much easier and safer.

e Support the inside surface of the enclosure with a block of scrap wood when cutting the
holes and cut at a low speed.

e Clean up any rough edges or swarf with a sharp knife.

e Drill any additional holes required in the base of each sensor enclosure to suit your
mounting method.

e (Cables are run into the enclosures via PVC grommets, which provide some protection
against dust and moisture.

Parts List
Table 6 — Enclosures Parts List

Reference Component Notes

Simulator Interface Board | Really Useful Box® 0.75 Litre 195 x 135 x 55mm

Power Board Really Useful Box® 0.75 Litre 195 x 135 x 55mm
Magneto-Resistive Sensor | Really Useful Box® 0.07 Litre 90 x 65 x 30mm, 1 per Sensor
Infra-Red Sensor Really Useful Box® 0.14 Litre 90 x 65 x 55mm, 1 per Sensor
Grommets 20mm Closed Grommets Screwfix 18603

19 http://www.reallyusefulproducts.co.uk/
20 Frequently used by electricians.
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Simulator Interface & Power Boards Enclosure

The following diagram shows the holes required in a 0.75 litre Really Useful for both the Simulator
Interface and Power boards.

Interface & Power Board Enclosures

15mm

A

15mm

v

Really Useful Box® 0.75 Litre
Drilling Guides

Figure 29 — Simulator Interface & Power Board Enclosure Drilling Guide

Magneto-Resistive Sensors Enclosure

The following diagram shows the hole required in a 0.07 litre Really Useful for the Magneto-Resistive
Sensor Board. The hole will catch the overhanging lip of the box slightly; this does not matter. There
is no difference between right-hand and left-hand sensors.

Magneto-Resistive Sensor Enclosure

11mm
\J

Really Useful Box®0.07 Litre
Drilling Guide

Figure 30 — Magneto-Resistive Sensor Enclosure Drilling Guide
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Infra-Red Sensors Enclosure
The following diagram shows the holes required in a 0.07 litre Really Useful for an infra-red sensor
using the Generic Sensor Board. Cut the 18mm hole to suit either a right-hand or left-hand

installation as needed.

Infra-Red Optical Sensor Enclosure

28mm

11lmm
ye— o Y

Really Useful Box®0.14 Litre
Drilling Guide

Figure 31 - Infra-Red Sensor Enclosure Drilling Guide

Grommets
Cables are run into the enclosures via PVC grommets, which provide protection against dust and

moisture.

e Drill one or two holes in each closed grommet. A diameter of 4.5mm should ensure a snug fit
around the RJ45 cables, but this can be adjusted to suit.

e For sensors, offset the holes slightly, as shown in the twin hole example below, as this allows
the cables to sit closer to the base of the enclosure.

e Using a sharp knife, make a cut as shown from the hole (link the holes if there are two),
through the edge of the grommet.
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The following diagram shows examples of the holes and cuts required in the grommets.

Figure 32 — Grommets Drilled & Cut
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Completed Assemblies

Simulator Interface
The following photograph shows a completed Sensor Interface, with cables installed for four chains

of sensors.

Figure 33 — Completed Sensor Interface

Power Board
The following photograph shows a completed Power Board, with a USB-Serial adapter also inside the

enclosure.

Figure 34 — Completed Power Board
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Magneto-Resistive Sensor

The following photograph shows a completed Magneto-Resistive Sensor. The PCB is a snug fit in the
bottom of the enclosure. If the sensor is to be mounted vertically, a cable tie around the RJ45 cables
on the inside of the box will stop the board from slipping down the inside of the box.

Figure 35 — Completed Magneto-Resistive Sensor

Infra-Red Sensor
The following photograph shows a completed infra-red sensor, using a Generic Sensor Board.

Figure 36 — Completed Infra-Red Sensor
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Firmware Upload
Note: If you have obtained a microcontroller from the project with the firmware already uploaded
to it, you can skip the whole of this section, and move on to the Installation section.

The firmware for the Simulator Interface Board is released under the GNU General Public Licence
(GPL), Version 3, and the source code and other supporting files can be downloaded from GitHub.

e https://github.com/Simulators/simulator-type2

The Simulator Interface firmware is held in non-volatile flash memory on the ATmega328P
microcontroller. It should only be necessary to re-upload the software in the event that the
microcontroller is replaced, the flash memory has become corrupted, or the Simulator Interface
firmware requires updating.

The firmware code needs to be uploaded to the microcontroller on the Simulator Interface PCB.
Although the software development environment is based on the Arduino platform, the Simulator
Interface does not use the Arduino bootloader, and it is not possible to upload the firmware over the
interface’s RS-232 serial port. Firmware is uploaded using a hardware programmer via the ICSP
header pins provided on the interface PCB.

There are three main options for the hardware programmer:

e Adedicated hardware ISP programmer such as the AVR ISP?L.
e An Arduino add-on board or shield such as the Arduino ISP?* or similar shield.
e An Arduino board (with one additional component) used as an ISP programmer.

The last of these requires no special hardware, and is the approach described in this document.
There are also many tutorials online, including on the Arduino website?,

21 http://www.atmel.com/tools/avrispmkii.aspx
22 http://www.arduino.cc/en/Main/ArduinolSP
2 http://www.arduino.cc/en/Tutorial/ArduinolSP
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Hardware Programmer Options

The following photograph shows two examples of hardware programmers. On the left, an
ArduinolSP device is connected directly the ICSP programming pins of a completed Simulator
Interface PCB. On the right, a generic programming shield (mounted on an Arduino Uno board) can
be used to upload firmware to the microcontroller before it is installed on the Simulator Interface
PCB.

Figure 37 — Hardware Programmers

If you have access to a hardware programmer, then you can use this to upload firmware to the
ATmega328P microcontroller. This guide describes an alternative method adapting an Arduino Uno
board as a programmer.
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Preparing the Environment
Perform the following steps to prepare the PC software environment for compiling and uploading
the Simulator Interface firmware:

e Download and install the latest Arduino IDE package?*. At the time of writing this was
version 1.6.12.
e Start the IDE, and open the program preferences by selecting File | Preferences.

T v i e 5
Edit Sketch Tools Help
New Ctrl+N
Open... Ctrl+0
Open Recent
Sketchbook
Examples
Close Ctrl+W
Save Ctrl+5S
Save As... Ctrl+Shift+5

e, to run repeatedly:
Page Setup  Ctrl+Shift+P
Print Ctrl+P

Preferences  Ctrl+Comma I

Quit Ctrl+Q

Figure 38 — Arduino IDE Preferences Menu

24 http://www.arduino.cc/en/Main/Software
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|

Preferences

Settings | Network

Sketchbook location:

C:\andrew \Arduino

Editor language: :System Default - (requires restart of Arduino)
Editor font size: 12
Interface scale: Automatic | 100 % (requires restart of Arduino)

Show verbose output during: compilation upload
Compiler warnings: :Ncne -

|| Display line numbers

|| Enable Code Folding

Verify code after upload

[] Use external editor

Check for updates on startup

Update sketch files to new extension on save (.pde -= .ino)
Save when verifying or uploading

Additional Boards Manager URLs: I https://simulators. github.io fpackage_simulators_boards_index.json I E

More preferences can be edited directly in the file
CiWserslandrew Instone-Cowie\AppDataLocal\Arduine 15\preferences. bt

(edit only when Arduino is not running)

Figure 39 — Arduino IDE Sketchbook Location

e Make a note of the Sketchbook Location path. This is the directory into which the Simulator
Interface firmware must be downloaded in a later step.
e Add the URL for the Liverpool Simulator Project boards to the Additional Boards Manager
URLs field. The URL is:
https://simulators.github.io/package_simulators_boards_index.json
e Close the preferences dialogue by clicking OK.
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Open the Boards Manager by selecting Tools | Board | Boards Manager.

File Edit Sketch Help

Aute Format
Archive Sketch
Fix Encoding & Reload

Serial Monitor

sketch_jan18a

vold setup()

// put your Serial Plotter

WiFil01 Firmware Updater

veid loop() Board: "Arduino Yin"
Jf put your
Port

1 Get Board Info

Programmer: "Arduing as ISP"

Burn Bootloader

Ctrl+T

Ctrl+Shift+M
Ctrl+Shift+L

Boards Manager...

Arduino AVR Boards

@ Arduine Ydn
Arduino/Genuing Uno
Arduino Duemilanove or Diecimila
Arduino Nana
Arduino/Genuine Mega or Mega 2560
Arduino Mega ADK
Arduino Leonardo
Arduino/Genuine Micro
Arduino Esplora
Arduino Mini
Arduino Ethernet
Arduino Fie
Arduino BT
LilyPad Arduine USE
LilyPad Arduine
Arduino Pro or Pro Mini
Arduino NG or older
Arduino Robot Control
Arduino Robot Motor
Arduino Gemma
ATtiny Microcantrollers
ATtiny25/45/85
ATtiny24,/44,/84

Figure 40 — Arduino IDE Boards Manager Menu
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e Scroll down to the entry Liverpool Ringing Simulator Boards, click on the entry, and
then click Install. Then close the Boards Manager by clicking OK.

Type [l

EFOWO 2300 U IN0vamc- T

Boards included in this package:
EMoRo 2560. Board based on ATmega 2560 MCU.

Cnline help
Maore info

AMEL-Tech Boards by replaced by Arrow Boards
Boards included in this package:
SmartEverything Fox.

Cnline help

More info

I Liverpool Ringing Simulator Boards by Liverpool Ringing Simulator Project I
oards included n IS package:

Simulator Interface Board (ICSP), One Bell Simulator Interface Board (ICSP), 38kHz Simulator Sensor Interface Boards (ICSP),
Prototype Splitter Box Board (ICSP), Twin Sensor Interface Board (ATmega328F) (ICSP), Twin Sensor Interface Board (ATtiny85)
(1cse).

Maore info

Figure 41 — Arduino IDE Board Manager

e Re-start the Arduino IDE.

The environment is now ready to set up the programmer.

Preparing the Programmer
The programmer is an unmodified Arduino Uno board running a sketch which allows it to operate as
an ISP programmer.

This requires an Arduino Uno board, and a Type A to Type B USB cable (sometimes known as a
printer cable).

Figure 42 — Arduino USB Cable

The Arduino website has instructions?® on connecting the Arduino board to a computer, installing
drivers and setting up the IDE.

Perform the following steps to prepare the programmer Arduino Uno board:

% http://arduino.cc/en/guide/windows
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Connect the B end of the USB cable to the Arduino Uno board to be used as the
programmer. From now on this board is referred to simply as the programmer.

Connect the A end of the USB cable to the computer.

Follow the instructions on the Arduino site to install drivers (if necessary), and select the
correct port and board type for the programmer in the IDE.

Open the ArduinolSP software sketch (supplied as part of the default IDE installation) in the
Arduino IDE by selecting it from the File | Examples menu.

(R P
Edit Sketch Tools Help

Mew Ctrl+N

Open... Ctrl+0

Open Recent 4 I

Sketchbook 4 0

Examples ! Built-in Examples

Close Ctrl+W 01.Basics 4

Save Ctrl+5 02.Digital 4

Save As... Ctrl+Shift+5 03.Analog 4

PageSetup  Ctrl+Shift+P 04 Communication '

Print Ctrl+P 05-Contrel ’

06.5ensors 4
Preferences  Ctrl+Comma 07.Display 4
Quit Ctrl+Q RSimsE

09.USB
10.5tarterKit_BasicKit
11.ArduinolSP

Examples for any board
Bridge

Ethernet

Firmata

GSM

LiquidCrystal

SD

Servo o vin on comT

Figure 43 — Arduino IDE ISP Sketch Loading
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e Onthe Tools menu, ensure the correct board type for the programmer is selected
(Arduino/Genuino Uno, not Simulator Interface Board (Type 2) (ICSP)) and port. Correct these
if necessary.

File Edit Sketch Help

Auto Format

Archive Sketch

Ctrl+T

ArduinolsP

Fix Encoding & Reload
/{ RrduinoISH Serial Monitor Ctrl+Shift+M
// Copyright Serial Plotter Ctrl+ Shift+ L

S/ If you req|

4 BEEDS/ \WiFi101 Firmware Updater o

i

// This sketc Board: "Arduino/Genuino Uno" ) Boards Manager...

// using the - -

i Port ! Arduino AVR Boards
// PBin 10 is Get Board Info Arduing Yin

1" I o : :

// By default Programmer: "Arduing as ISP" BuinmniBeomnliing

. Arduine Duemilanove or Diecimila
/f to communi Burn Bootloader

/f on the ICSE/SFI header: Arduino Nano

I Arduino/Genuino Mega or Mega 2560
£ MIS0 ®. . 5V (!} Avoid this pin on Du Arduino Mega ADK

i SCK . . MOSI

i . . GND Arduine Leonarde

I Arduine/Genuinc Micro
<

Arduino Esplora
Arduine Mini
Arduino Ethernet
Arduino Fio
Arduino BT

LilyPad Arduino USE
LilyPad Arduino

Arduino Pro or Pro Mini

Auto Format Ctrl+T
Archive Sketch

Fix Encoding & Reload

// RrduinolSE Serial Monitor Ctrl+Shift+M

ArduinolsP

// Copyright
ff If you req
1 BEED:/l wWiFi101 Firmware Updater

i

/f This sketg Board: "Arduino/Genuino Uno”

i s
j:: using the Port: "COM7 (Arduino/Genuino Unc)" Serial ports

/F Pin 10 is Get Board Info COML

/" o . COMT (Arduino/Genuine Un)
// By default Programmer: "Arduino as ISP

Serial Plotter Ctrl+Shift+L

J/ to communi Burn Bootloader

Figure 45 — Arduino Programmer Port Selection
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Click the upload (arrow) button on the IDE toolbar. The ArduinolSP code will be compiled
and uploaded to the programmer. Verify that the upload completed successfully by looking
for the Done uploading message.

|25 ArduinolSP | Arduino 1.6.12 o= S
File Edit Sketch Tools Help

ArduinoISP

Copyright (c) 2008-2011 Randall Bohn

If you require a license, see
http://wwW.opensource.org/licenses/bad-1icense.php

This sketch turns the Arduino into a ZVRISFE
using the following arduinc pins:

Pin 10 is used to reset the target microcontroller.

By default, the hardware 3PI pins MIS0, MOSI and 5CK pins are U
to communicate with the target. On all Arduincs, these pins car
on the IC5E/SPI header:

MISO °. . 5V {!) Rvoid this pin on Due, Zero...
SCK . . MOSI
. GND

Figure 46 — Arduino IDE ISP Upload

A failed upload will be indicated by error messages in the status area at the bottom of the
IDE window.

Disconnect the USB cable from the programmer.
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e Connect a 10uF 25V electrolytic capacitor between the Reset and Ground pins of the
programmer, negative side to Ground. This prevents the IDE from resetting the programmer

and overwriting the ArduinolSP software, and allows the IDE to program the Simulator
Interface.

O 0) LMK
&

TR R
I RX (iR ARDUINO

Figure 47 — Programmer with Capacitor

e Reconnect the USB cable to the programmer.

The programmer is now ready for use.

Setting the Fuses

Perform the following steps to set the microcontroller “fuses”. The fuses and their values are
explained in the Technical Reference Guide.

e Disconnect the USB cable from the programmer.

e Connect the ICSP pins on the Simulator Interface to the ICSP pins on the programmer with
jumper wires as shown in the following diagram.

e Pin 1 on the Simulator Interface PCB is bottom left, identified by a white dot.

e Pin 1on the programmer is top left. Note that pin 5 on the Simulator Interface PCB is
connected to pin 10 on the programmer.

Programmer Interface
Arduino Uno Board
- N
102
S

Pin 10

ICSP Programming Connections

Figure 48 — Programmer Connections
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e The following photograph shows the programmer connected to an interface board, including
the connection to pin 10 of the programmer (yellow wire), not to the ICSP pin.

Figure 49 — Programmer Connected to Interface Board

e Reconnect the USB cable to the programmer.
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e Onthe Tools | Board menu, ensure the correct target board type to be programmed has
been selected, in this case Simulator Board Interface (Type 2) (ICSP)?®.

T i | ke 163 PEppEn
File Edit Sketch Help

Auto Format

Archive Sketch

Fix Encoding & Reload
/4 RrduincISH Serial Monitor Ctrl+Shift+M

07 i Serial Plotter Ctrl+ Shift+L
/i If you req

" BEED:/ WiFi101 Firmware Updater

Ctrl+T

ArduinolSP

I
/¢ This sketc Board: "Simulator Interface Board (Type 2) (ICSP)" ) &
// using the Port \ Boards Manager...
7 R
// Bin 10 is Get Board Info Arduino AVR Boards
17 Arduing Yin
- " ¥
// By default Programmer: "Arduino as ISP Arduine/Genuine Uno
// to communi| Burn Bootloader . . L
Arduine Duemilanove or Diecimila
// on the ICSF/SPFI header:
17 Arduine Nano
£ MISO °. . 5V (!) Avoid this pin on Due, Zero... Arduine/Genuino Mega or Mega 2560
& SHE = o GESR Arduino Mega ADK
I . . GND

Arduine Leonardo

Arduine/Genuino Micro
Arduino Esplora
Arduine Mini

Arduino Ethernet
Arduine Fio

Arduino BT

LilyPad Arduino USB
LilyPad Arduino
Arduine Pro or Pro Mini
Arduine NG or older
Arduine Robot Control
Arduine Robot Motor

Simulator Inte oard [Ty { an GO,

Arduino Gemma

ATtiny Microcontrollers

ATtiny25,/45/85

ATtiny24/44/84

Liverpool Ringing Simulator Boards

Simulator Interface Boa_rd (Type 1) (ICSP)
Simulator Interface Board (Type 2) (IC5P)

One Bell Simulator Interface Board (ICSP)
38kHz Simulator Sensor Interface Boards (ICSP)

Prototype Splitter Box Board (ICSP)
¥

Figure 50 — Arduino IDE Target Board Selection

%6 |f the Liverpool Ringing Simulator Project boards are not listed, go back and check that the boards have been
installed in the Boards Manager.
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e Onthe Tools | Programmer menu, select Arduino as ISP as the programmer type.

Auto Format
Archive Sketch
Fix Encoding & Reload
f{ RrduincISE| Serial Monitor Ctrl+ Shift+M

// Copyright Serial Plotter Ctrl+Shift+L
f4 If you req

" BEER:/ \wiFi101 Firrnware Updater
"

/# This sketc Board: "Simulator Interface Board (ICSP)" 4
// using the

ArduinolSP

Iy Port: "COMT (Arduino/Genuinc Uno)" 4

/¢ PFin 10 is Get Board Info

I

// By default Programmer: "Arduino as ISP" ¥ AVR ISP

// to communil Burn Bootloader AVRISP mkll

// on the ICSF/SFI header: USBtinyISP

jj MISO °. . 5V {!} Avoid this pin on Due, Zero Bl

7y SCK . . MOSI UsBasp

fr -« GND Parallel Programrmer

44 I @ Arduino as ISP I
Arduino Gemma
Atmel 5TK500 development board
BusPirate as ISP

Figure 51 — Arduino IDE Programmer Selection
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e Onthe Tools menu, select Burn Bootloader. The microcontroller fuses on the Simulator
Interface Board will be set. Verify that the burn process completed successfully by looking
for the Done burning bootloader message.

(% ArduinolSP | Arduing L6. [~
File Edit Sketch Help

Auto Format Crl+T
Archive Sketch
Fix Encoding 8 Reload
f/ RrduinolSF Serial Monitor Ctrl+Shift+M
right Serial Plotter Ctrl+Shifts L

WiFil01 Firmware Updater

/ Thisz sketc Board: "Simulator Interface Board (ICSP)"

! ing the

fonsng Port: "COMT (Arduino/Genuino Uno)"
Pin 10 is Get Board Info

v default Programmer: "Arduino as [SP"

communi Burn Bootloader

n the ICSESS [l To i) oM

. 5V {!) Awoid this pin on Due, Z
. MOST

. GND

Figure 52 — Arduino IDE Burn Bootloader

e Important note: If a microcontroller previously used in an Arduino board is to be re-used on
the Simulator Interface board, carry out the steps above to set the fuses before removing
the microcontroller from the donor Arduino. Brand new ATmega328P-PU microcontrollers
should be configured to use the 8MHz internal clock by default, but ones previously used on
an Arduino will be configured to require an external crystal clock. Once you have set the
fuses, move the microcontroller from the donor Arduino to the Simulator Interface Board.

o Note that if new firmware is being uploaded to an existing Simulator Interface Board, there
should be no need to go through the steps to set the fuses every time, unless a change in
fuse values is required by the new firmware.

The microcontroller is now ready for firmware upload.

Firmware Upload
Perform the following steps to upload the Type 2 Simulator Interface firmware to the board.

e Connect the Simulator Interface Board to the programmer as described in the previous
section.
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e Download and install the MemoryFree?” and VTSerial® libraries. For convenience these
libraries are can also be found in the GitHub repository with the Simulator Interface
firmware. Note that the libraries can be installed straight from the compressed zip files by
selecting Add .ZIP Library from the Sketch [ Include Library menu.

| 2% Simulatorlnterface_v2_4 | Arduino 1.6.12 [ e
File Edit Tools Help

oo Verify/Compile Ctrl+R B |

Upload Ctrl+U

Simulg Upload Using Programmer  Ctrl+5Shift+U

_Functions EEFPR ¥ _Fu

Export compiled Binary Ctrl+Alt+5

m| w

Show Sketch Folder Ctrl+K
Include Library ' Manage Libraries...

Add File...
Add ZIP Library...

Arduino libraries
Bridge
EEPROM
Esplora
Ethernet
Firmata
HID
Keyboard
- Mouse
Robot Control
Robot IR Remote
Robot Motor
SD
SPI
SoftwareSerial

SpacebrewYun

Simulator |

Tomb,

Figure 53 — Arduino IDE Add Library

e Download the Simulator Interface firmware from GitHub and unpack the files into the
Arduino IDE sketchbook directory noted earlier. Note that all the firmware files must be
unpacked into the directory; it is not possible to compile the firmware code from within a
downloaded zip file.

e Load the firmware into the Arduino IDE by double clicking the name of the main file in
Windows Explorer, e.g. Type2interface_v3_2.ino.

e Onthe Tools | Board menu, as above ensure that the correct board type to be programmed
has been selected, in this case Simulator Board Interface (Type 2) (ICSP).

27 https://github.com/maniacbug/MemoryFree
28 http://www.hobbytronics.co.uk/tutorials-code/arduino-tutorials/arduino-vtserial-library
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e Onthe Tools | Programmer menu, as above select Arduino as ISP as the programmer type.

o  Click the upload (arrow) button on the IDE toolbar. The Simulator Interface firmware will be
compiled and uploaded to the interface board. Verify that the upload completed successfully
by looking for the Done uploading message.

e =
o o n ﬂ Upload E [

Typelinterface_v3_2 CLI_Functions Dehug_Functions EEFROM_Funct ™ s

Figure 54 — Arduino IDE Firmware Upload

e A failed upload will be indicated by error messages in the status area at the bottom of the
IDE window.

e When the upload has completed the Simulator Interface board will be reset, and on
restarting the yellow diagnostic LED will flash according to the firmware version, for example
three long and two short flashes indicates firmware version 3.2.

e Disconnect the USB cable from the programmer.

e Disconnect the programmer from the Simulator Interface Board.

e Note that when uploading new firmware to an existing Simulator Interface Board, the Sensor
Head Cables and the Power/Data Cable must be disconnected from the Simulator Interface.

The Simulator Interface board now has the firmware installed and is ready for final assembly.
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Simulator Installation

Simulator Interface

The Simulator Interface is located in the belfry, in a location convenient for routing cables to the
sensors and the power/data cable down to the ringing room. Try to pick a sheltered location where
the interface will be out of the way.

The following picture shows the Simulator Interface at Lois Weedon in the belfry. Note the two
cables for chains of sensors.

Figure 55 — Installed Simulator Interface

The Simulator Power/Data Cable is routed from the Simulator Interface down to the Simulator PC.

e The cable should be secured to prevent the weight of the cable pulling on the connectors.
e The minimum diameter of any holes along the cable route is approximately 12mm, to allow
the RJ45 connector to pass through (unless you are making your own cables in-situ).
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Power Board
The Power Board enclosure is located near the Simulator PC. There is enough room in the enclosure
to house a USB-Serial adapter, if one is required.

Power Supply
A plug-in power supply is required to supply power to the Simulator Interface via the Power Board.

o Aregulated DC power supply rated at least 1 Amp with multiple selectable output voltages is
recommended, for example Farnell 2802689 or similar.

e The output connector required is 2.1mm x 5.5mm, centre pin positive.

e The output voltage of the power supply should be adjusted so that the supply voltage at the
input to the Simulator Interface (measured at TP6) is at least 7.5 volts, with all sensors
connected.

e The supply voltage may be higher than that required to maintain 7.5 volts at the Interface,
but this will result in increased heat dissipation from the voltage regulator.

e Asaguideline, a supply voltage of 9V is generally sufficient to maintain the required voltage,
with a 25m Power/Data cable.

Sensor Mounting

The magneto-resistive sensors are attached to the bell frame, such that the centre of the magnet is
positioned directly opposite the axis of the sensor IC when the bell is down, with a clearance of not
more than approximately 30-40mm. The means of mounting the sensors will need to be adapted to
suit local conditions, but some examples are shows below.

Sensors can be mounted vertically or horizontally.

The following photographs show magneto-resistive sensors installed at Lois Weedon, using locally
made timber brackets clamped around a wooden bell frame with threaded rod. The magnet mounts
are also visible.

Figure 56 — Installed Sensor (Lois Weedon 4th)
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R —EE

Figure 57 — Installed Sensor (Lois Weedon 6t")

The following photograph shows a (Type 1) optical sensor installed at Chirk, on a timber support
secured to the metal bell frame with cable ties. The reflectors on the wheels can also be seen.

Figure 58 — Installed Sensor (Chirk)
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Magnet Mounting

The magneto-resistive sensor is triggered by a small rare-earth magnet mounted on the shroud of
the wheel, such that the magnet is opposite the centre of the Sensor Head (i.e., co-axial with the
2SS52M sensor IC) when the bell is at the bottom of its swing.

The magnet used is a N52 grade rare earth magnet, 20mm diameter x 10mm thick. The following
mounting is suggested for a permanent installation: The trigger magnet is mounted in a “flange” cut
from 12mm WBP plywood, which is then fixed to the shroud of the wheel using stainless steel
screws or double-sided tape.

The dimensions of the mounting flange are show in the following diagram:

80mm

12mm WBP Plywood

Figure 59 — Magnet Mounting Dimensions

The magnet mountings are constructed as follows:

e The shape of the mounting is marked out on a piece of WBP plywood, 12mm thick. A paper
template may be printed out and stuck temporarily to the wood with glue or double sided
tape. A suitable template is available from the GitHub repository as a PDF, and should be
printed out full size with no scaling.

e The centre hole for the magnet is drilled out with a 20mm spade bit. This should be used in a
bench drill press, if available, so that the hole is reasonably accurately cut and the magnet
will be a close fit.

e If the mounting is to be fixed to the wheel with screws, the screw holes are also drilled. It is
easier to drill all the holes before cutting the mount to size.

e The mounting is then cut and sanded to shape, and the remains of the template removed.
Do not sand the inside of the central hole.
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These steps are illustrated in the following series of pictures.

Figure 60 — Magnet Mounting Construction

The magnet is pushed into the central hole, and secured with a small amount of epoxy adhesive (e.g.
Araldite). The face of the magnet should be flush with the outer face of the mount, and note that for
the Honeywell sensor the polarity of the magnet is not important.

The following picture shows a completed magnet mounting, ready for painting.

Figure 61 — Completed Magnet Mounting

Care must be taken when handling the rare earth magnets, because they are both powerful and
brittle, and can strike a magnetic object with enough force to shatter the magnet. They are also
susceptible to corrosion, so must be painted or coated with a thin layer of epoxy.

Once painted the mounting can be fixed the wheel with pan head stainless steel self-tapping screws
3.5mm in diameter and 20mm — 25mm long; the screws should not protrude through the shroud of
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the wheel. Alternatively, the mount can be secured with double-sided tape, provided the surface of
the wheel is sound and free from dust.

Infra-Red Sensors
The sensor is attached to the bell frame in a similar way to a magneto-resistive sensor, such that the
sensor masking tube is perpendicular to the face of the shroud of the wheel.

Reflector
The sensor requires a reflector mounted on the shroud of the wheel, such that the reflector is
opposite the Sensor Head when the bell is at the bottom of its swing.

The reflector is made from a short length of white reflective automotive styling tape, 25mm wide
(which may be obtained from a car spares shop), positioned directly opposite the sensor tube when
the bell is down.

Calibration

As supplied, most of the infra-red detector sensor modules have been found to draw approximately
55 —60mA, much more than the specified 25mA, and were excessively sensitive. The small
calibration screw on the back end of the module may be used to reduce both the current
consumption and sensitivity of the detector.

A useful starting point for sensitivity adjustment has been found to be to reduce the sensitivity of
the sensor such that it does not trigger when placed perpendicular to a piece of grey card at a
distance of 90mm from the end of the detector. The multi-turn adjustment screw is turned anti-
clockwise until the indicator LED on the back of the module just goes out. This gives an effective
maximum trigger distance with the reflective tape of about 300mm. This also reduces the supply
current.

Fine adjustment of the sensor should then be carried out in the belfry for optimum sensitivity.
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Cabling

Power/Data Cable
The Power/Data Cable runs between the Power Board and the Simulator Interface Board.

e The cable is a standard straight-through (not crossover) Cat5e or Cat6 Ethernet network
cable, with RJ45 connectors. These are available ready-made, for example from Farnell or
CPC.

e The maximum length of cable tested is 25m, although longer cables may be feasible.

e Anexample of a 25m cable is Farnell part number 2575533.

Sensor Cables

The sensors are also cabled back to the Simulator Interface using standard Cat5e or Cat6 network
cables.

e The cables are a standard straight-through (not crossover) Cat5e or Cat6 Ethernet network
cable, with RJ45 connectors. These are available ready-made, for example from Farnell or
CPC.

e The maximum tested length of a chain of four sensors is 20m, made up of 4 x 5m cables,
although longer cables may be feasible.

e Anexample of a 5m cable is Farnell part number 1734948.

Sensors are wired in a “daisy chain” fashion, with each chain consisting of a maximum of four
sensors. The wiring of one chain is illustrated in the following diagram.

Interface

Sensor Sensor Sensor Sensor

INTERFACE Sg:;‘fm INTERFACE, NEXT INTERFACE| _NEXT INTERFACE| _NEXT

SENSOR SENSOR SENSOR

Do Not
Connect

Figure 62 — Sensor Daisy Chain

It is important to understand that there is no requirement to connect any particular sensor to any
specific bell, and no requirement that chains should consist of any particular number of sensors.

e The cabling should be arranged to suit the layout and constraints of the belfry.

e The relationship between Simulator Interface channels and bells will be managed in the
interface firmware. This is explained in a worked example later in this guide.

e There are obvious constraints for higher numbers of bells: A ring of 12 will require at least

three sensors on each chain, and a ring of 16 will require all four chains with four sensors
each.
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Computer Connection
The simulator Power Board is connected to the Simulator PC in the ringing room with a serial cable.
The type of cable required depends on the kind of serial port built into the PC.

9-Pin Serial Connector
The Simulator PC may be fitted with a 9-pin RS-232 serial or “COM” port, as illustrated in the
following diagram:

<ore
=
o @) =

OJIOIO

e
=
4)

I

Figure 63 — 9-Pin Serial Port

This type of serial port is common on older computers, but not often found on newer models.

If the Simulator PC has a 9-pin serial port, use a 9-pin Female to 9-pin Male straight-through? serial
cable to connect the computer to the simulator interface. Examples of suitable cables are Farnell
part 2444240 (1.8m), CPC part CS24423 (1m), or CPC part CS24424 (2m).

A typical cable, with the connectors required, is illustrated in the following photograph:

Figure 64 — 9-Pin Serial Cable

If your computer has both a 9-pin serial port and USB ports, use the 9-pin serial port.

29 A “straight-through” cable has pin 1 wired to pin 1, pin 2 to pin 2, and so on. Do not use a “null modem”
cable, which has more complex internal wiring and is not suitable.

70



Type 2 Simulator — Build & Installation Guide 0.6

USB Connector
More modern computers are likely to be fitted only with USB ports, as illustrated in the following

diagram:

-

Figure 65 — PC USB Ports
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In this case, use a USB-Serial adapter to connect the simulator Power Board to a spare USB port on
the Simulator PC. If necessary, a straight through serial cable as above can be used as an extension.

An example of a typical USB-Serial adapter is CPC part CS30877, illustrated in the following
photograph®. Note that an extension cable may be required if (as in this case) the adapter does not
have securing screws.

Figure 66 — USB to Serial Adapter

Install the drivers supplied with the adapter and identify the COM port number allocated (you will
need to know this later to configure your Simulator Software Package).

There is more information on USB-Serial adapters in the Technical Reference Guide.

30 If your computer has only “USB-C” or “USB 3” ports then you may require a different adapter.
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Interface Setup

The Type 2 Liverpool Simulator Interface is highly configurable, but most of the default settings
should be fine for most installations. There is detailed information about all the configuration
options in the Technical Reference Guide.

There are a couple of configuration options which you should set before using the simulator:
disabling unused sensor channels, and re-mapping sensors to bells. Configuration of the Simulator
Interface should only need to be done once. All settings are retained in non-volatile EEPROM when
the interface is powered off.

Connecting to the Interface

On the Simulator PC, ensure that a Simulator Software Package (e.g. Abel) is not running.
Close the Simulator Software Package down if it is running.

Download and install a serial terminal emulator package?!. This manual assumes the use of
the Open Source PuTTY terminal emulator.

Start the PuTTY terminal emulator by double-clicking the PUTTY icon on the desktop.

Configure a Serial connection using the COM port number of the serial port (e.g. COM1),
running at 2400 bps, and then click Open. You should not need to change any other settings
in PUTTY.

I% PuTTY Configuratiol [

Categary:
=3 Spssion Basic options for your PuTTY session
. i~ logging Specify the destination you wart to connect to
=) Teminal o
Serial line Speed
- Keyboard
- Bell CoM1 2400
- Features Connection type:
= Window () Raw () Telnet () Rlogin () SSH
g.ppea@nce Load, save or delete a stored session
- Behaviour
- Translation Saved Sessions
- Selection
- Colours I Load
=1+ Connection —
- Prosy 3
- Rlogin -
- 55H
- Senal Close window on exdt:
() Mways () Never @ Only on clean exit
About ] ’ Help I[ Cpen ]I[ Cancel

Figure 67 — PuTTY Configuration Dialogue

31 http://www.chiark.greenend.org.uk/~sgtatham/putty/
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Click on the PuTTY terminal window, then type “?” (question mark). There is no need to press
Enter. After a short pause the Simulator Interface will respond by displaying its current settings,

which may not be identical to these examples®2.

Software Version: 3.3
Hardware Version: Type 2
Zctive Debounce Timer (ms):
EEPRCM Debounce Timer (ms):
Active Guard Timer (cs): 10
EEPRCM Guard Timer (cs): 255

7

2
2

55

4
k4
4
1

k4
T
1

Serial FPort
Free Memory:
Debug Mode:
Settings not saved!
: B/G/E/S/B/R/D/E/T/? ]

Figure 68 — Display Interface Settings

Worked Example

The following worked example shows how to disable unused sensor channels, and re-map channels
when setting up the Simulator Interface. You should adapt the instructions in the worked example to

suit your installation.

Sensor Channels

Before configuring the interface, it is important to understand the difference between interface
sensor channels numbers, and numbers of the bells. The channel numbers are fixed as shown in the
diagram below: Channel 1 is always the first sensor on the first chain, channel 2 is always the second

sensor on the first chain, and so on up to channel 16.

32 The default PuTTY colour scheme is white (or coloured) text on a black background. In these examples this
has been reversed and reduced to black on white for better printing.
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Channels 13 - 16 13 14 15 16
Channels 9 - 12 9 10 12 12
Channels5- 8 5 6 7 8
Channels1-4 1 2 3 4

Figure 69 — Interface Channel Numbers

To re-iterate the guidance in the previous section, there is no requirement to connect any particular
sensor to any specific bell, and no requirement that chains should consist of any particular number
of sensors. The sensor cabling should be arranged to suit the layout and constraints of the belfry.
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Example Installation

The diagram below shows the sensor cabling for a mythical ring of six. The cables between the
sensors and the interface have been routed as shown, to avoid the clock wires, chiming hammers,
rope chutes and all the other things which clutter up the belfry. This example is deliberately
convoluted to show how the interface settings can be configured.

Treble

Tenor

Figure 70 — Example Sensor Cabling

As a result, the sensors on the bells are connected to the following channels. Channels 6, 7, 8, and 10
to 16 are not used.

.
4ﬂ‘ _____________________________________
Channels 9 - 12 9
.
Channels 5 - 8 5
Tenor Treble 2™ 3¢
Channels 1 -4 1 2 3 4

Figure 71 — Example Channel Connections
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These unused channels will be disabled on the simulator interface. There is no point scanning these
channels for sensor signals, as there are no sensors connected to them.

Channels 13 - 16 X X X X
4 ChamncisDisabled
Channels 9 - 12 9 X X X
5 777777777777777777777777777777777
Channels 5 - 8 5 X X X
Tenor | Treble 2" 3" |

Channels 1-4 1 2 3 4

Figure 72 — Disabled Channels

Default Settings
Open a terminal session to the interface using PuTTY, as described above.

e The “?” command shows the default settings:

Software Version: 3.3
Hardware Version: Type 2

Lctive Debounce Timer (ms): 2
EEFRCM Debounce Timer (ms): 255
Active Guard Timer (cs=): 10
EEPRCHM Guard Timer (cs): 255
Channel: 1 2 3 4 5

Enabled: ¥ ¥ Y ¥

Mapping: 1 2 3 4
Inmputs : 1 1 1 1

Y
5
1
Serial Port Speed: 2400

Free Memory: 1278
Debug Mode: OFF

Settings not saved!
: B/G/E/S/B/R/D/E/T/? ||

Figure 73 — Default Settings
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Disable Unused Channels

e To disable (or enable) channels, use the “E” command. There is no need to press Enter after
typing the “E”.

e Enter the number of each channel to be disabled, pressing Enter after each one. In the
example below, channels 6, 7, 8, and 10 to 16 are disabled.

e When you have finished, enter a zero (or just press Enter).

e The interface software will not allow you to disable all the sensors.

e These settings are not saved yet and will revert to the defaults if the interface power is
turned off. The settings will be saved later.

Serial Port Speed: 2400
Free Memory: 1278
Debug Mode: OFF
Settings not saved!
: B/G/E/S/P/R/D/H/T/? E
Channel: 1 2 3 4 5 6 7 8 9 10 11 12
Enabled: ¥ ¥ Y ¥ Y Y ¥ ¥ ¥ ¥ Y ¥
—» Toggle channel wvalue [1-16, O0=Domne]: &
Channel: 1 2 3 4 5 6 7 & 9 10 11 12
Enabled: ¥ ¥ ¥ Y Y - ¥ ¥ ¥ ¥ Y ¥
channel valuwe [1-16, O0=Done]: 7
2 5 € 7 &8 9 10 11 12
¥ ¥ - - ¥ ¥ ¥ ¥ ¥
channel valuwe [1-16, O0=Done]: &
5 & 7 8 9 10 11 12
¥ - - - ¥ ¥ ¥ ¥
channel wvalue [1-16, O0=Done]: 10
5 6 7 8 9 10 11 12
¥ - - - ¥ - ¥ ¥
channel wvalue [1-16, O0=Domne]: 11
5 6 7 &8 9 10 11 12
¥ - - - - - X
channel wvalue [1-16, O0=Dome]: 12
5 6 7 & 9 10 11 12
¥y - - - ¥ - - -
channel wvaluwe [1-16, O0=Done]: 13
5 € 7 &8 9 10 11 12
¥ - - - ¥ - - -
channel wvaluwe [1-16, O0=Done]: 14
5 & 7 8 9 10 11 12
¥ - - - ¥ - - -
channel wvalue [1-16, O0=Done]: 15
5 6 7 8 9 10 11 12
¥y - - - ¥ - - -
—>» Toggle channel value [1-16, O0=Domne]: 1&
Channel: 1 2 5 6 7 &8 9 10 11 12
Enabled: ¥ ¥ ¥ - - - - - -
—» Toggle channel wvalue [1-1&6, O=Done]:
Channel: 1 2 3 4 5 6 7 & 9 10 11 12
Enabled: ¥ ¥ ¥ ¥ ¥ - - - ¥ - - -
Settings not saved!
: B/G/E/S/B/R/D/E/T/? ||

Figure 74 — Disabling Channels Example
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Re-Map Channels to Bells

Although the mapping between the channel/sensor numbers and the real bell numbers can be
reconfigured in most Simulator Software Packages, it is less confusing if this is set in the simulator
interface.

In the example installation above, the interface channels are mapped to the real bells as follows:

Table 7 — Example Channel Mapping

Channel Bell

Ol WIN|KF
AU W|IN[FRLR|O

e To re-map a channel to a real bell number, use the “R” command. There is no need to press
Enter after typing the “R".

e Enter the number of each channel to be remapped, and press Enter.

e Then enter the number (or letter) of bell to which that sensor is attached, and press Enter.
The numbers and letters follow the usual ringing conventions, as shown in the table below:

Table 8 — Bell Numbers & Letters

Bells Bell Numbers/Letters
1to9 1-9

10 0

11 E

12 T

13to 16 A-D

Switches W-2

o letters W, X, Y and Z are used in Abel switch configurations, and are not normally used.
More information on switches can be found in the Technical Reference Guide.

e Repeat for all the other channels to be re-mapped. In the example below, channels 5 is
already allocated to the 5™, so no re-mapping is needed.

e When you have finished, enter a zero (or just press Enter).

e The interface software will warn you if duplicate mapping are defined, but will not prevent
you from saving such a configuration.

e These settings are not saved yet and will revert to the defaults if the interface power is
turned off. The settings will be saved later.

33 You may have a single interface serving both a ring of real bells and a set of training dumb bells, for example.
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Debounce Timer (ms): 2

Debounce Timer (ms):

Guard Timer (cs): 10

Guard Timer (cs): 255

5 10 11 12 14 15 16

3 4
Y ¥
3 4

1

Inputs : 1 1 1
Serial Port Speed: 2400

Free Memory: 1278

Debug Mode: COFF

Settings not saved!

: B/G/E/S/P/R/D/H/T/? R
Chamnnel: 1 2 3 4 5 66 7 8 9 10 11 12
Mapping: 1 2 3 4 5 - - - 9 - -

—> Remap chamnel number [1-16, O0=Done]: 1
Current Mapping: Channel 1 = Bell 1

—> Hew Mapping [1-20EIABCDWXYZ]: &
Chamnnel: 1 2 3 4 5 66 7 8 9 10 11 12
Mapping: 6 2 3 4 5 - - - 9 - -

—>» Remap chamnnel number [1-16, O0=Done]: 2
Current Mapping: Channel 2 = Bell 2

—> New Mapping [1-20EIABCDWXYZ]: 1
Chamnnel: 1 2 3 4 5 66 7 8 9 10 11 12
Mapping: 6 1 3 4 5 - - - 9 - -

—> Remap chamnel number [1-16, O0=Done]: 3
Current Mapping: Channel 3 = Bell 3

—> New Mapping [1-20EIABCDWXYZ]: 2
Channel: 1 2 3 4 5 66 7 8 9 10 11 12
Mapping: 6 1 2 4 5 - - - 9 - -

—> Remap chamnel number [1-16, O0=Done]: 4
Current Mapping: Channel 4 = Bell 4

—> Hew Mapping [1-20EIABCDWXYZ]: 3
Chamnnel: 1 2 3 4 5 66 7 8 9 10 11 12
Mapping: 6 1 2 3 5 - - - 9 - -

—> Remap chamnel number [1-16, O0=Done]: 9
Current Mapping: Channel 9 = Bell 9

—> Hew Mapping [1-20EIABCDWXYZ]: 4
Chamnnel: 1 2 3 4 5 66 7 8 9 10 11 12
Mapping: 6 1 2 3 5 - - - 4 - -

—> Remap chamnel number [1-16, O0=Done]: 0
Mapping: 6 1 2 3 5 - - - 4 - - -
Settings not saved!

: B/G/E/S/B/R/D/E/T/? ||

k4
5
1
4]

Figure 75 — Channel Re-Mapping Example

Save Settings
e Review your settings with the “?”command.

Software Version: 3.3
Hardware Version: Type 2
Zctive Debounce Timer (ms):
EEFRCM Debounce Timer (ms):
LActive Guard Timer (cs=): 10
EEPRCM Guard Timer (cs): 10

3 4
Y Y
2 3
1 1
Serial Port Speed: 2400

Free Memory: 1278

Debug Mode: COFF
: B/G/E/S/B/R/D/E/T/? ]

Figure 76 — Example Channel Connections
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e Finally, save the settings using the “S” command, and then close the terminal window.

Software Version: 3.3
Hardware Version: Type 2
Active Debounce Timer (ms): 2
EEFRCM Debounce Timer (ms): 255
Active Guard Timer (cs): 10
EEPRCM Guard Timer (cs): 255
10 11 12 13 14 15 1&

Free Memory: 1278

Debug Mode: OFF

Settings not saved!
: B/G/E/S/B/R/D/HST/? S

Debounce timer saved to EEFROM

Guard timer saved to EEPROM

Enabled channels saved to EEPROM

Channel/Bell mappings saved to EEPROM
: B/G/E/S/B/R/D/E/T/? ]

Figure 77 — Saving Interface Settings

Next Steps

You are now ready to move on to configure your chosen Simulator Software Package to work with
the simulator. Instructions for configuring the main Simulator Software Packages can be found in the
following guides:

e Configuring Abel Guide
e Configuring Beltower Guide
e Configuring Virtual Belfry Guide

If your Simulator Software Package is not listed above, please refer to the vendor’s instructions on
configuring their software to work with external sensors.
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Licensing & Disclaimers

Documentation

All original manuals and other documentation (including PCB layout CAD files and schematics)
released as part of the Liverpool Ringing Simulator project® are released under the Creative
Commons Attribution-ShareAlike 4.0 International License (CC BY-SA),3* which includes the following
disclaimers:

Unless otherwise separately undertaken by the Licensor, to the extent possible, the Licensor
offers the Licensed Material as-is and as-available, and makes no representations or
warranties of any kind concerning the Licensed Material, whether express, implied, statutory,
or other. This includes, without limitation, warranties of title, merchantability, fitness for a
particular purpose, non-infringement, absence of latent or other defects, accuracy, or the
presence or absence of errors, whether or not known or discoverable. Where disclaimers of
warranties are not allowed in full or in part, this disclaimer may not apply to You.

To the extent possible, in no event will the Licensor be liable to You on any legal theory
(including, without limitation, negligence) or otherwise for any direct, special, indirect,
incidental, consequential, punitive, exemplary, or other losses, costs, expenses, or damages
arising out of this Public License or use of the Licensed Material, even if the Licensor has been
advised of the possibility of such losses, costs, expenses, or damages. Where a limitation of
liability is not allowed in full or in part, this limitation may not apply to You.

Software
All original software released as part of the Liverpool Ringing Simulator project is released under the
GNU General Public Licence (GPL), Version 3%, and carries the following disclaimers:

This program is free software: you can redistribute it and/or modify it under the terms of the
GNU General Public License as published by the Free Software Foundation, either version 3 of
the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY;
without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR
PURPOSE. See the GNU General Public License for more details.

34 http://www.simulators.org.uk
35 http://creativecommons.org/licenses/by-sa/4.0/
36 http://www.gnu.org/licenses/gpl-3.0.en.html
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