N Gauge Modular Standards
(CHPR & Beyond)

In October 2008, the N Gauge Wing of BMRC visited the
Cromford Canal stretch that incorporated the Cromford and
High Peak Railway. To model the entire section between the
foot of the Sheep Pastures incline and the junction with the
former Midland Railway near Whatstandwell is not
practical, even in N Gauge — hence the decision to go for a
Modular approach and the birth of this document.
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Revision History

Ver Date Changes

1.0draft Oct/Nov 08

1.1 5/12/08 First Agreed Version

1.2 Jan 2009 Electrical section extended, agreed by Martin Day!

1.3 June 2009 Section 1 — four (not three) storage loops.

Section 3 — Module Height 42” to track base.
Section 4 - Jig 2 dowel holes 2mm not the correct 3mm — incorrect specification
by GD resulting in delivered Jig2 being wrong (2mm holes) — but works!
Sections 2, 4,5 - 9pin dsub (not din) connectors, storage boards simulate track
possession for test purposes. No ‘finger operation’ of storage boards - automate.
Sections 2, 4,5 - max train loco + 7 coaches (not 8) but may change!
Section 5: - Fix Graham Dean’s (deliberate?) error that nobody else spotted —
confusion/errors re pins 4,5/8,9. 1k resistor with diode on receiving module not
on sending module to ensure errors don’t put 12V on LED.
1.4 July/August  Decided that Storage Boards will not be automated because N loco’s tend to

2009 stop when they shouldn’t and also there is more flexibility in the ‘handraulic’
option. Use of Bells and Indicators. Significant changes to section 5 only.
Section 4 — Jigs do work, check rails optional.

1.5 Sept 2009 Section 3 — Four legs LSB not RSB. Section 5 - extensions for LSB/RSB
electrics.

1.6 Jan 2010 Appx. B — Richard Dean CDU

1.7 Apl 2010 5C — connection wiring, fix Graham’s errors!

Appx. C — SB operator can’t send train when red possession indicator is on.
Other minor tweaks, including CDU Bill of materials.
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N Gauge Modular Standards
(CHPR & Beyond)

1) Principles

Each ‘Module’ will have a double track railway entering and exiting at a common location, meaning that
modules can be assembled in any order. Each module will be a complete diorama in its own right, but with
back-scenes etcetera following a standard so the assembly shows a unified approach. The remaining
components are two end storage boards, each with four storage loops turning and returning arrivals.

Track on the through lines is standard N, with ‘conventional’ power supply and wiring rather than DCC to
allow running of N Gauge loco’s off the shelf.

2) Operating Requirements

Each module must be able to cope with through running of a maximum length train powered from a controller
on the sending storage board.

To allow for a module ‘taking possession’ of Module
the main line using other than the storage
controller, the track section extends one loco
length to the rear into each adjacent module or = = D il Rl
storage board, meaning that a module can - — - ——
effectively ban entry via this “isolation section”
where the line is blocked. Where a module will hold a train for an appreciable time or wishes to return it in the
opposite direction, the movements must be cleared with the storage board operators — the normal state is that
trains on the main line run through with little delay.

3) Modules & Storage Boards

The key requirement is that any module can connect at each end to any other module or a storage board, and
have trains running through the module on the main line. The Left Storage Board (LSB, viewed from the
front) has four legs, and all other modules and the RSB have one pair only on the right. All legs must have a
mechanism for height adjustment of at least +- ¥4” each side of length 42” from track base to floor. Rail 1 is
positioned 8” from the front of the module end, and the connection mechanism imposes a minimum width of
18”. Operating requirements dictate that any module should be able to accommodate a full length train of
loco + 7 coaches — about 3°6”. The Two standard jigs are used to ensure that the track positions are at the
right height and position and that the module will connect correctly. Modules can be any size & shape subject
to these requirements, although modules other in than in a straight line (e.g.
turning thru 90 degrees) should ideally be discussed with Club members : ‘
before construction starts. Accurate connection is via Pattern Makers Dowels, Q .
two pairs needed per module.
Supplier’s (edited) description:

A well finished item, all faces are fully machined. The most accurate way to align baseboards. These
dowels require a 9mm hole for the female half, with both halves counter bored to 25mm diameter x
3mm deep on the outside face. The two ends should then be counter bored with a 25mm spade bit,
finally open out the female half to 9mm.

Flange diameter 25mm, Flange thickness 3mm, Spigot diameter 8mm, Clearance 0.05mm (0.002")

For BMRC, the male dowels are on the LEFT EDGE, the female on the RIGHT viewed from the front.
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N Gauge Modular Standards
(CHPR & Beyond)

4) Jigs and module construction

A module can be any length and shape provided that:
e The width at the two ends is at least 18 to allow for use of jig 2.
e The main lines can accommodate loco + 7 coaches - about 3’ 6.
e The side and rear ‘back-scenes’ are 10 high (or close!) from the main line sleeper base where the
modules join. The back-scene can then increase/decrease as required from the module join points.
The construction process is:
1. Construct the module baseboard (s) at least 18 wide and ideally minimum 4ft long.
2. Ends should be perpendicular with depth adequate for fitting the dowels. A %4 top on 2” or
more supports will be fine — check unusual constructions against the jig before assembly
3. Set the mainline track bed — taking care to ensure that it is level and that the first rail will be at
right angles 8” from the module front. This distance is to ensure that the fronts of modules
line up so needs to be close but not exact.
4. Lay the track at right angles to the ends using Jig 1 to ensure that the track spacing is correct.
The jig is marked ‘F’ on the side facing the front.

Jig 1 = = 8” from module front

[ LIIJIIII UH‘| )

il
il

o1

Optionally add four check rails with the ends chamfered.

6. Cramp Jig two to the baseboard edge, making sure that the jig is level with the rail tops and
equally spaced between the two outside rails. The orientation of the jig is again established by
the ‘F’ront marking. Drill the three holes taking care that the drill is level and doesn’t damage
the jig. Holes 1 & 3 are 2mm for the dowels, hole 2 is 12 mm for a 10mm bolt approximately
75mm long with 2 washers and a nut or wing nut.

Jig 2
N 00 00 0
0 () 0
1 2 3

B
'

- Minimum Baseboard depth 18"
Drill the four dowel holes to a depth of 3mm with a 25mm spade drill. Open the RIGHT
EDGE (viewed from front) female dowel 2mm holes to a width of 9mm. Fix the dowels.
7. Add the side and back-scenes taking care to ensure that the side scenes are vertical and will
not foul the dowel joins.
8. Wire the module and fit the connectors as described in the Electrical section.

The module will now connect to any other module or either storage board, and trains will run from one
to the other without problems at the joins.
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N Gauge Modular Standards
(CHPR & Beyond)

5) Electrical requirements

Notes: The UP main is RSB to LSB (i.e. to Derby), and the Down main is to Manchester. Not DCC. Martin
Day’s definition of ‘handraulic’ — hand operated without electronic intervention!

a) Module Types

The electrical requirements depend on the module types:

e Through module - Main line trains run through without any control by the module operators.
However, it must have the up/down extensions for ‘possession modules’ to ensure that trains stop
when the possession module is blocked.

e Possession module - operators can take direct control (possession) of one or both main lines as
needed by the module operators.

e Storage boards at each end to store and return trains.

b) General Principles
Both module types have the main lines controlled as a default by the appropriate storage board using
common return wiring:
e Rails 1, 3 from the front are common (i.e. one feed), Rails 2, 4 are individual feeds for the up
(to Derby) and down.
e Every module must use heavy duty wire as a bus bar to pass these feeds between modules to
reduce voltage drop. Copper mains wire is ideal!
e The last 7” in the direction of travel must be isolated and is extended into and fed from the
following module/storage board.
e Possession modules must communicate the possession status to adjacent modules, and be able
to operate where that module is any module type or a storage board.

c) Connection Plug Wiring

9 pin dsub plugs & sockets. Male on the left side of the module/storage board viewed from front.
The connection leads should be long enough to connect about 6” below the connection bolt.

pinnumbers 1-5 .....

4-9
Pin | Connection Comment
1 | Common Feed Rails 1,3
2 | Main feed from RSB (up) Rail 2
3 | Main feed from LSB (down) Rail 4
4 | RSB to LSB bell signal (up) See Storage Boards, uses pin 1 as return
5 | LSB to RSB bell signal (down) See Storage Boards, uses pin 1 as return
6 | Up isolation section feed From through module is 2, else see possession module
7 | Down isolation section feed From through module is 3, else see possession module
8 | Up Possession Status Uses pin 1 as return (see note)
9 | Down Possession Status Uses pin 1 as return (see note)

Pins 1-3 are set by the Storage Boards and passed from module to module unchanged.

For the up/down possession status indications pins 8,9, a red led and 1K resistor can be connected
between the common return (Ov) and the positive pin 8 or 9:
Off - line is clear and powered for entry to the next module.
On - line is blocked, isolation section previous module not powered.
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N Gauge Modular Standards
(CHPR & Beyond)

d) All Modules except Storage Boards

Must have two isolation sections of at least 7 as described above in the non-common rails of the
running lines.

Note the requirement that pins 1-3 of the dsub connectors are connected via a bus-bar. The main
running lines are wired using pins 1-3. The two 7” isolation sections are fed from the previous
modules:

Up Main pin 6 of left connector.

Down Main pin 7 of right connector.

e) Through Modules

Pin 6 of right plug and Pin 7 of left connector as table — no other changes are necessary. However, if
you wish to display, for information only, the module status values - see ‘possession modules’.

f) Possession Modules

To ensure that touching rails at module connection do not cause havoc, extend back your isolation
section(s) for the main lines you will take possession of a small distance (say }%”) into your module
by cutting rail 2 and/or 4.

You can now arrange possession as you wish — the only requirements are:

e When the main lines(s) are in possession, the isolation section(s) in the rear are either
switched to the ‘possession’ controller via the appropriate pin and common return or isolated
as appropriate. When the isolation section is not fed (line blocked), this fact must be
communicated to the preceding section via pin 8 &/or 9.

e When the isolation section is fed via the possession controller, this must be via a heavy duty
diode to prevent running wrong direction.

You should also arrange to display status signals from the preceding module for lines where you can
take possession — display of status signal from modules where you don’t take possession is optional
because you cannot affect transit of trains on that line.

Sending a line blocked status signal to the preceding module:

e (Ovoncommon

e +9to 12v to preceding module on pin 8 or 9 as appropriate.
Ideally, you should ensure that incorrect signals (eg. Line blocked when isolation section is powered)
cannot be sent.

Displaying a received status signal from the following module:
Just connect a red LED with a 1K resistor between pin 1 (common) and pin 8 or 9 as appropriate.
If it lights, the line ahead is blocked. Test orientation of led by putting Ov on common —> 1k
resistor —> Diode -> +12v. If it doesn’t light, reverse the diode.

Condition:

e Red LED lit, line ahead blocked. If you can take possession of the approach to the ‘dead’
isolation section when a train is approaching, it would be good practice but not essential to
slow the train as it approaches the dead section.

e LED not lit — no action — through running enabled.
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N Gauge Modular Standards
(CHPR & Beyond)

g) Storage Boards (SBs)

Using six medium radius points, each module contains four loops with radii of 117, 127, 137, 14. Each
board is therefore 30” wide. Each loop is divided into two
sections each holding loco + 7 coaches.

Each SB has one controller handling the exit. The storage
roads are by default powered by the other SB for incoming

Storage Board

6 points, 4 loops

trains. However, the outgoing controller can be switched to ﬁ each holding 2 full length trains
the module entry feed, disconnecting the outgoing feed, to
allow the operator to ‘move up’ trains following a N

departure. It is the operator’s responsibility to ensure that
no train is online when switching the controller!

When the controller is switched to the incoming feed via a 4 pole double throw switch, the storage
module sends the previous module a ‘line possession’ signal and disables its isolation section. It also
illuminates an orange LED on the SB’s Control Panel.

The SB will detect and display possession signals sent backwards from the following module — and the
operators will not be able to send a train when possession is set. The SB’s isolation sections are much
smaller than the ‘normal’ 7 inches minimum.

Points are operated by Capacitor Discharge and electric pencil - see appendix. Connection studs for the
four roads in and four out are provided on the panel, with diode feeds for the coils of the ‘throat’ point
motors. Each stud therefore controls two motors. The ‘pencil’ is positive about 23v — the Ov terminal is
the ‘common’ feed for all coils.

Holding sections, two per road, are controlled by switches for the rear sections and push buttons for
the front sections. Full wiring details, eliminating the potential for short circuits due to the change in
‘common’ rail, follow in Appendix C.

Storage Board to Storage Board signalling — Block Indicators & Bells

Once SB operators are separated by a large distance, the bell signal pins
4 & 5 will be brought into play. Each SB becomes a Signal Box using
bell codes to send and receive messages following British Railway’s
practice, and each will have two handraulic block indictors for up/down.
The block indictors show (as prototype) default Line Blocked, Line
Clear, Train on Line.

LINE
PO [

Each SB can then negotiate and execute a train movement SB -> SB.

When a Module operator wants to take a train out of the main line for a significant period taken (or
already has!), he must arrange for ‘Train out of Section’ to be sent by the receiving SB.

When a module operator wishes to send a train to an SB, he must in advance arrange for the ‘sending’
SB to clear the movement with the receiving SB.

Bell Codes are as BR - see Appendix A.
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N Gauge Modular Standards
(CHPR & Beyond)

Appendix A - BR 1960 Bell Codes
(see http:/mwww.signalbox.org/block/bells.shtml)

Not Southern/Western, inappropriate codes deleted

1 |Call attention
1-1-3 [Is line clear for engine with not more than two brake vans?
1-2 |Is line clear for branch freight train?

1-2-2 |Is line clear for express freight, livestock, perishable or ballast train, partly fitted, with the
not less than four braked vehicles next to the engine and connected by the automatic brake
pipe, or express freight, livestock, perishable or ballast train, with a limited load of vehicles
not fitted with the automatic brake?

1-3 |Is line clear for branch passenger train?

1-3-1 [Is line clear for parcels, fish, fruit, horse, livestock, meat, milk, pigeon or perishable train

composed entirely of vehicles conforming to coaching stock requirements?
1-4 |Is line clear for through freight or ballast train not running under class "C", "D", "E" or "F"
headcode?
2 [Train entering section.
2-1 [Train out of section, or obstruction removed.
2-2 |Engine assisting in rear of train.
2-2-1 [Is line clear for empty coaching stock train (not specially authorised to carry "A" headcode)?
2-2-3 |Is line clear for freight, ballast or officer's special train, requiring to stop in section?
2-3 |Is line clear for light engine or light engines coupled?
3 |Isline clear for freight, mineral or ballast train, stopping at intermediate stations?
3-1 |Isline clear for ordinary passenger train, mixed train, or breakdown van train not going to
clear the line?

3-1-1 [Is line clear for express freight, livestock, perishable or ballast train, pipe-fitted throughout
with the automatic brake operative on not less than half of the vehicles?

3-1-3 |Is line clear for diesel railbus?

3-2 |Is line clear for express freight, livestock, perishable or ballast train, not fitted with the
automatic brake?
3-5 |Cancelling
4 |Is line clear for express passenger trains, newspaper train, breakdown van train or snow
plough going to clear the line, light engine going to assist disabled train or officer's special
train not requiring to stop in section?
4-1 |Is line clear for mineral or empty wagon train?
5 |Is line clear for express freight, livestock, perishable or ballast train, partly fitted, with the
automatic brake operative on not less than one third of the vehicles?
5-3 |Last train incorrectly described.
6 |Obstruction danger.
6-2 |Train an unusually long time in section.
16 |[Testing block indicators and bells.
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N Gauge Modular Standards

(CHPR & Beyond)

Appendix B i Capacitor Discharge Unit

In January 2010 Richard Dean supplied two circuit boards for the Storage Boards, each containing a cdu and a
low amperage 12V current supply for inter board LED signalling. Complete details are on the CHPR CD. The
CDU will power up to 6 points, and the board is designed to accept an extra two capacitors, doubling the
charge passed to the point motors. Richard will accept further commissions — contact Graham!
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N Gauge Modular Standards

(CHPR & Beyond)

Materials Report Generated From Altium Designer

C1 4700uF ELECTROLYTIC CAPACITOR POLARISED ELECTROLYTIC CAPACITOR
C2 4700uF ELECTROLYTIC CAPACITOR POLARISED ELECTROLYTIC CAPACITOR
C3 4700uF ELECTROLYTIC CAPACITOR POLARISED ELECTROLYTIC CAPACITOR
C4 4700uF ELECTROLYTIC CAPACITOR POLARISED ELECTROLYTIC CAPACITOR
C5 4700uF ELECTROLYTIC CAPACITOR POLARISED ELECTROLYTIC CAPACITOR

C6 100nF CAP Capacitor

C7 100uF 100uF POLARISED ELECTROLYTIC CAPACITOR
C8 100uF 100uF POLARISED ELECTROLYTIC CAPACITOR
D1 1N5401 3.0 Ampere General Purpose Rectifier

D2 1N4004 Diode

D3 1N5401 3.0 Ampere General Purpose Rectifier

D4 1N4148 Diode
D5 1N4148 Diode
D6 1N4148 Diode
D7 1N4148 Diode
D8 1N4004 Diode
D9 1N4148 Diode
D10 1N4148 Diode
D11 1N4148 Diode
D12 1N4148 Diode

D13 BZX84C4V7LT1 Zener Voltage Regulator Diode

D14 1N4148 Diode

D15 1N4148 Diode

F1 1.5A 1.5A Fuse

K1 AC Power CONNECTOR

K2 CDU Output CONNECTOR

K3 +VE voltage CONNECTOR

K4 Low Voltage Output CONNECTOR

LED1 light Emitting Diode

Q1 TIP34C PNP Power Transistor

Q2 BC461 PNP Bipolar Transistor

Q3 BC557C Amplifier Transistor PNP Silicon
Q4 BC547C Small Signal NPN Silicon

Q5 BC557C Amplifier Transistor PNP Silicon
Q6 BC547C Small Signal NPN Silicon

Q7 BC547C Small Signal NPN Silicon

Q8 TIP34C PNP Power Transistor

Q9 BC547C Small Signal NPN Silicon

Q10 BC557C Amplifier Transistor PNP Silicon
Q11 BC461 PNP Bipolar Transistor

Q12 BC557C Amplifier Transistor PNP Silicon
Q13 BC557C Amplifier Transistor PNP Silicon
Q14 BC547C Small Signal NPN Silicon

Q15 BC547C Small Signal NPN Silicon

Q16 BC547C Small Signal NPN Silicon

Q17 BC557C Amplifier Transistor PNP Silicon
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N Gauge Modular Standards
(CHPR & Beyond)

Appendix Ci Storage Board Loop wiring

See diagram of LSB. . Dreaik both rails
The use of common return for the main lines makes the e iidins
wiring of individual modules easier and more flexible, but

makes the storage wiring a little more complicated because

of the reverse loop. The wiring of the first loco hold sections
is simple — the single pole switch on the control panel 1 1.
connects/disconnects the live frog from the hold section — as i[ a
ref ‘a’ on the outer loop. When the switch is up the frog is - : : TTT
disconnected and trains will enter the loops under control of ~ common
the ‘in’ controller and stop automatically in with the loco in
section a. Out feed

| |
1 1
| |
1 1
| |
I 1

c b
To avoid short circuits as a train proceeds through b & c of the outer loop, both these sections are controlled
by the ‘release’ push button for that loop as follows:

Button: | Section ¢ Section b Note

Pressed | Both rails powered Disconnected both
according to the setting of rails.

the outward points —
assuming the points are
correctly set will be out feed
& common.

Not Disconnected both rails Both rails powered to When the section switch for ‘a’ is cleared,
pressed match the previous loop | the incoming points are correctly set and

section settings. the ‘in’ controller is powered then a train

at ‘a’ will run forward through b and stop
automatically at ‘c’.

The control of sections b & c is via relays — two relays per road, eight per board. One extra single pole relay is
powered by the possession signal from the following board to disable the power to the push buttons when the
red next section indicator is lit, thus ensuring that operators cannot send a train when the line is blocked.

The 4 pole double throw switch used to take possession of the incoming line using the outgoing controller is
wired:

Pole | Description

1 | During possession, orange led lit on control panel and led possession signal sent back.
2 | During possession, isolation section feed dead, else isolation section feed is incoming feed.
3 | Spare
4 | During Possession, outgoing feed is disabled & SB controller is used for incoming feed.
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