Australian 5" Gauge Track Notes
Track gauge

The track gauge is normally specified as 5" witblarance of -0 / %3, or 127mm -0 / +0.8mm. The rail is
generally made from rectangular bar (25 x 10 ox2D) and the top of this bar (the railhead) i$ #ad
horizontal. Most wheels have tapered treads (appreP). There is no corresponding cant on thibead
and the contact point between the wheel and rall @ near the inner edge of the rail.

Following sections discuss railhead profile andggawidening.

Wheelset profiles
Metric dimensions here are overly precise to reduogrs when components are summed.
SLSLS (basefor AALYS)

Dimension Inches Millimetres
Back to Back (BB) Al16= 4.562 115.90
Flange Thickness (FT) °/3, = 0.156 3.96
Root Radius (RR) /16 = 0.063 1.59
Wheel Check (BB + FT + RR) 4.782 121.45
Wheelset (BB + 2 * (FT + RR)) 5.000 127.00
Flangeway (FT + RR) 0.219 5.55
Checkrail max spacing 43, = 4531 115.09
Wheel minimum width °/g = 0.625 15.88

Fine Scale

Dimension Inches Millimetres
Back to Back (BB) 4",6=4.688 119.06
Flange Thickness (FT) %l3,=0.093 2.38
Root Radius (RR) /16 = 0.063 1.59
Wheel Check (BB + FT + RR) 4.844 123.03
Wheelset (BB + 2 * (FT + RR)) 5.000 127.00
Flangeway (FT + RR) 0.156 3.97
Checkrail max spacing 43, = 4.656 118.27
Wheel minimum width 0.535 13.59

Warwick Allison has written some excellent artickdsout track and wheel design (see AME circa 2007).
One highlighted point is the importance of the raatius and that it must be significantly largearttithe
railhead radius. This difference assists the vdetdb centre between the rails and provides ai@uest
restraint when the wheelset drifts laterally. AAkecifies a root radius of 1.8mm and some UK [@®fi
specify®/s, (2.38mm).

The wheelset profiles above pre-date the AALS fesfand are still applicable because wheelsets iteade
these profiles are still in use. The AALS wheelseffiles are very similar and compatible except tihey
rely on a slight railhead radius.

|deal track

Good trackwork should accommodate the multiple udeteorofiles in use here. Some old profiles (e.qg.
SLSLS) make things simple by allowing for rail witlo railhead radius and having the wheelset gauge
(including the flange root radii) be exactly 5".ABS profiles are slightly more sophisticated anly k& a
railhead radius (which will always happen in preg}li Most UK wheelset profiles are slightly ovarga

and do rely on a railhead radius. The EJ Wintefilerdoes not require a railhead radius.



Railhead profile

Full-size rails have a domed railhead and the @bmiaint with wheels is about 40mm from the insadige.

So for 1435mm gauge track the distance betweeondhict points is about 1515mm. 5" rail is rectdag
bar with a flat top and rounded arrises. The mdiuthe inner arris is nominallys, (0.79mm) and as this

is less than the flange root radius it follows ttia distance between the contact points will B& & or
128.59mm. Since the distance between the treadswineelset is 127mm it follows that a wheelset can
wander laterally before being restrained by thet radius or the flange proper. This lateral cleaea
explains why track can be slightly undergauge aotl aause problems. However, AALS might have
included this clearance in their calculations beeatlne sum of their wheelset dimensions exceedsi27
Railhead radius is not specified or considered bgL$. Some UK wheel profiles have a root radius of
%5, and do rely on a railhead radius.

Because the rectangular bar used for 5" rails lieda@and not machined it is risky to rely on thelives.
AALS specifications state it should be from 0.5.tdmm. If the radius is very small the arris Ve sharp
and might damage cast-iron wheels. If the radsulriger than 1.5mm it will be close to the flamget
radius and this will increase rolling resistanceewtthe wheel has lateral force pushing it agaimstrail
and more importantly it means that lateral restraiifi occur suddenly as the flange hits the ragtead of
the restraint increasing gradually as the flanger@gches the rail and the contact point moves adius
root radius (see explanation below).

Because the railhead radius provides extra latdearance it appears to be the same as gauge wideni
But this is not the case and any extra clearanceibalue to the wheel flange and root radius deslfthe
wheels had vertical flanges and no root radius themailhead radius would not affect the latetehance.
Since most wheels with flanges do have a root sattie railhead radius might affect lateral restrain

Railhead radius consider ations

Wheel Wheel Wheel

Rail Rail Rail
R 1.6mm R 0.8mm
R 1.6mm

These examples use a flange root radius of 1.6ndrttengauge face of the rectangular rail is atotler
edge of the root radius. The first example hagaibead radius. The second has a railhead raafius
0.8mm. The third has a railhead radius of 1.6mrntkvis the same as the flange root radius.

With the first example the contact point is at ¢faeige face of the rail and as soon as the wheetsnoght
this point will move down the root radius. Theioadf the lateral and vertical force is equal te tangent
of the contact angle. This ratio starts at O awgeases to 2.69 when the angle is 70° which isrnheof the
root radius and the start of the flange face. Héyepoint with this example is that the angle iases from
0 as soon as the wheel moves right. When the Wiasatoved 1.5mm right the angle is 70°.

With the second example there is a 0.8mm portiah@fvheel tread between the start of the roousadnd
the top of the rail. So the wheel can move 0.8nght before contact meets the root radius and dméact
angle increases. At 1.55mm the angle is 70° amdathgent is 2.69. The distance from when theaiest
starts till the limit is 1.55 — 0.8 = 0.75mm.

With the third example there is 1.6mm of tread bethe root radius meets the top of the rail. I&owheel
can move 1.6mm before the restraint starts. Atloint the contact angle goes immediately frora BQ°.
The distance from zero restraint to the limit is O.

When the tangent is 2.69 (at a contact angle ofré@% vertical) the lateral force to maintain eduilum is
2.69 times the vertical force. This far exceedg rmormal lateral force on a wheel but not necelstre
instantaneous force when a locomotive encountdradakink in the track. Also the vertical force the
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wheel (due to the weight on this wheel) can be cedby undulations in the track or the flange tyia
climb the rail. These reductions will increase lditeral/vertical ratio resulting from any latefaice.

These examples show that a railhead radius prowoe® lateral movement with no restraint. Thithes
same effect as gauge widening while the flange radius does not meet the rail. But this clearance
reduces the distance from the start of the resttaithe point of maximum restraint. The first exge has
the most cushioning because the restraint increagasa distance of 1.5mm. In the second exanty@e t
distance is 0.75mm. In the third example the distais O and the restraint is abrupt. This pravide
distance to absorb the momentum of the lateral mewt and the high spot force at the instant ofairis
likely to push the wheel up and the flange wilhdti the rail.

These examples use the SLSLS policy where the @age of the root radius is directly above the rail
gauge face. This policy is good because it alléevsa railhead with a minuscule radius as might be
expected with rectangular bar.

An alternative approach is to rely on a railheadius and profile the wheelset so the outer edgthef
flange root radius is at the point where the raitheadius meets the top face of the rail. In thedia
example above the flange root radius could be aszd from 1.6mm to 2.4mm and the outer edge of this
radius would meet the outer edge of the 0.8mm eadhradius. The soft arris on the railhead wil la
longer than a sharp arris and be less likely to sast-iron wheels. The larger flange root radngseases
the lateral distance across which the contact acighgges and results in a softer L/V curve sintathe
first example.

Some UK profiles (e.g. Martin Evans) usé/a root radius and the wheelset gauge (includingrtue
radii) is 5% and this means it expects a 5" track gauge withy aradius on each railhead.

The AALS profiles employ this approach to a lessetent. Both profiles have a flange root radius of
1.8mm. The preferred profile sums to 127.6mm &edine-scale profile sums to 128mm.

Because a railhead radius'f; (0.79mm) is required by some wheelset profiles AAHLS recommends
that the radius not exceed 1.0mm there really mmaoith latitude here. Considering all the pointeheis
definitely best to ignore the railhead radius imgg width calculations and just assume it is swfficfor
the slightly overgauge wheelset profiles.

The considerations here suggest that the optimilheaal radius i¢/s, (0.8mm).

Flange face angle

Rather than being vertical, the face of the flaslppes away from the rail at an
angle of at least 12°. The AALS profiles specifsaage of 12° to 20°. This is a
very important feature of flange design and greaslyists when the wheel is being
guided by the flange. The angle means there isyavelearance between the
outer circumference of the flange face and the gdage of the rail. As a wheel

travels forward the outer edge of the flange fam@mes down to rail level before

the inner edge. This outer edge is inwards from rdil gauge face and this

clearance stops the flange catching on small ottgtns on the rail gauge face.

This clearance will also reduce the chance of klwegk hitting a frog nose. For a fine-scale flafest
susceptible to hitting a frog nose) this clearaiscabout 0.34mm. Not much but maybe enough to aelp
wheel through a frog when there is zero flangerale@e. The ride will still be rough but better riha
derailment.



Gauge widening

Gauge widening is required on curves so vehiclels miore than two axles in a rigid wheelbase cavetra
on the track without binding or derailing.

The formula to calculate the widening required issw - V(r? — (f / 2fF) where w = widening, r = curve
radius, and f = fixed wheelbase length. The widgrdalculated here can be reduced slightly becthese

is clearance between the flange face and the giegeof the rail. Reductions here (in excess of an
clearance between the railhead and the flangereabtis) will push the point of wheel and rail canta
farther into the flange root radius and increaselditeral force particularly on the outer wheetts leading
axle. This increase in lateral force is not a gtiodg. Against this, gauge widening allows shaneelbase
vehicles (e.g. bogies) to slew against the curvielwis also not a good thing. So gauge widenirgukhbe
the minimum required and perhaps even slightly. less

The widening calculated here can be reduced bypifastuch as the side play in all axles, wheelsgidin
the flange root radius, and the railhead radius.th® flange root radius and railhead radius vaiyn this
multi-profile environment they should be ignoredée If all locomotive axles have at least 0.5mitesi
play then the gauge widening can be reduced byr.5tim not sure that relying on this side playigood
idea.

Generous gauge widening will accommodate a fixedeNdase of 20 inches. For a 40 foot radius cumge t
calculates to 480 V(480 — 1) = 0.104" = 2.65mm. For this gauge widening &bg the stock rail must
be moved away 2.65mm, the checkrail stays in itgir@l location, and the frog flangeway width is
increased by 2.65mm by moving the wing rail awayrfithe frog nose.

For a fixed wheelbase of 16" and a 40’ curve thaening is 0.067" = 1.69mm.

Gauge widening should start before the curve aridnelxafter. For a simple curve (no transition) the
widening should start half the wheelbase beforectirge and be half the required widening at thet sta
the curve. For a wheelbase of 16" and a 40' ctigewidening should start 8" before the curve aed b
0.85mm at the start of the curve.

Gauge widening should be done by moving the inakof the curve towards the centre of the cuntbeaa
than moving the outer rail away. This will providesmoother path when entering and particularlyrwhe
exiting the curve.

Some locomotives have thin flanges on intermediateng wheels and this thinning is generally reeséd

to /3> (0.79mm). This reduces but not necessarily etiteis the need for gauge widening. Factors that
reduce the need for gauge widening are not coresideere because they don’t cater for the worst case
scenario.

Gauge widening and checkrails

What must also be considered with gauge wideninigesffect on flangeway widths. All flangewaysshu
be widened by the calculated amount. If both railsa curve have a checkrail at the same point tinen
checkrail spacing will be reduced by the wideningpant. For example, if a track has a gauge of I187m
and flangeways of 6mm then the checkrail spacingbgi115mm. With gauge widening of 2mm the track
gauge will be 129mm, the flangeways will be 8mm #dredcheckrail spacing will be 113mm.

Wheels with thin flanges do not affect the flanggwadth adjustment for checkrails at the outer odithe
curve because the flange thinning is effected loynhing the front of the flange and not the back.
Flangeways on the outer rail of a curve are racejgixfor the wing rails at the V-crossing of a turh

Insufficient flangeway widening on the inner rafltbe curve can be more damaging than insuffiagentge
widening. Because there is no root radius on #ek lof a flange the leading and trailing wheelsets't
move out when the back of the flange is trapped blgeckrail. So the intermediate wheelsets haveote
farther in and this will increase the lateral foare these inner wheels. Without a checkrail sorheels
can move out and some in and share the problerattig a straight wheelbase through the curve.



Perceived problemswith AAL S specs
The AALS track/wheel specs referred to here atbén'‘Cop Stds” document dated April 2012.

a) On page 12 the track gauge is 127mm, the flangemidith is 6mm, and the track check gauge is
122mm. The track check gauge plus one flangewaytwmshould equal the track gauge. The error is
that the flangeway width plus check gauge add &n#f2 which is not the track gauge.

b) On page 13 the check gauge is listed as 4.93722min. 4.937" is 4%,5 which is not reasonable
here. 122mm = 4.803". Possibly the imperial \®@rds meant to be ¥/, or 4.8125". In the note
below it mentions a check gauge of'4s and says this is 122.4mm. In fact it is 122.2nBo. it looks
like a dimension of about 122.2mm is intended here.

c) On page 13 note 1 the formula assumes that chemgegaus flangeway width equals track gauge. This
Is not the case in these track specs. Also, trimla loses any clearance resulting from the vdetel
check gauge being less than the track check gauge.

d) Metric measurements have been rounded and thaluntes imprecision. Since the clearances available
in the track profile here when accommodating bolie&set profiles are so small any imprecision here
can cause problems. It is better to use the irmpdimensions and convert to sub-millimetre valifies
required.

e) The track flangeway width is 0.235". With a tragkuge of 5.000" this means the track check gauge is
4.765". The fine-scale wheelset profile has a ladkack dimension of 4.688" and a flange thickradss
0.106" giving a wheelset check gauge of 4.794"is Elxceeds the track check gauge by 0.029" and this
means the flange will hit the frog nose. A sauotemployed by some is to increase the track ghyge
Y5, . This is done by moving the stock rail, the chemk and the wing rail away from the frog nose.
This will provide (just) a safe passage through filogg. The fine-scale wheelset will probably be
running on the flange root radius and there wilbldip as it passes through the frog.

Example of corrected AAL Strack specs
For simplicity here I'll use the metric versiontbe track/wheel specs.
The track gauge is 127mm.

The fine-scale wheelset check gauge (back to bhskflange thickness) is 119mm + 2.7mm = 121.7mm.
This does not include any clearance and so thd ttheck gauge must be larger. The stated value is
122mm which is suitable and does provide some ateay.

The track check gauge is the track gauge minudlangeway width. So the maximum flangeway width is
127 — 122 = 5mm.

The maximum checkrail spacing (to accommodate tieéeped wheelset profile) is 115mm. Since the
flangeway width just calculated is 5mm maximum flaegeway width for the opposite rail must be aiske
122mm — 115mm = 7mm. In the case of a turnouthieekrail flangeway width is maximum 5mm and the
frog flangeway width is minimum 7mm.

The preferred wheel profile has a flange thickredsémm and a root radius of 1.8mm which totals 5r8m
The 5mm flangeway will accommodate the flange hadaose it's less than the flange plus root radias t
wheel will bind slightly here.

Changing the track specifications to have a chéckaageway width of 5mm and a frog flangeway widt
of 7mm does provide a solution in this examplerafhead radius of 0.8mm should be specified ttyful
accommodate the preferred wheel profile.

Please note that this example uses the metric dioeh which are not necessarily accurate. A seriou
solution needs more precise dimensions.



Track Design at V-crossings

Using full-width flangeways

At the turnout crossing, checkrail flangeway = 5(% SLSLS) and wheel check = 123.03 (for finelera
so track gauge must be 128.58mm. Because checkiail spacing is 115.09 (for SLSLS) the frog
flangeway will be 128.58 — 115.09 — 5.55 = 7.94nihhis is before any adjustment for gauge widening.

The track gauge required here is 128.58mm pluseatrg for gauge widening.

Stickingto 5" gauge

It is possible to reduce the required gauge toysfelucing the allowance for the root radius orhdéange
by 0.79mm. If the railhead is horizontal and haharp inner arris then the angle between theeadland
the wheel tread will be 30°. Since the inner ahisuld be rounded the angle will be less andrtbesase in
the effective wheel diameter will be reduced.

If this approach is adopted, the checkrail flangewadth will be 4.76mm and the frog flangeway width
will be 7.15mm. This is before any adjustmentdauge widening.

A variant here is to stick to 5" gauge and havéneckrail flangeway width of 5.55mm. This is finar f
SLSLS wheels but risky for fine-scale wheels beeatsre will be no clearance between the flangetlaad
frog nose and any errors in the wheels or track aailise a rough ride or a derailment. AALS finalsc
flanges are 0.3mm thicker than UK fine-scale antllvei even more prone to problems here.

Compromise

Sticking to 5" gauge (as above) will increase thieng resistance of trains with SLSLS flanges hesathe
wheels will bind at the checkrails due to the narftangeway width of 4.76mm. A compromise is to
increase the track gauge by 0.79mm and use theepobyeckrail flangeway width of 5.55mm. This will
avoid the binding of SLSLS wheels. The distancenfithe checkrail to the frog nose will be 122.24mm.
This is less than the fine-scale standard of 128r@3&nd this means a fine-scale wheel might be ngnon
the root radius when traversing a frog. But therehere is 0.79mm which is less than half the radius
and this means the flange will clear the frog nogat least 0.80mm.

Track gauge 127.79mm
Checkrail flangeway 5.55mm
Frog flangeway 7.15mm

Each of these three measurements must be incrbgsed/ gauge widening in effect.

Summary

This compromise approach seems the best to me s®daaccommodates SLSLS profile wheelsets and
fine-scale wheelsets and the AALS profiles (preférand fine-scale). The frog flangeway width ie th
minimum possible to support these wheelset proéites will provide smooth passage of a wheelset theer
transfer point. Gauge widening might cause problamd if so the track curvature and widening shbeld
reduced for a distance of 10" before and afterfibg. The lateral clearance due to the railheadilpris
variable and sometimes assumed and should be gjhere.



Track Design at K-crossings

K-crossings present more of a challenge becaugeottwir in close proximity on both rails and badiis in
the crossing area will have a check rail.

Using full-width flangeways

The checkrail max spacing is 115.09 (for SLSLS) #relwheel check is 123.03 (for fine scale) so each
flangeway must be 123.03 — 115.09 = 7.94mm. Tdektgauge will be 115.09 + 7.94 + 7.94 = 130.97mm.

The track gauge required here is 130.97mm pluseatrg for gauge widening.

Attempting to stick to 5" gauge

Removing the root radius allowance from the whéwck gauge gives us a wheel check of 121.44mm.
This means the flangeway width is 121.44 — 115.0835mm. The track gauge will be 115.09 + 6.35 +
6.35 = 127.79mm. This is the minimum possible definitely not recommended. AALS fine-scale
flanges are 0.3mm thicker than UK fine-scale antllvei even more prone to problems here.

Compromise

Considering the case above and increasing eachefleay width by 0.79mm'f;") results in flangeway
widths of 7.14mm and a track gauge of 129.37mme Wheels might partially run on the flange rootivad
but the flanges will clear the frog noses. Passagrigh the K-crossings area will be safe anchipé.

Track gauge 129.37mm

Flangeway width 7.15mm

Gauge widening should not be necessary becausdrbokis are generally straight.

Summary

This compromise approach seems the best to me sedaaccommodates SLSLS profile wheelsets and
fine-scale wheelsets and the AALS profiles (prefdrand fine-scale). The flangeway width is the
minimum possible to support these wheelset proéites allow a smooth passage of a wheelset.



