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Proposed Procedure for Determining 

Wheel and Wheelset Dimensions 

For Large Scale Trains 

Introduction 
In order to allow interoperation of equipment on multiple tracks a series of standard dimensions 

have been developed that apply to the design, production, and inspection of wheels and 

wheelsets (two wheels and an axle).  The information that follows discusses some of the reasons 

for certain dimensions and provides guidance as to the selection of specific values for all 

required dimensions. 

 

The dimensions provided are based on providing compatibility with existing trackwork, which is 

the type of rail, construction of frogs, and the gauge to which it is laid.  The procedure is 

organized in a series of steps that provide a logical order for the determination of the values to be 

used. 

Dimensions To Be Determined 
Figure 1 is a generic drawing of a wheel and wheelset and provides a two-letter symbol for each 

of the dimensions that must be found to determine the final design.  It also shows where track 

gauge (TG) is to be measured. 

 

 

Figure 1 – Dimensions and Their Symbols 

 

Notes on Wheel Dimensions 

Before presenting specific values, certain terminology must be understood. 
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Tolerance 

The amount by which a final measured dimension can vary from the given value is determined 

by the tolerance.  This is listed as: 

 + (plus) and a Value – The measured dimension may be larger by any amount up to, and 

including this additional value
1
 

 - (minus) and a Value – The measured dimension may be smaller by any amount up to, 

and including this additional value 

 Max – This is the largest the measured dimension can be, any smaller value is acceptable
2
 

 Min – This is the smallest the measured dimension can be, any larger value is acceptable 

 NLT Not Less Than – Similar to a minimum but the measured dimension should be as 

close as possible to the given dimension without being smaller than it 

 NMT Not More Than – Similar to maximum but the measured dimension should be as 

close as possible to the given dimension without being larger than it 

Approximate Dimensions 

Approximate dimensions (Approx) do not have an exact value.  The dimension will have to be 

determined in order to make other surfaces align correctly 

Use Of Dimension Tables 

The main body of this document is divided into four sections that should be followed in order to 

obtain all of the necessary dimensions. 

 

Wheel dimensions are determined by: 

1. Defined standards applicable to all wheel designs 

2. The scale of the model 

3. The rail used for the track 

Wheelset dimensions are determined by the track gauge and the three items above and 

provide: 

4.  The spacing between the wheels 

 

Standard values for track gauge follow from the scale being modeled as determined in step 2.  

Wheelset designs for less common gauges can be found by adjusting the values given.  Using the 

track gauge found here and the flange width from step 3 allows determination of the wheelset 

values. 

Changes With Wear 

Both wheels and rails wear and change in some dimensions with use.  To provide guidance for 

the production of new parts a recommended initial value is provided.  To then allow inspection 

of used parts, a limiting value after wear is also provided.  The specific wheel dimensions that 

will change are: 

 The gauge radius (GR) will become smaller 

 The flange width (FW) will become thinner 

 The flange height (FH) will become higher 

 

                                                 
1
   Both plus and minus tolerances may be applied to the same dimension resulting in a bilateral set 

2
   Both Max and Min tolerances may be applied to the same dimension resulting in a limit set 
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The running, or tread surface of the wheel will also wear. All surfaces should be checked 

whenever the wheel is being inspected and the wheel re-machined or replaced if the surface 

shows significant wear, grooving, flat spotting or other defects.  In this inspection, the diameters 

of the two wheels making up a wheelset should be compared.  They must be close to the same 

value in order for the wheels to track correctly.  In the case of a truck or locomotive having 

multiple axles, the allowable variation from one axle to another is greater than for the wheels on 

the same axle but should also be maintained to a small value
3
. 

Wheel Diameter 

The initial diameter of the tread area of the wheel depends on the plans or prototype being 

followed.  Because of this, a specific value is not provided.  In the prototype, the diameter is 

measured at a point known as the “tape circle”.  This is the point at the center of the contact area 

between the wheel tread and the top of the rail with the wheelset centered between the rails.  In 

the scale models covered here, many different types of rail may be used.  Since gauge is 

measured from the inside edge of the rail and head width varies with the rail design, it is not 

possible to determine a similar point to use.  Generally, the only issue is to make all wheels the 

same size as explained above. 

1.  Defined Standards Applicable To All Wheel Designs 
Based on long experience in the various scales, and input from many users and designers, two 

values have been found that apply to all scales and gauges. 

1.1 Tread Angle (TA) 

The surface of the wheel that contacts the top of the rail carries the weight of the car or 

locomotive.  Slow moving equipment, such as mine cars and cranes, can have a flat surface to 

maximize load capacity.  Railroad wheel have a taper as shown in Figure 1 for several reasons. 

Hunting 

The term “hunting” describes a side to side movement of a car or locomotive while on straight 

track.  Its effect becomes greater with speed and causes wheel and rail wear.  It is also an 

uncomfortable feeling for passengers.  A complete mathematical analysis of this action has been 

developed but is beyond what is needed here. 

 

On straight (tangent) track both wheels contact the rail at a point that is the same diameter.  The 

effect of the taper of the tread is that as a wheel moves sideways relative to the rail its effective 

diameter becomes larger or smaller.  This then changes the circumference.  In railroad wheelsets, 

both wheels are rigidly mounted to the same axle and must therefore rotate at the same speed.  

When a wheelset begins to move off center, for example to the right, the wheel on the right side 

moves such that its circumference becomes larger.  At a constant rotational speed, this has the 

effect of making the wheel move linearly down the track at a faster speed.  The wheel on the left 

side would have the opposite effect.  This results in a turning motion, about a vertical axis, which 

                                                 
3
   In prototype practice, values are specified for these variations between wheels (Code of Federal Regulations, Title 

49). These are in terms of circumference for two wheels on the same axle and the value is 1/4 inch.  

Between wheelsets in the same truck it is in diameter and the value is 3/4 inch.  In scale, these values 

become very small and are not generally specified  (in 1 1/2 inch scale the 1/4 inch value becomes 0.010 in 

diameter). 
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directs the truck, car or locomotive back to center.  This action takes place very quickly resulting 

in minimum sideways movement before correction eliminating a noticeable hunting movement. 

Turning Into Curves 

In the case of hunting, the wheelset moves sideways relative to straight track.  When it is the 

wheelset that is going straight but the track that curves, a similar effect takes place.  Here, the 

difference in circumference that happens upon entering a curve and the resulting turning effect 

results in a change of direction into the curve. 

 

This sideways movement also changes the loading on the wheels and is part of the effects that 

guides the truck or overall equipment into the turn.  This is a complex interaction and is not 

discussed here. 

Differential Action On A Curve 

When going around a curve, the outer wheel must travel a longer distance than the inner wheel.    

The outer wheel will move sideways away from the center point of the curve radius resulting in a 

larger diameter part of the wheel being in contact with the rail.  The inside wheel will do the 

opposite, becoming effectively smaller in diameter at the same time.  This allows the wheels to 

continue to turn at a constant revolution rate around the curve. 

 

For any specific wheel, rail, and gauge there is a minimum value at which the wheelset cannot 

provide any greater change in circumference.  Travel around a curve with a radius smaller than 

this results in slippage of the wheel.  Where necessary for track design this can be 

accommodated but will increase wear and drag. 

Results 

For these reasons a taper defined by the tread angle (TA) must be present.  The greater the 

amount of this angle, the smaller the minimum radius that can be negotiated without slippage. 

 

The tread angle, however, cannot be made too large.  This is because the taper of the wheels 

results in the force resulting from the weight of the equipment being both downward and 

outward.  This sideways force is, in effect, trying to move the rail over.  To help visualize this 

consider the taper of both of the wheels acting as a wedge to spread apart the rails.  The greater 

the tread angle the larger the portion of the weight that will be applied sideward.  For this reason 

a balance must be obtained between a greater angle allowing for smaller minimum radius 

operation and a smaller angle that limits forces on the rail to manageable levels. 

 

It has been found that a maximum angle of slightly less than three degrees best meets all these 

requirements.  This has been standardized as a value of 2 degrees, 50 minutes, 00 seconds (2 50’ 

00”).  It is important to understand that this method of expressing angles, common in civil 

engineering, is equal to 2 5/6 degrees (50 out of 60 minutes) and not 2.5 degrees.  The measured 

value with tolerance is 2.8333 NMT. 

1.2 Flange Angle (FA) 

The shape of the track, loading, and movement of live loads, such as passengers, can cause the 

flange to move sideways and contact the side of the rail.  If this takes place, it is important to 

minimize the area of contact by including a taper of the side of the flange.  This flange angle 
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(FA) needs to consider the shape of the side of the rail head, which can vary greatly depending 

on the source of the rail.  The same consideration applies to the back side of the wheel when 

passing a guard rail or going through a frog. 

 

The standardized value found for this flange angle is ten degrees (10).  The measured value with 

tolerance is 10 NLT. 

2.  The Scale Of The Model 
It is assumed that in the design of a new model a scale has been determined.  This scale can then 

be used to begin the determination of the various dimensions needed for the wheels and 

wheelsets.  In the case of replacement wheels for existing equipment, it may be necessary to 

estimate a scale based on the track gauge and overall size of the equipment. 

2.1 Scales 

Table 1 is a list of the most popular scales by their common name, the scale in inches to the foot, 

a ratio of the model to the prototype, and the prototype to which they usually apply.  It covers 

most equipment that is in use or being designed today. 

2.2 Tire Width (TW) 

It is common to define a minimum overall wheel width, discussed here as tire width (TW), based 

on appearance of the wheel as part of the overall scale of the model.  From this, Table 1 lists tire 

width values based on a six inch wide prototype design
4
.  A wider value may be used if 

following a specific prototype or to use available parts.  The tolerance on this dimension is 

therefore a Min value. 

 

This minimum width of the wheel is determined by the rail used and the amount of sideways 

motion that takes place in operation.  It is common to widen track gauges to allow long 

wheelbase equipment to operate better on curves and this increases the distance that a wheel may 

move across the width of the rail head.  If the maximum offset of the wheel on the rail still 

provides an acceptable contact area, and compatibility with other tracks is not needed, a tire 

width value less than that given may be used. 

2.3 Track Gauge (TG) 

The track gauge (TG) is measured from the inside edge of the rail head to the same point on the 

other rail.  If the side of the rail being used has a taper, the measurement is made at the innermost 

point on the surface.  The gauges listed are representative and are often widened for operational 

reasons.  At this point trackwork is not being discussed so a minimum tolerance is applied to this 

value. 

 

In later tables, remaining values for each scale and gauge given in Table 1 will be provided.  

Where more than one track gauge is listed separate values will be provided.  In addition, in the 

footnotes to this table are other alternative designs that may be found and must be considered. 

 

                                                 
4
  To maintain compatibility with existing equipment the tire widths for 1/2” and 3/4” scales are slightly wider 
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Table 1 – Scales, Tire Widths and Track Gauges 

Common 
Name 

Scale Ratio Prototype Tire Width 
TW in 
inches 

Track Gauge
5
 

TG in inches 

1/2 inch 1/2” = 1’  1:24 Standard Gauge 9/32 Min 2.5 Min 

3/4 inch
6
 3/4” = 1’ 1:16 Standard Gauge 13/32 Min 3.5 Min 

1 inch 1” = 1’ 1:12 Standard Gauge 1/2 Min 4.75
7
 or 5

8
 Min 

Tenth 1.2” = 1’ 1:10 3 foot Narrow 

Gauge 

0.6 Min 3.5 Min 

1 1/2 NG
9
 1 1/2” = 1’ 1:8 3 foot Narrow 

Gauge 

3/4 Min 4.75
10

 Min 

1 1/2 inch 1 1/2” = 1’ 1:8 Standard Gauge 3/4 Min 7.25
11

 or 7.5
12

 Min 

1.6 inch 1.6” = 1’ 1:7.5 Standard Gauge 0.8 Min 7.5 Min 

2 1/2 inch 

or 2 1/2 NG 

2 1/2” = 1’ 1:4.8 3 foot Narrow 

Gauge 

1 1/4 Min 7.5 Min 

3 NG 3” = 1’ 1:4 3 foot Narrow 

Gauge 

1 1/2 Min 9 Min 

3 inch 3” = 1’ 1:4 Standard Gauge 1 1/2 Min 15
13

 or 14 or 14.125 

or16 Min 

3 3/4 inch 

or 3 3/4 NG 

3 3/4” = 1’ 1:3.2 2 foot Narrow 

Gauge 

1 7/8 Min 7.5 Min 

4 NG 4” = 1’ 1:3 3 foot Narrow 

Gauge 

2 Min 12 Min 

5 NG 5” = 1’ 1:2.4 3 foot Narrow 

Gauge 

2 1/2 Min 15 Min 

5 inch 5” = 1’ 1:2.4 Standard Gauge 2 1/2 Min 18 Min 

6 NG 6” = 1’ 1:2 2 foot Narrow 

Gauge 

3 Min
14

 12 Min 

 

                                                 
5
   Basic value for tangent (straight) tracks.  Often widened, especially on curves 

6
   3/4 inch scale equipment intended to operate only on dual gauge (3 1/2” and 4 3/4” or 5”) track should use wheel 

flanges meeting 1 inch scale dimensions.  This is because these tracks will be laid with 1 inch scale rail and 

frogs.  In later sections this is covered by two separate listings 
7
   Most common in United States 

8
   Most common in other areas of the world 

9
   NG – Narrow gauge as operated in the many areas of the United States 

10
   If operating on tracks using 1 inch scale rail and frogs the flanges must follow 1 inch scale standards.  If tracks 

are laid using 1 1/2 inch scale components then use 1 1/2 inch scale standards. In later sections, this is 

covered by two separate listings. 
11

   Most common in Northeast United States, Eastern Canada, and other areas of the world 
12

   Most common in other areas of the United States 
13

   Most common 
14

  It is common to find 6 NG, some 4 NG and limited other larger scales operating on rail larger than 12 pound.  

The greater head width of this rail combined with widened track gauge for curves must be considered in 

determining minimum wheel width where this is found.  
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3.  The Rail Used For The Track 
Various rails that are, or have been made, are listed in Table 2.  For each there is a description of 

the size and material.  Also given are the typical scales and gauges for which they are used.  In 

addition, some known sources of supply are provided.  Note that both current suppliers and 

former suppliers are listed.  In the same category, there may be some variation between 

suppliers, and in some cases changes have taken place for the same supplier over time.  If you 

are trying to match a specific rail, it is best to refer to the manufacturers literature for a complete 

set of dimensions. 

 

Table 2 – Common Rails, Typical Scales, Gauges, and Suppliers 

Description of 
Rail 

Material Used for 
Scales 

Used for 
Gauges 

Current Suppliers 
former suppliers 

Code 332 various 1/2 inch 2.5 hobby shop item 

Exact 1” 

Scale 

1/2” high 

Aluminum 3/4 inch 

Tenth 

1 inch 

1 1/2 NG 

3.5 

4.75 

5 

Real Trains 

5/8” high Aluminum 3/4 inch 

Tenth 

1 inch 

3.5 

4.75 

5 

Friends Yankee Workshop 

Culp Rail 

Real Trains (special order) 

Little Engines 

Buddy-L Steel 1 inch 4.75 Buddy-L 

0.825” high Aluminum 1 1/2 inch 7.25 

7.5 

Culp Rail 

Exact 1 1/2” 

Scale 

0.891” high 

Aluminum 1 1/2 inch 

1.6 inch 

2 1/2 inch 

3 3/4 inch 

7.25 

7.5 

Real Trains 

1” high 

standard
15

 

Aluminum 1 1/2 inch 

1.6 inch 

2 1/2 inch 

3 3/4 inch 

7.25 

7.5 

Cannonball 

L S Rail 

Live Steam Locomotives 

1” high 

West Coast
16

 

Aluminum 1 1/2 inch 

1.6 inch 

2 1/2 inch 

3 3/4 inch 

7.25 

7.5 

Cannonball 

Real Trains (special order) 

RMI Railworks
17

 

Koster’s Miniature Railroad 

1” high 

West Coast 

Steel 1 1/2 inch 

1.6 inch 

2 1/2 inch 

3 3/4 inch 

7.25 

7.5 

RMI Railworks 

                                                 
15

   Standard rail is flat on top 
16

   West Coast rail has a radius or crown on the top surface 
17

   Sold only with ties as part of a track system, formerly sold separately 
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1 1/4” high Aluminum 2 1/2 inch 

3 3/4 inch 

7.5 RMI Railworks 

Exact 3” 

Scale 

1.5” high 

Aluminum 3 NG 

3 inch 

5NG 

9  12  14 

14.125 

15  16 

Real Trains 

ASCE
18

 

8 pound 

mining rail
19

 

1.5” high 

Steel 3 NG 

3 inch 

4 NG 

5NG 

9  12  14 

14.125 

15  16 

currently available only as 

used from various suppliers 

ASCE 

12 pound 

mining rail
20

 

2” high 

Steel 3 NG 

3 inch 

4 NG 

5NG 

6 NG
21

 

9  12  14 

14.125 

15  16 

currently available only as 

used from various suppliers 

3.1 Flange Width (FW) 

In most common applications, certain rails are used for a particular scale.  The same rails will be 

used where more than one track gauge is found for that scale (i.e., narrow gauge).  In order to 

understand the needed dimensions for the wheel flanges it is necessary to review how the flange 

interacts with the rail.  In addition to providing a limit to the amount of sideways motion that can 

take place between the wheel and the rail, the flange must also be compatible with the flangeway 

used with the rail being used. 

Flangeways 

The most common location considered a flangeway is within the frog of a switch (turnout) or a 

crossing (Figure 2).  In a cast frog there is a groove of a certain width and depth in the frog that 

allows passage of the wheel flange.  In rail type frogs that fit between standard rails the width of 

the flangeway is the space between the rail heads and the depth is the distance from the top of the 

rail down to the surface of the frog that is below the rail head.  It is important to understand that 

in passing through a frog the tread of the wheel becomes unsupported when crossing the gap in 

front of the point.  During this time, the outer surface of the flange carries the load by running on 

the surface of the frog.  If the flangeway is too deep, the wheel will drop down and the wheel 

tread will pound against the sharp point and quickly damage it. 

 

A flangeway also exists as the space between the running rail and a guard rail.  The depth here 

can be any amount that is greater than the minimum depth specified for the flangeway.  This is 

due to the fact that the guard rail only contacts the back of the wheel and the outer edge of the 

flange is not supported since the wheel remains continuously on top of the running rail. 

 

                                                 
18

   American Society of Civil Engineers 
19

   Rail is designed for independently turning wheels as used on mine cars and is flat on top 
20

   Rail is designed for independently turning wheels as used on mine cars and is flat on top 
21

  4 NG and 6 NG scale equipment is often operated on larger rails, such as 16 or 20 pound.  Since this rail is 

currently available new it is also found on 3 and 5 inch scale tracks 
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Changes in Track Gauge 

While it is uncommon to have switches or crossings that are curved, many layouts being built 

today utilize a wider than standard gauge to make operation on curves easier for long wheelbase 

equipment, and then carry that same wider gauge through to the tangent parts of the track.  This 

allows building of only one standard track panel and simplifies maintenance.  In the case of 

guard rails, the wider track gauge must result in a corresponding increase in width of the 

flangeway.  This is because the wheelset remains the same width while the rails are farther apart. 

 

 

Figure 2 – Flangeways - Frogs and Guard Rails 

Wheel Wear Versus Flangeway Width 

In the past, it has been common to specify the flange width only as a maximum value.  The 

assumption is that as the width becomes thinner with wear it will reach a point where the sharper 

edge radius causes derailments or the flange becomes so thin that it breaks.  Either of these will 

result in the replacement of the wheel.  With the more common use of steel wheels and their 

resulting wear patterns, this is not always the case. 

 

To understand the effect of a thinner than normal flange refer to Figure 3.  This drawing shows a 

1 1/2” scale standard wheel with the flange reduced to 75% of the specified maximum width.  

The rail is a one-eighth scale model of the AREMA
22

 132 pound prototype rail.  The track gauge 

within the drawing has been condensed from the standard 7 1/2” by 5” to allow the other parts of 

the figure to be larger and better show detail.  The upper half of the figure shows the wheelset 

centered on the rails. 

 

The lower half of the figure shows the left wheel in a flangeway of a rail type frog.  The wheelset 

has been moved to the right a maximum amount.  On the wheel on the right, we reference the 

point at which the side of the flange intersects the gauge radius.  On the rail, we reference the 

point where the top corner radius intersects the side of the head.  When these points are in 

                                                 
22

  American Railway Engineering and Maintenance Association, a division of the Association of American 

Railroads (AAR) 
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contact, maximum sideways movement has taken place.  Movement beyond this point will result 

in the side of the flange climbing up and over the rail producing a derailment. 

 

What is important to note is that with the movement of the wheelset the back side of the flange 

on the other (left side) wheel has moved completely across the flangeway width. 

 

 

Figure 3 – Flange Thickness Effects on Flangeway Width 
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Where Flange Width Is Measured 

In using these dimensions, it is necessary to carefully understand at which points on the wheel 

are being specified (Figure 4).  The values presented here represent a recent change
23

 in defining 

the points between which the flange width is measured.  Previously the flange width was 

measured from the back surface of the wheel to a point at which the straight line that is the tread 

side of the flange becomes tangent to the gauge radius.  Drawing this point is complicated by the 

fact that it represents a curve between two angles, all of which have tolerances that must be 

applied. 

 

 

Figure 4 – Measurement of Flange Width and Height 

 

Flange width is now specified to a point where the surface of the tread would meet the surface of 

the flange if no gauge radius were present.  This intersection point is within the metal of the 

wheel and cannot be measured on the final wheel.  Since the prior method was also difficult to 

measure directly, it is not a complication to use this new location.  For measuring or inspection, 

gauges cut to the wheel edge profile or optical comparator inspection equipment is 

recommended. 

Maximum and Minimum Flange Widths 

In Table 3, the maximum flange width (FW) for a new wheel is provided based on the 

measurement method explained above.  These are different values than previously listed but 

result in a flange that is the same size as the prior dimensions. 

                                                 
23

   The prior values for flange width are presented in the Appendix for comparison 
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The minimum width after wear of the flange is specified as 75% of the maximum for a new 

wheel.  This again results in the same size flange as the prior values. 

 

The values listed provide reasonable strength, allow proper radius values, and maintain 

compatibility with existing track layouts.  They allow for proper design of flangeways and the 

relating trackwork. 

 

Table 3 – Flange Width Based on Rail Used – New Measurement Method 

Scale Track Gauge Rail Flange Width 
  (FW) - New 

Flange Width 
 (FW) – With Wear 

1/2 inch 2.5 Code 332 0.067 NMT 0.050 Min 

3/4 inch 3.5 1/2” 5/8” 0.101 NMT 0.076 Min 

3/4 and  

1 inch 

3.5 and 4.75 dual 

gauge 

1/2” 5/8” 0.134 NMT 0.100 Min 

1 inch 4.75 or 5 1/2” 5/8” 0.134 NMT 0.100 Min 

Tenth 3.5 1/2” 5/8” 0.134 NMT 0.100 Min 

1 1/2 NG 4.75 on 1” scale track 1/2” 5/8” 0.134 NMT 0.100 Min 

1 1/2 NG 4.75 on 1 1/2” scale 

rail 

0.891” 1” 0.169 NMT 0.127 Min 

1 1/2 inch 7.25 or 7.5 0.825” 0.891” 1” 0.169 NMT 0.127 Min 

1.6 inch 7 25 or 7.5 0.891” 1” 0.169 NMT 0.127 Min 

2 1/2 inch 7.25 or 7.5 0.891” 1” 1 1/4” 0.169 NMT 0.127 Min 

3 NG 9 1.5” 8 pound 0.339 NMT 0.254 Min 

3 inch 14 14.125 15 or 16 1.5” 8 pound 0.339 NMT 0.254 Min 

3 3/4 inch 7.25 or 7.5 0.891” 1” 1 1/4” 0.169 NMT 0.127 Min 

4 NG 12 12 pound 0.410 NMT 0.301 Min 

5 NG 15 1.5” 8 pound 0.339 NMT 0.254 Min 

5 inch 18 12 pound 0.410 NMT 0.301 Min 

6 NG 12 12 pound 0.410 NMT 0.301 Min 

 

3.2   Flange Height (FH) 

Based on the discussion of flangeways provided above, the flange height (FH) must be 

compatible with the depth within a frog such that the wheel remains supported by the edge of the 

flange when the tread portion is not supported by the rail.  Based on well developed standards, 

and to maintain compatibility with existing track, specific dimensions have been developed and 

are provided in Table 4.  Both a value for newly produced wheels and a limiting value after wear 

are given. 

 

The outer edge of the flange (the center of the radius) will wear down much more slowly than the 

tread surface of the wheel that normally contacts the rail.  The net result of this wear is that the 

flange, in effect, becomes higher.  For this reason the value after wear is actually greater than the 

new dimension. 
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As the flange becomes higher the wheel lifts up and across the frog in essence producing a 

“bump” like action.  The wear value is specified to limit this effect as being one-sixth 

(approximately 17%) greater than the new dimension. 

 

Table 4 – Flange Height Based on Rail Used 

Scale Track Gauge Rail Flange Height 
  (FH) - New 

Flange Height 
 (FH) – With Wear 

1/2 inch 2.5 Code 332 0.075 NLT 0.088 Max 

3/4 inch 3.5 1/2” 5/8” 0.094 NLT 0.110 Max 

3/4 and  

1 inch 

3.5 and 4.75 dual 

gauge 

1/2” 5/8” 0.140 NLT 0.163 Max 

1 inch 4.75 or 5 1/2” 5/8” 0.140 NLT 0.163 Max 

Tenth 3.5 1/2” 5/8” 0.140 NLT 0.163 Max 

1 1/2 NG 4.75 on 1” scale track 1/2” 5/8” 0.140 NLT 0.163 Max 

1 1/2 NG 4.75 on 1 1/2” scale 

rail 

0.891” 1” 0.187 NLT 0.218 Max 

1 1/2 inch 7.25 or 7.5 0.825” 0.891” 1” 0.187 NLT 0.218 Max 

1.6 inch 7 25 or 7.5 0.891” 1” 0.187 NLT 0.218 Max 

2 1/2 inch 7.25 or 7.5 0.891” 1” 1 1/4” 0.187 NLT 0.218 Max 

3 NG 9 1.5” 8 pound 0.375 NLT 0.438 Max 

3 inch 14 14.125 15 or 16 1.5” 8 pound 0.375 NLT 0.438 Max 

3 3/4 inch 7.25 or 7.5 0.891” 1” 1 1/4” 0.187 NLT 0.218 Max 

4 NG 12 12 pound 0.500 NLT 0.583 Max 

5 NG 15 1.5” 8 pound 0.375 NLT 0.438 Max 

5 inch 18 12 pound 0.500 NLT 0.583 Max 

6 NG 12 12 pound 0.500 NLT 0.583 Max 

 

In using these dimensions, it is necessary to carefully understand at which points on the wheel 

are being specified (refer to Figure 4).  The flange height is measured from the intersection of the 

straight line that is the back of the flange with the back surface of the wheel, and then to the 

outer edge of the wheel radius (typically the center of the curve). 

3.3 Gauge Radius (GR) 

Between the tread surface of the wheel and the outer side surface of the flange is a fillet defined 

as the gauge radius (GR).  Values for this radius are presented in Table 5.  The gauge radius must 

be tangent at both ends with the adjoining straight lines that make up the tread of the wheel and 

the side of the flange. 

The Need For A Gauge Radius 

While the taper of the wheel tread normally allows for the differential action around a curve, in 

the case of a very tight radius the gauge radius portion of the wheel may run up on to the rail.  A 

shift in the load on the car or other external forces may also result in this sideways movement.  

When this takes place, it is important that the gauge radius dimension properly interacts with the 

top corner radius of the rail.  I should be noted that in very small scale models (G gauge and 

smaller) this radius is often omitted. 
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The gauge radius dimension must always be larger than the top corner radius of the rail.  If this is 

not the case, then the side of the flange will contact the side of the rail head before the gauge 

radius can take effect to stop sideways movement.  This contact can result in the wheel climbing 

over the rail, or it can cause it to stop turning.  Either will generally cause a derailment. 

 

Table 5 – Gauge Radius and Flange Radius Based on Rail Used 

Scale Track Gauge Rail Gauge Radius 
 (GR) - New 

Gauge Radius 
(GR) – With Wear 

Flange 
Radius (FR) 

1/2 inch 2.5 Code 332 0.033 NMT 0.025 Min 0.030 Approx 

3/4 inch 3.5 1/2” 5/8” 0.063 NMT 0.047 Min 0.040 Approx 

3/4 and 

1 inch 

3.5 and 4.75 

dual gauge 

1/2” 5/8” 0.083 NMT 0.062 Min 0.050 Approx 

1 inch 4.75 or 5 1/2” 5/8” 0.083 NMT 0.062 Min 0.050 Approx 

Tenth 3.5 1/2” 5/8” 0.083 NMT 0.062 Min 0.050 Approx 

1 1/2 

NG 

4.75 on 1” 

scale track 

1/2” 5/8” 0.083 NMT 0.062 Min 0.050 Approx 

1 1/2 

NG 

4.75 on 1 1/2” 

scale rail 

0.891” 1” 0.125 NMT 0.094 Min 0.062 Approx 

1 1/2 

inch 

7.25 or 7.5 0.825” 

0.891” 1” 

0.125 NMT 0.094 Min 0.062 Approx 

1.6 inch 7 25 or 7.5 0.891” 1” 0.125 NMT 0.094 Min 0.062 Approx 

2 1/2 

inch 

7.25 or 7.5 0.891” 1”  

1 1/4” 

0.125 NMT 0.094 Min 0.062 Approx 

3 NG 9 1.5” 8 pound 0.250 NMT 0.187 Min 0.125 Approx 

3 inch 14 14.125 15 

or 16 

1.5” 8 pound 0.250 NMT 0.187 Min 0.125 Approx 

3 3/4 

inch 

7.25 or 7.5 0.891” 1”  

1 1/4” 

0.125 NMT 0.094 Min 0.062 Approx 

4 NG 12 12 pound 0.333 NMT 0.250 Min 0.167 Approx 

5 NG 15 1.5” 8 pound 0.250 NMT 0.187 Min 0.125 Approx 

5 inch 18 12 pound 0.333 NMT 0.250 Min 0.167 Approx 

6 NG 12 12 pound 0.333 NMT 0.250 Min 0.167 Approx 

 

Wear Effects 

The gauge radius surface of the wheel will not wear to a simple radius but will tend to wear more 

sharply towards the wheel tread portion.  In evaluating a worn wheel, it is necessary to determine 

where the minimum radius value exists and approximately what it is.  A similar effect also takes 

place, more slowly, on the rail head in that the top corner radius becomes larger with time.  

These two wear effects, one becoming larger while the other becomes smaller will make the 

values converge (become equal).  To allow for both of these wear effects, and the various rail 

designs that are used, a minimum value with wear has been determined for reliable operation. 
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A value for a new wheel that is one-third larger than the minimum with wear value has proven to 

be a good starting point.  This value is listed as an approximate value.  Slightly larger or smaller 

starting values may be use if desired. 

A Historical Note 

The smaller value (which is the with wear value) has been widely quoted and republished from 

the initial correspondence that developed it.  Especially in the case of 1 1/2 inch scale this has, 

unfortunately, often not been done correctly.  In the initial work, this value was always given as a 

minimum, which is what is desired.  Many later sources have changed it to an exact value, often 

adding very limiting tolerances.  Wheels machined to these dimensions will often quickly wear 

to a value that is too small for reliable operation. 

3.4 Flange Radius (FR) 

The flange radius (FR) given in Table 5 is an approximate value that depends on many of the 

other dimensions and their tolerances.  The final value used should be whatever is needed to 

provide a smooth transition from side to side of the flange.  Specifically, the end of the radius 

must be tangent to the straight portion of the side of the flange at both ends while resulting in the 

specified flange height.  On small wheels, it is common to simply shape this radius with a file 

instead of trying to turn it to an exact value (depending on the machine being used). 

4.  The Spacing Between The Wheels 
The values developed above, along with a desired overall tread diameter, completely define each 

individual wheel.  Placing two wheels on an axle to produce a wheelset requires a determination 

of the spacing between them.  This requires an expansion of the tables used previously since 

values to be determined vary by each individual track gauge. 

4.1 Back To Back Wheel Spacing (WB) 

The value to be determined is the back to back spacing between the wheels (WB).  This 

dimension is easy to measure and is often what is checked prior to allowing new equipment to 

operate on a track. 

 

Values have been developed over many years to provide interchangeability of equipment 

between various tracks.  These are given in Table 6.  Note that in each case an exact value is 

given with a positive tolerance value.  To determine an allowable range of values take the 

dimension given as a minimum and add the tolerance to get a maximum value. 

Summary 
By following the four steps presented here all dimensions, except diameter, can be determined 

for the design, production, or inspection, of a wheel or wheelset.  The additional information 

provided has been included to allow an understanding of the reason behind each dimension and 

its importance to proper operation. 
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Table 6 – Wheelset Dimensions and Tolerances 

Scale Track Gauge Back to Back (WB) 

1/2 inch 2.5 2.281 + 0.020 

3/4 inch 3.5 3.281 + 0.020 

3/4 and 1 dual gauge 3.5 gauge portion 3.233 + 0.020 

3/4 and 1 dual gauge 4.75 gauge portion 4.437 + 0.020 

1 inch 4.75 4.437 + 0.020 

1 inch 5 4.687 + 0.020 

Tenth 3.5 3.233 + 0.020 

1 1/2 NG 4.75 on 1” scale track 4.437 + 0.020 

1 1/2 NG 4.75 on 1 1/2” scale rail 4.391 + 0.020 

1 1/2 inch 7.25 6.875 + 0.020 

1 1/2 inch 7.5 7.125 + 0.020 

1.6 inch 7 25 6.875 + 0.020 

1.6 inch 7.5 7.125 + 0.020 

2 1/2 inch 7.25 6.875 + 0.020 

2 1/2 inch 7.5 7.125 + 0.020 

3 NG 9 8.250 + 0.040 

3 inch 14 13.250 + 0.040 

3 inch 14.125 13.375 + 0.040 

3 inch 15 14.250 + 0.040 

3 inch 16 15.250 + 0.040 

3 3/4 inch 7.25 6.875 + 0.020 

3 3/4 inch 7.5 7.125 + 0.020 

4 NG 12 11.000 + 0.050 

5 NG 15 14.250 + 0.040 

5 inch 18 17.000 + 0.050 

6 NG 12 11.000 + 0.050 

 



Page 17 
 

Copyright 2014 International Brotherhood of Live Steamers 

Appendix 
To maintain consistency with prior references the table here provides flange width values based 

on the previous measurement method as discussed in the main text. 

 

Table A – Flange Width Based on Rail Used – Prior Measurement Method 

Scale Track Gauge Rail Flange Width 
  (FW) - New 

Flange Width 
 (FW) – With Wear 

1/2 inch 2.5 Code 332 0.063 NMT 0.047 Min 

3/4 inch 3.5 1/2” 5/8” 0.094 NMT 0.070 Min 

3/4 and  

1 inch 

3.5 and 4.75 dual 

gauge 

1/2” 5/8” 0.125 NMT 0.094 Min 

1 inch 4.75 or 5 1/2” 5/8” 0.125 NMT 0.094 Min 

Tenth 3.5 1/2” 5/8” 0.125 NMT 0.094 Min 

1 1/2 NG 4.75 on 1” scale track 1/2” 5/8” 0.125 NMT 0.094 Min 

1 1/2 NG 4.75 on 1 1/2” scale 

rail 

0.891” 1” 0.156 NMT 0.117 Min 

1 1/2 inch 7.25 or 7.5 0.825” 0.891” 1” 0.156 NMT 0.117 Min 

1.6 inch 7 25 or 7.5 0.891” 1” 0.156 NMT 0.117 Min 

2 1/2 inch 7.25 or 7.5 0.891” 1” 1 1/4” 0.156 NMT 0.117 Min 

3 NG 9 1.5” 8 pound 0.313 NMT 0.234 Min 

3 inch 14 14.125 15 or 16 1.5” 8 pound 0.313 NMT 0.234 Min 

3 3/4 inch 7.25 or 7.5 0.891” 1” 1 1/4” 0.156 NMT 0.117 Min 

4 NG 12 12 pound 0.375 NMT 0.281 Min 

5 NG 15 1.5” 8 pound 0.313 NMT 0.234 Min 

5 inch 18 12 pound 0.375 NMT 0.281 Min 

6 NG 12 12 pound 0.375 NMT 0.281 Min 

 

 


