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Background: 
When Ives first produced wide gauge locomotives, 
the 1 1/8 inch wide 1 gauge motors were adapted 
for the purpose.  The wheels had longer axles to 
adapt to the wider gauge.  Ultimately Ives produced 
a wider motor, 1 13/32 inches wide, that would take 
advantage of the extra space between the rails, but it 
did not appear until 1927. The number of 
laminations in both the armature and the field was 
increased from 11 to 15, improving the power of the 
motor.  In addition, an extra intermediate gear was 
added to increase the torque advantage of the motor 
gear train from 1:7.5 to 1:12.5. 
 
The question to be addressed here is, “How much 
difference did it make?”  Does the later type motor 
have enough advantage that one would prefer to 
operate trains with it rather than the early motor as a 
practical matter?  The short answer is “Yes, the 
larger motor helps a lot.”  The smaller early motor 
is at risk when pulling a heavy train because it is 
much less efficient and heats up quite a bit more 
than the later one. It also requires a larger 
transformer for a given load.  (I maxed out my early 
Lionel V with 4 or 5 cars.) 
 
The issue was examined by comparing two electric 
outline locomotives, an early motor 3241 and a late 
motor 3242R.  Neither was “all original”, which 
was advantageous since the testing carried some 
risks.  The 3241 was the Green NYC&HR version 
with simulated 3rd rail pickup (Greenburg Type III, 
1921-1924), but it was missing its reverse switch, a 
simple slide switch being substituted.  It is pictured 
in Figure 1, with a view of the motor in Figure 2.  
The 3242R had been restored by Mr. Robert B. 
Moler, and had new (Model Engineering) wheels.  
It had a stamped steel frame with journal boxes and 
flag holders.  It came with a three car passenger 
train having snake pull couplers, so if the engine is 
contemporary with the cars it should date to 1929, 
assuming its features as restored were faithful to the 
original (Greenburg Type IV, 1928-1929). Similarly 
I have included pictures of the 3242R locomotive in 
Figure 3 and it’s motor is pictured in Figure 4. The 
pictures clearly show the difference in the motor 
width between these two locomotives. 

 
Figure 1: 3241Locomotive Used in Tests. 

 
Figure 2:  Narrow Early Motor in 3241. 

 
Figure 3: 3242R Locomotive Used in Tests. 
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Figure 4: Wide Late Motor in 3242R. 
Motor characteristics: 
The physical and electrical characteristics of the 
two motors are given in Table 1.  Figures 5 and 6 
show the respective armatures with some of the 
associated hardware.  Note the shaved washers used 
for spacers supporting the pinion bearing plate in 

the 3241 to allow space for the frame’s motor 
mounting points.  (An added expense!)  The 3242R 
had one carbon brush, but that may have been added 
in restoration.  Note the machined / filed armature 
pole pieces for the 3242R armature. 
 

 
Table 1:  Motor Characteristics 

 3241 3242R Notes 
Diameter of armature (in.) 1.241 1.225 1 
Width of armature (in) 0.486 0.678 1 
Laminations (armature and field) 11 15 2 
Resistance, armature (Ω) 1.205 1.56 3 
Resistance, field (Ω)  0.53 0.66  3 
Gap, armature pole to field (in) 0.064 0.069 4 
Inductance, armature (at120Hz, mH) 1.08 1.37 5 
Inductance, field (at120Hz, mH) 3.925 5.811 5 
Gear train (teeth on gear pairs) 10:45-45:75 10:75-45:75  

 
Notes: 1.  Diameter and width are an average of several physical measurements. 
 2.  The laminations are the same thickness in both motors and fields to within 2%. 

3.  Average of several measurements.  For armature, taken at commutator plates. 
4.  Gap measured from photographs, scaled by known armature radius. 
5.  Taken at low signal levels, several readings averaged, at brushes for armature. 
 

 
Figure 5: 3241 Armature and Pinion. 

 
Figure 6:  3242R Armature and Brush Plate. 

Most of the physical measurements seem consistent 
with a motor modified by just adding additional 
armature and field laminations.  The resistances 
increase by a factor of 1.25 (field) and 1.29 
(armature), fairly close to the expected increase in 
circumference (a factor of 1.2 for the armature) due 
to adding 4 additional laminations while leaving the 
wire size the same.   The wire gauge seems to be 
about AWG26 based on photographs, but closer to 
AWG28 based on resistance measurements and an 
estimated 60 to 75 turns per pole piece.  The 
armature wire size seems the same for both motors.  
This project did not include disassembling the 
armature!  Has someone measured the wire gauge 
directly? 

 
The inductance measurements are useful for 
comparison only, since the meter measured at 
120Hz rather than 60Hz, and the lamination 
material (silicon steel?) is nonlinear with field 
strength. The inductance measurements are 
interesting because one would expect the values to 
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increase with the square of the lamination cross 
section area, a factor of 1.86, based on the number 
of laminations (a factor of 1.36), if all other factors 
were about equal.  Instead, inductance increases 
only by a factor of 1.3 (armature) and 1.5 (field).  
The reason seems to be an increase in the air gap 
from the early to the late motor, which reduces the 
advantage gained from increasing the size of the 
lamination stack. 

 
The late motor armature pole pieces appears to have 
been filed down smooth after the armature was 
assembled.  That is, the armature laminations are 
the same as those of the early motor, but an extra 
(and nontrivial) manufacturing step was added to 
smooth the pole pieces.  This might be justified if a 
new field lamination stamping was to be used to 
reduce the gap tolerances as a second improvement 
to increase motor power.  (An alternative might be 
that the precision of mounting the bearing/brush 
plates and field had been found insufficient in 
previous motors, but with the already generously 
large gap, this seems unlikely.  Did earlier “late” 
armatures receive such similar treatment?  Or did 
later versions of the early ones?) 

 
The basic power of a motor depends very much on 
the magnetic circuit formed by the armature and 
field laminations.  All other things being equal, the 
cross section area is proportional to power handling.  
But, the gaps are also important.  Indeed, the air gap 
impedes magnetic flux way out of proportion to its 
size, and is a dominant factor.  So, in this case the 
area of the air gap increases by a factor of 15/11, 
but the gap increases in distance by a factor of about 
1.08, giving a net expected gain in power of 1.26 
rather than 1.36, still an improvement. 
 
The other major important difference is in the 
gearing.  The early motor had a 1:7.5 torque ratio to 
the wheels (at the expense of an equal ratio of 
reduction in speed).  The later motor increased the 

torque advantage by adding a more complex 
doubled intermediate gear, giving a 1:12.5 torque 
ratio, a factor of 1.67 better at a cost in speed.  This 
resulted in a better match of motor capabilities to 
the considerable power needed to pull standard 
gauge trains. 
 
Test track results 
Both locomotives were operated on a test track with 
varying loads.  The data is given in Tables 2 (3241) 
and 3 (3442R).  The cars added to increase the load 
were a caboose (195), tank car (190), reefer (192), 
coke car (191), and stock car (193) respectively as 
the train went from zero to five cars.  Power was 
supplied by an early Lionel type V transformer (0-
24V, although less than 10V would not give enough 
torque for motion).  Voltage was measured at ¼ 
circle from the track feed to give a useful average.  
Voltage and current readings were “visually” 
averaged.  Both measurements varied greatly and 
could not be read with precision.  Timing was 
performed by observing the time on a watch second 
hand for a certain number of circuits, usually 10. 
 
Figures 7 and 8 show the speed versus Voltage 
performance of the two locomotives under the 
various loads.  The oddities of the curves are 
indicative of both lack of precision and noticeable 
changes in engine performance while seemingly 
operating under constant conditions, especially 
when close to stall Voltage.  Both figures show the 
required Voltage to achieve a given speed 
increasing with load as expected.  Notice that 
although the 3241 starts moving at a lower voltage, 
it is affected much more by the increases in load, as 
seen by the widely spaced curves for different 
loads.  In contrast, the 3242R handles increased 
loads relatively easily.  A “head to head” 
comparison is seen in Figure 9.  Only with no load 
at all does the 3241 perform better, and even then 
only at low speeds. 
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Table 2 3241 Test Track Data 
cars laps V(Volts) I(Amps) Tsec) mph 

0 10 10.2 2 69 28.3 
0 10 11.2 2 44 44.3 
0 10 12.4 2.1 33 59.1 
0 10 13.3 2.1 30 65.0 
0 10 14.5 2.2 28 69.6 
1 10 12.4 2.3 51 38.2 
1 10 13.3 2.4 41 47.6 
1 10 14.6 2.4 35 55.7 
1 10 15.5 2.45 30 65.0 
1 10 16.8 2.55 27 72.2 
2 10 13.5 2.6 57 34.2 
2 10 14.6 2.6 44 44.3 
2 10 15.4 2.7 37 52.7 
2 10 16 2.7 35 55.7 
2 10 16 2.9 30 65.0 
3 10 15 3 66 29.5 
3 10 17 3 43 45.3 
3 10 17.5 3.1 35 55.7 
3 10 18.5 3.1 29 67.2 
4 4 16.5 3.1 30 26.0 
4 10 16.8 3.1 45 43.3 
4 10 21 3.45 25 78.0 
5 5 16 3.8 40 24.4 
5 10 18 3.5 40 48.7 

 

Table 3 3242R Test Track Data 
cars laps V(Volts) I(Amps) Tsec mph 

0 10 11.7 1.7 46 42.4 
0 10 11.9 1.7 46 42.4 
0 10 12.8 1.7 30 65.0 
0 10 12.8 1.7 29 67.2 
1 10 12.3 1.85 57 34.2 
1 10 13 1.85 40 48.7 
1 10 13.8 1.85 35 55.7 
1 10 14.6 1.85 28 69.6 
2 10 13 1.9 53 36.8 
2 10 14.3 2 35 55.7 
2 10 14.4 2 35 55.7 
2 10 15.4 2 27 72.2 
3 10 13.3 2.1 63 30.9 
3 10 14.5 2.1 45 43.3 
3 10 15.7 2.1 33 59.1 
3 10 16.3 2.1 27 72.2 
4 10 14.2 2.3 62 31.4 
4 10 15.6 2.3 37 52.7 
4 10 15.8 2.3 35 55.7 
4 10 17 2.2 26 75.0 
5 5 14.7 2.4 69 14.1 
5 10 15.1 2.4 97 20.1 
5 10 15.8 2.4 42 46.4 
5 10 17 2.4 33 59.1 
5 10 17.5 2.4 30 65.0 

 
 

 
Figure 7: 3441 Scale Speed as a Function of Voltage with Various Loads. 
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Figure 8: 3242R Scale Speed as a Function of Voltage with Various Loads. 

 
Figure 9: Head to Head, 3241 vs 3242R, Unloaded and with Three Cars. 

 
One of the issues not apparent in these figures is 
that, at any load, the 3241 also draws considerably 
more current, typically by a factor of 1.3 to 1.4.  
This is because the early 3241 motor, with its lower 
gear ratio, needs a higher torque, and hence a higher 
current, for any given load.  Furthermore, as the 
speed increases, current goes up somewhat for the 
3241, while it stays approximately constant for the 

3242R.  This is an indication that the 3241 motor is 
operating at or beyond its sustainable limits.  The 
3242R advantage, then, is actually greater than the 
speed versus voltage curves suggest.  This is seen 
by plotting “efficiency”, power out versus electrical 
power, in Figures 10 and 11.  (The engine itself is 
counted as a “car” for purposes of the calculations 
for these figures.) 
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Figure 10: 3241 Efficiency Versus Scale Speed for Various Loads. 

 

 
Figure 11: 3242R Efficiency Versus Scale Speed for Various Loads. 

The new motor achieves an efficiency about double 
that of the early motor.  That efficiency is 
important, because electrical power put into the 
motor which is not delivered as mechanical energy 
to pull the train is dissipated as heat inside the 
motor itself.  For the early motor pulling a 5 car 
train, the total motor resistance is at best 2.74 
Ohms, discounting losses in the brushes and 
connections.  At 3.8 Amperes, that is 40 Watts just 
from electrical resistance.  In addition, the magnetic 
core is saturating, resulting in increased core losses.  

In the testing this was manifest as a very hot motor.  
Indeed, the 3241 needed to wait and cool off before 
the last set of runs with 5 cars.  Operating a train 
like this for any significant time would ultimately 
destroy the motor.  (Look for smoke; if you see any, 
turn it off!)  In contrast, the 3242R motor dissipates 
only 12.8 Watts in resistance losses.  The motor 
does get pretty warm, but not nearly so much as the 
3241. 
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So, what’s the bottom line?  If you have an early 
motor, be careful what you try to pull.  The freight 
cars used for this test do not represent an extreme 
case.  If you have a 3243, those pony truck have to 
be the equivalent of dragging at least one more car 
around the track.  Have you oiled up your 
locomotive recently?  If not, that can increase the 
load.  If you are running the long bodied (and 
heavier) passenger cars, or cars with 6 wheel trucks, 
you had better figure that as adding perhaps another 
standard car worth of load to your train.  That poor 
little early motor is going to get very hot, very 

quickly.  And, you have a lot more invested in that 
locomotive than I do in my banged up 3241! 
References and Notes: 
Greenburg, Reichenback ed., Greenberg’s Guide to 
Ives Trains, Vol. 1, 2nd ed., 1991. 
Resistance and current measuremennts were made 
with an Extech 530 digital meter (true RMS).  
Voltage was read with a Metex 4650CR digital 
meter (averaging).  Inductance was read with an 
Extech 380193 LCR meter.  Mechanical 
measurements were made with a Kobalt 293883 
electronic caliper. 

 
 


