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About the Coalition for Sustainable Rail

The Coalition for Sustainable Rail (CSR) is dedicated to the refinement of solid biofuel technologies for use in the 
world’s first carbon-neutral higher speed locomotive.  Our team is a combination of the University of Minnesota 
and Sustainable Rail International (SRI), a 501c(3) nonprofit dedicated to the research and development of 
modern steam locomotives.  A scientific and educational organization, CSR’s mission is to advance biofuel research 
and production; to research and develop sustainable railroad locomotives; to promulgate associated sustainable 
technologies; and to support and conduct non-partisan educational and informational activities to increase 
awareness of sustainable railroad locomotives.

Cover Photo - CSR Technical Advisor Ing. Wolf Fengler walks in front of 3463’s 84” driving wheels on a late night work session.  The locomotive’s main 
rods have been removed and placed on the running boards in this photo and all axle roller bearings have been inspected and cleaned.

©2013. This paper is covered by the Creative Commons “Attribution-No Derivs-NonCommercial” license  (see http://creativecommons.org). It may be 
reproduced in its entirety as long as the Coalition for Sustainable Rail is credited, a link to CSR’s website is provided and no charge is imposed.  The paper 
may not be reproduced in part or in altered form, or if a fee is charged.  Please let CSR know if this paper reprinted (see www.csrail.org).
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Locomotive 3463 Move
Preparation Report

of the Coalition for Sustainable Rail

Introduction:

The Coalition for Sustainable Rail (CSR) sent a work crew to Topeka, Kansas in June 2013 to prepare its steam 
locomotive number 3463 for its first substantial move in 57 years.  The locomotive was placed in the park with 
a dedication ceremony on November 3, 1956.  It sat parallel to Topeka Avenue until the mid 1980’s when, as the 
Kansas Expocentre was being constructed, the locomotive was moved roughly 500 feet downhill and away from the 
main road.

As CSR prepares to move the locomotive out of the park, it is critical to ensure that when the locomotive rolls, 
it does not damage itself.  Because there has been little-to-no maintenance to core engine components since it 
was placed in the park, including no work to roller bearing axles and side rods, CSR needed to perform a detailed 
inspection and re-lubrication of those core components.  To accomplish that, CSR: 1) drained, inspected and refilled 
all of the roller bearings on the locomotive’s axles; 2) pulled off the main side rods and prepared the remaining 
rods to be cleaned and greased just-prior to the locomotive’s move and 3) disconnected the main rods from each 
crosshead, placing them on each respective running board, thereby isolating the piston from reciprocal movement 
during the upcoming move.

This document provides written and illustrated detail of work performed by the CSR’s expert, volunteer crew.  All 
materials were provided through tax-deductible donations made by its many donors.  

Readers that find themselves intrigued by the content of this document and the work of CSR are invited to consider 
making a tax-deductible donation in support of its efforts!  You may do so at www.csrail.org/support
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Axle Bearings:

Like many mainline steam locomotives manufactured 
after 1930, locomotive 3463 was designed and 
manufactured with low-resistance roller bearings on 
each of its axles.  Designed by A.T.&S.F. and Baldwin 
Locomotive Works mechanical engineering staff, the 
3460 class of locomotives were some of the most 
powerful and modern high-speed passenger steam 
locomotives of their type ever designed.  Unlike most 
other roller bearing-equipped steam locomotives of 
the era which featured Timken Brand “Tapered Roller 
Bearings,” the designers decided to equip all 3460 class 
locomotives with SKF Brand “Spherical Roller Bearings” 
on all lead, main, trailing and tender axles (26 bearings 
in total).  

Invented by Swedish company SKF, the spherical roller 
bearing has many similar attributes to those of the 
tapered roller bearing, but features greater resilience 
in the face of misalignment and flexing of axles under 
stress. According to the company: Spherical roller 
bearings have two rows of rollers, a common  sphered 

outer ring raceway and two inner ring raceways inclined 
at an angle to the bearing axis. The bearings are self-
aligning and insensitive to misalignment of the shaft 
relative to the housing, which can be caused, for 
example, by shaft deflection. Spherical roller bearings 
are designed to accommodate heavy radial loads, as well 
as heavy axial loads in both directions.

CSR contacted SKF regarding the bearings on its 
locomotive, including inspection protocol and 
lubrication standards prior to performing work on the 
engine.  SKF indicated that the roller bearings should 
be drained completely, inspected visually via boroscope 
and refilled with appropriate, yellow-metal-safe 
lubricant.

Beginning with easy-to-access trailing truck bearings, 
CSR began draining the half-century old bearing oil, 
which flowed out of the drain plug with little difficulty.  
Once flow waned to a trickle, the CSR crew unbolted the 
cast bearing covers and removed them.  Unsure what 
to expect, CSR discovered bearings in shockingly good 
condition considering the total lack of maintenance.  
Seeing no visible pitting on any of the bearings and 
little contaminant in the oil, the CSR crew went about 
draining the remainder of the axles of their oil.

Draining lead truck and main axle bearing oil proved 
an acrobatic exercise.  Despite having 84” driving 
wheels and bearing box centers half-as-high, the design 
of the locomotive’s brake rigging made accessing the 
drain plugs without an inspection pit an exercise in 

Bearing Box Design:  Taken from the 1941 locomotive cyclopedia, this 
drawing shows cross sections through SKF lead and trailing truck axles 
boxes, as used on locomotive 3463.

Where a roller meets the sphere:  This skewed view of the SKF-
designed spherical roller bearing illustrates its cross section quite clearly. 
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contortionism.  Working in pairs of two, one CSR 
crew member would clip all safety wires on the plugs, 
allowing them to rotate freely, while another member 
would lug along a drain pan, 15” wrench, rags and 
mats to begin the process of draining between three 
and seven quarts of oil from each of the bearing boxes, 
dependent upon the bearing box design. Again, as 
draining and inspection continued, CSR was pleased at 
the condition of each of the bearings. 

Once all bearings had been drained, CSR began the 
process of refilling each with fresh oil.  The lead and 
trailing truck bearings could be easily filled with a 
standard funnel and pitcher, but the driving axle boxes, 
which had traditionally been filled via oil pump, could 
not be easily replenished with bucket and funnel.  As an 
improvisation, CSR attached 10 feet of flexible tubing to 
the end of the funnel, snaking one end between driving 
wheel center openings and the frame and into the fill 
plug opening while pouring oil into the funnel from the 
outside of the locomotive.  

Shine with a paper seal:  When crews opened the trailing truck axle 
boxes, they were surprised with clean, rust-free bearings.

Kansas in Summer:  With sun beaming down, crew members discuss next steps with the side rods following removal of the eccentric crank.
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Rod Bearings:

The power of a steam locomotive is transmitted from 
pistons to a series of side rods that connect the driving 
wheels.  In 3463’s case, each of two pistons theoretically 
generates up-to 130,120 lbs of force, the effective force 
is often much lower due to internal inefficiencies in the 
steam circuit common to the 3460 class, something 
CSR will address in its rebuild.  A main rod connects the 
piston rod to the main driving pin, and coupling rods 
transmit that driving force to the remaining driving 
wheels.  The combination of driving wheel diameter, 
piston stroke and diameter, boiler pressure and weight 
on drivers all factor into the steam locomotive’s pulling 
power, known as “tractive effort.”

To prevent damage to the piston and cylinder lining 
during its upcoming move, CSR needed to disconnect 
the piston rod from the main rod on each side of the 
locomotive, and to remove the latter prior to shipment 
to Minneapolis.  This work entailed removing the union 
link, driving out the wrist pin, removing the eccentric 
rod and crank and positioning the crosshead in such a 
manner that the main rod could be removed without 
torsion about its brass bearing.

The first (and easiest) step was removal of the union 
links1 from the wrist pins.2  CSR was then able to access 
the wrist pin2 itself.  Designed to transmit the full force 
of each piston, the wrist pins2 are tapered and keyed, 
meaning they will not rotate or loosen during high-
speed operation. Using a custom-made tool to protect 
the threads on the pin, CSR employed a persuasive 10 lb 
sledge hammer to loosen the wrist pins.2  Once the pins 
began to move, CSR used blocking and nylon straps to 
prevent the rods from binding on the wrist pins.

The crew then turned its attention to the eccentric 
rods3 (another easy-to-remove item) and the eccentric 
cranks4 (not-so-easy-to-remove).  With eccentric rods3 
removed, CSR needed to remove two, 18”-long tapered 

pins, spread the end of the eccentric crank4 with a 
wedge and carefully coerce the crank off of the end of 
the main axle.  The eccentric crank4 has one tapered pin 
that is aligned directly through the center of the main 
crank pin and one pin just offset, proving cinching force 
through the forks of the crank.

With large wrenches and persuasion of that sledge 
hammer, the crew had the eccentric cranks4 removed in 
little time, revealing rod brasses on the locomotive that 
were in outstanding condition.

Folk lore always seems to indicate that the locomotive 
given to such-and-such city was rebuilt just-prior to 

1
2

3
4

5

6

Custom Wrenches:  Measured, cut and machined on-site, the 10.5” 
diameter nuts required one-off wrenches, one of which is rough-fit above.
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being stuck into whatever park it currently sits.  Though 
often apocryphal, in the case of 3463, it appears that is 
almost the case.  The A.T.&S.F. maintained inspection 
tags and stamped parts installed on each of its steam 
locomotives when work was performed to maintain 
a detailed record of work undertaken.  The near-
new rod bearings exposed when crews removed the 
eccentric crank read: AQ 2 20 53.  This is code for work 
performed at the Albuquerque, New Mexico shop, with 
brasses installed on February 20, 1953.  Considering 
the locomotive was taken out of service in 1954 and the 
visual inspection of the bearings, it appears the engine 
has a lot of life left in it!

Once both eccentric cranks4 were removed, CSR then 
had to move the locomotive for the first time in 24 
years to align holes in the number one driving wheel 
with the back side of each wrist pin2 for removal.  The 
length of the pin is longer than the distance between 
the back of the crosshead and the driving wheel, 
meaning an opening in the wheel center has to be 
lined up with the wrist pin2 opening to allow it to be 
removed.

With a 20 ton jack and a bit of leverage, locomotive 
3463 lurched forward with ease, rolling on newly-

lubricated roller bearings.  Crews moved the engine 
backwards and forwards, lining up the wristpins2 with 
the correct wheel opening and driving each pin the 
remainder of the way into the hands of waiting workers.

The main rods5 still blocked and securely chained, the 
crossheads6 needed to be pushed far enough forward 
to allow the rod to rotate freely and, subsequently, 
be removed.  Using pry bars and jacks, the CSR crew 
moved each crosshead6 to clearance, freeing the main 
rod to drop.  Once the steel safety straps were unbolted, 
CSR used a large forklift and straps to support the 
weight of the rod, removed chains and blocking, slid 
the rod off of each pin and hoisted them up onto the 
running boards. 

When all brasses had been removed and stored, the 
revealed crank pins appeared to be in very good 
condition.  The alemite grease applied 57 years ago by 
the Santa Fe had not worn off, protecting the pins and 
preventing excessive corrosion.

Once the main rods were placed on the running boards, 
the engine and tender were separated.  Of interest, the 
six-axle, 174,000 lb tender rolled with a simple push of 
two people; a tribute to the bearing construction.

R3463 AQ 2 20 53:  Punched into fresh bearings 60 years ago, those numbers indicate a set of running gear brasses fresh out of the shop.  Unlike 
many other locomotives, 3463 features segmented brasses which feature three seams (most evident match 1:1) to accomodate expansion with heat.
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Next Steps:

Knowing the locomotive can roll freely without damage 
and that the bearings are in top condition is the first 
step to removing the steam engine from the park and 
returning it to the rails.  

Now comes the logistical acrobatics.

CSR is working with a group consisting of expert heavy 
equipment operators, industry partners, sponsors 
and local municipalities to finalize the extraction of 
locomotive 3463.  Even empty, the locomotive still 
consists of two, 50-foot-long pieces weighing in excess 
of 575,000 lbs combined. 

However, an experienced team with proper equipment 
will have little difficulty moving the massive machine 
out of the park, returning to the rails for shipment to 
Minnesota and its remanufacture.  Keep an eye on the 
CSR website or sign up for its email newsletter to stay 
informed.

While this planning progresses, CSR continues to line 

up donations and participation from new Supporters 

and Industry Sponsors.  An associate member of the 

American Boiler Manufacturers Association, CSR has 

begun to involve that network of professionals and 

industry leaders, many of whom are interested in 

working with, supporting and innovating with CSR’s 

locomotive boiler experts.

If you have yet to do so, please consider making a 

tax-deductible donation in support of the Coalition 

for Sustainable Rail.  The advanced biofuel, modern 

steam locomotive and advanced electricity generation 

technologies it champions are certain to have an impact 

on a prosperous future, and it is only through your 

support that it can hope to achieve success.

Find out more: www.csrail.org/support

Working into the night:  Illuminated by work lamps, the figure of 3463 is nothing short of imposing.  The main rods have already been removed, 
brasses stored, eccentric cranks replaced and locomotive rolled back-and-forth by the time this image was taken. 
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Stay Up-to-Date on the Coalition for Sustainable Rail

Email List | Join our email list at the top of any of our web pages: www.csrail.org/email

Facebook | www.facebook.com/csrail

Mail |Coalition for Sustainable Rail | P.O. Box 120361 | New Brighton, MN 55112

This document was last modified:  07/2013
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Rods up, ready to go...


