
Kandiyohi County Historical Society 

Request for Proposal (RFP) 

 

 

The Kandiyohi County Historical Society (KCHS) is seeking the services of consultant to 

complete conservation treatment of the Great Northern Railway Engine #2523. 

 

 

Closing Date:   May 18, 2020 

 

 

Contact:   Jill Wohnoutka, Executive Director 

   Kandiyohi County Historical Society 

   610 NE Hwy 71 

   Willmar, MN  56201 

   320-235-1881 

   director@kandiyohicountyhistory.com 

 

 

Prospective consultants shall submit one electronic copy (sent via e-mail) of their proposal and 

fee schedule no later than 4:00pm on May 18, 2020 to director@kandiyohicountyhistory.com.  

Clearly mark the proposal “Engine 2523 Conservation Treatment”.  Incomplete submissions and 

submissions received after the closing date will not be accepted.   

 

The project is conditional upon receipt of grant funding.   

 

 

About Kandiyohi County Historical Society 

 

The Kandiyohi County Historical Society (KCHS) was incorporated in 1940 under its current 

name, but had existed as the Old Settlers Association since 1897. KCHS was specifically 

incorporated to “discover, preserve and share the story of Kandiyohi County and its people.” 

KCHS consists of a museum gallery; the Sperry House, a turn-of-the-century restored Victorian 

home; District #18 country schoolhouse; an agriculture barn with farm equipment, tools and 

tractors; Great Northern Passenger Engine #2523; and the restored log cabin belonging to Guri 

Endreson, which is a site of the U.S.-Dakota Conflict of 1862. The archives and Lawson research 

library are the primary sources used by KCHS staff, volunteers and visitors to carry out its 

mission now and into the future. On average, the museum has 10,000 visitors annually. The 

museum is open to the public daily from 9-4 p.m. 

 

The Engine #2523 is a mountain type locomotive acquired by Great Northern Railway from 

Baldwin Works of Pennsylvania in 1923 to speed up mainline passenger service. A powerful and 

speedy locomotive of the P-2 class is one of only 28 built. By 1945, it was no longer used for 

passenger service but for freight. In 1949, Engine 2523 was used in the Willmar division for 

freight. The Engine 2523 was retired and rested on the sidetracks in the Willmar rail yard in 

1955. In 1965, Engine 2523 was saved from being scrapped and moved to the Kandiyohi County 

mailto:director@kandiyohicountyhistory.com
mailto:director@kandiyohicountyhistory.com


Historical Society.  The locomotive and tender are 100 feet and 5 inches long, weigh 671,550 

pounds and height from rail to the top of stack is 15 feet 10 inches. Engine 2523 was initially a 

coal burner and later converted to an oil burner. It developed 57,580 pounds of tractive effort. 

Each of the eight drive wheels is 73 inches high. The track on which Engine 2523 now stands is 

laid to Great Northern Railway mainline specifications. The creosoted ties are supported on a 

sub-ballast consisting of 6 inches of rock chips and a ballast of 6 inches of crushed granite which 

is quarried by the Great Northern Railway in Granite Falls, MN.  

 

Scope of Service 

 

The Kandiyohi County Historical Society seeks a qualified consultant to implement the 

recommended conservation treatment plan for large object Great Northern Engine #2523 located 

on site at the Kandiyohi County Historical Society.  A conservation report has been completed 

with recommendations included.  The conservation report is attached to this document.  The 

items to be included in the implementation of the treatment plan are as follows:  stabilize wood 

window and ceiling and cab; prime and re-paint to restore paint scheme and protect surfaces; 

repair torn pipe insulation; support rubberized hoses to remove stresses; clean and protect brass 

components; stabilize unpainted iron and firebox interior components and clean and stabilize 

water pump and duct assemblage.   

 

 

Qualifications 

 

The consultant shall: 

 Consulting firm has experience performing conservation treatments on large museum 

objects. 

 

 Consulting firm must abide by the American Institute for Conservation of Historic and 

Artistic Works’ Code of Ethics and Guidelines for Practice. 

 

 Proposer must provide at least three professional references where work of a similar 

scope and scale has been completed.  

 

 

Proposal Instructions 

 

 Statement of Solution:  Describe how your firm proposes to address the challenges of 

completing this project, including any perceived opportunities that should be considered. 

 

 Project understanding, approach and coordination methods: (a) Consulting firm shall 

describe understanding of project and identify approach to fulfill the scope of services 

and deliverable requirements. (b) Consulting firm shall summarize the key elements of 

the proposal and outline reasons why your firm should be selected. 

 



 Similar Project Experience: Consulting firm shall identify similar project experience 

within the last 3-5 years and provide a reference for each. Submitted projects shall 

represent work of the proposed consulting team and not just that of the firm. 

 

 Consultant Team and Project Manager Qualifications: Consulting firm shall identify 

project manager, work performed on similar projects, and manager qualifications. 

Additional team members, including sub-contractors if required, shall be identified, 

including previous experience and qualifications. 

 

 Please provide a detailed proposal/work plan on how the Scope of Work requirements 

will be met and include a timeline for proposed work. 

 

 Fee Proposal: Consulting firm shall identify total fee to complete described work with a 

breakdown of tasks, estimated hours, and hourly rates. The total fee shall reflect all costs, 

included but not limited to, sub-contractors/consultants, meeting allowance, specified 

deliverables, overhead, profit and reimbursable. Estimated costs for materials are 

required to be included in fee proposal under reimbursable expenses. As appropriate, the 

consultant shall include cost for coordination of these services in fee proposal. 

 

 

Selection Process 

 

After submission deadline, the Kandiyohi County Historical Society will review all proposals 

and decided on the successful candidate.  At its discretion, KCHS may elect to conduct 

interviews with prospective consultants.  The successful candidate will be contacted and an 

agreement finalized.   
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CONSERVATION ASSESSMENT REPORT 
Kandiyohi County Historical Society 

Great Northern Railway Engine #2523 
 
 

Executive Summary 
 
 In November 2015, a thorough on-site examination of the Great Northern 
Railway Steam Locomotive Engine #2523 (hereafter referred to as the Engine) owned 
and maintained by the Kandiyohi County Historical Society (KCHS) was done.  The goal 
of the project is to document the current condition, review the preservation/restoration 
history, and compile a Long-Range Preservation Plan.  The LRP will assist the KCHS in 
its on-going efforts to preserve and maintain the historic integrity of the Engine. 
 Overall, the Engine is in good condition as result of 50 years of KCHS 
maintenance and restoration efforts.  The addition of the overhead shelter in 2005 was a 
major step in slowing down deterioration due to full exposure to the weather. In terms of 
the agents of deterioration that the Engine has been exposed to, the largest cause of 
existing damage is due to water infiltration from rain and snow.  The other agents 
causing damage are sun exposure damage to the painted surfaces, pests (i.e. birds) 
resulting in disfiguring excrement deposits, and vandalism resulting in missing parts. 
 The highest priority for preservation is to repair the window frames on the cab 
and to repair the water damage to the cab ceiling.  Applying bird exclusion netting to 
block off the peak of the roof is also a high priority as this considerably reduce annual 
cleaning time.  Once the birds have been excluded, the first step in overall preservation 
is to thoroughly clean the exterior surfaces of the Engine.  The lower priority action steps 
for preservation of the various other components are detailed in the LRP. 
  
Project Description 
 The on-site assessment consisted of a visual inspection of the components and 
structure of all the accessible surfaces of the Engine and tender car. The pump and 
water loader were also examined for condition since that is also part of the overall 
display. Digital images were taken to document overall and specific conditions. 

mailto:blitzpost@hotmail.com
mailto:kandhist@msn.com
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A schematic diagram of a generic steam locomotive  was used during the preparation of 
this report for technical terms and can be found on page 23. 
 
Object Description 
 Engine No.2523 is a mountain-type locomotive of the P-2 class (4-8-2).  It was 
built in 1923 by the Baldwin Locomotive Works, and is the last of 28 locomotives built for 
the Great Northern Railroad by Baldwin.  The P2 engines were retired in 1955, and 
2523’s last run was in 1958.  The engine was installed at the KCHS on permanent 
display on October 17, 1965. 
 Originally coal fired, the engine was converted from coal to oil with the installation 
of an oil container in the coal car in 1946.  It was able to develop 57,580 of traction 
effort. The locomotive and tender (oil and water tanks) are 94 feet 6 ¼ inches long, and 
weigh 617,000 lbs.  The height of the engine is 15 feet 10 inches maximum from the rail 
to the top of the stack.  Each of the eight drive wheels is 73 inches in diameter. 
 
Object Condition History 
 The KCHS provided various publications and digital copies of Board meeting 
minutes that contained information relating to the installation, restoration, and 
preservation history of the Engine. 
 Selected examples from those documents are provided in the table below.  The 
main method of preservation has been re-painting, which has served to protect the 
exposed surfaces to a great extent. 
 
 
Collection and Restoration History of the Locomotive 
 

10/1965 

 
9/1966  
3/1971 

 
6/1971 

 
9/1971 

 

7/2000 
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Condition Assessment Findings 
 The overall condition of the engine and cars are fair at this.  Specific components 
exhibit a range of conditions from good (stable) to poor (unstable).  The engine is a very 
large composite object consisting of both inorganic (metals) and organic (wood, paint, 
other organics) materials that are subject to various causes and rates of deterioration.  
Examples of the conditions and types of deterioration found on each of these materials 
and components are described below with photo-documentation.   
  

      
  Fig. 1: PL Side of engine overall view.            Fig. 2: PR Side of engine overall view. 
  The PR side shows more deterioration due to differential sunlight exposure. 
 

      
Fig. 3:  PL side view of boiler and drive wheels. Fig.4: Front view of engine. 
 

   Fig. 5:  View of rear of tender. 
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Paint Conditions: 
 The most recent layers of exterior paint, probably 10 years old, have failed, 
particularly on the front end of the boiler and on the PR side where it is exposed to more 
sunlight radiation, wind driven particulates, and rain.  Some of the failure in the greenish-
blue paint might to be due to the apparent lack of a priming layer leading to poor 
adhesion to the sheet metal.  Repeated expansion and contraction due to temperature 
changes led to stresses and breakdown of the binder resulting in film failure. (see Fig. 6 
to 8). 
 

         
Fig. 6:  Example of major paint loss on boiler. Fig 7:  Detail of paint loss. 
 
 

 
      Fig. 8:  Paint loss on PR side: valve chest. 
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 The heavy industrial black paint used on the trucks, firebox, and tender have 
areas of failure due to moisture infiltration through the paint layer and the formation of 
iron corrosion in approximately 15% of the surfaces.  Problem areas of on the firebox 
and around rivets where water can collect and on areas of the trucks exposed to 
moisture from the ground underneath the engine (fig. 9-12). 
 
 

           
Fig. 9: Example of black paint failure around a rivet. Fig. 10: Rust on underside area 
 
 
 
 
 
 

               
Fig. 11: View of inside surfaces of trucks near pistons. Fig.12: Underside between firebox and 
cab. 
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 Another prevalent condition on the exterior painted surfaces is due to the 
presence of birds roosting and nesting on the support beams of the shelter roof and in 
the corners of the roof structure (Fig. 13).  The birds also land on the tops of the steam 
and sand domes, which leads to the deposition of excrement.  While this has not led to 
paint failure, it is disfiguring to the appearance of the engine for visitors.  There can be 
health risks associated with bird excrement, i.e. histoplasmosis when the dried material 
is inhaled, but that is most likely low in this situation.  The excrement can be acidic and 
contains minerals which can interact with and corrode copper alloys, such as brass. (see 
Fig. 14 and 15). 

 
     Fig. 13:  Detail of bird nests in one of the corners of the roof  
     support structure. 
 

           
Fig. 14: Bird dropping accumulation on sand dome.  Fig. 15: Detail of dropping on steam dome. 
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Fig. 16:  Break-through rust on the drive rod. Fig.17:  Condition of one of the logos on the tender. 

       
Fig. 18: Deteriorated paint on top of tender.   Fig.19:  PL side of cab showing faded  
        paint and rust breakouts. 
 

                    
Fig. 18: Detail of paint failure on machinery in the cab. Fig. 19: Worn and failed paint on                              
            wood inside cab. 
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Fig. 20: Detail of cow catcher paint condition.Fig. 21:  Paint condition o PL side of boiler. 
                                                                        in front of the cab. 
 
 
 
Metal and Other Materials Conditions:  
 As to be expected with a large functional complex object on permanent display 
outdoors, there are components that are in deteriorated and unstable condition.  While 
some of the deterioration is due to exposure to the weather, i.e. annual temperature 
fluctuations and moisture, some of the condition problems were most likely pre-existing 
when the engine was retired from service, such as the condition of the interior and 
exterior of the fire box, which appear to have been left un-restored.  There are areas of 
metal mineralization which have led to losses and break-through, especially in the 
firebox and underside of the engine. 
 
 The copper-alloy metal components, such as the brass plaques and lubrication 
ports show oxidation, but not aggressive corrosion, and are stable. 
 
 The organically-based materials exhibit the most damage due to weathering and 
moisture intrusion, as would be expected.  The rubberized hoses show cracking and 
breakage due to gravity acting on the bends of the hoses.  The wood window frames in 
the cab and the interior wood of the cab ceiling have damage due to water from rain and 
snow accumulation, and are a high priority for stabilization to prevent further damage 
from occurring. Water has infiltrated into the ceiling through a gap or poor seal in the roof 
hatch, resulting in wood rot, deterioration, and paint loss inside the cab.  The shelter has 
probably slowed down this action, however, wind driven snow and rain can still cause 
problems. 
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Fig. 22: View towards cab of PR footboard,  Fig. 23:  View towards cab of boards on                                                                           
showing dirt accumulation.   tender showing paint loss and some              
      weathering. 

  
Fig.24: Condition of journal box.   Fig.25: Interior of journal box showing interior  
      deterioration due to water ingress. 

          
Fig. 26: Journal box without cover.  Fig. 27: Tarnished brass machine plaque. 
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Fig.28:  Missing makers plate location.         Fig.29:  Tarnished brass number on   
      headlight. 
 

       
Fig. 30: Reverse glass painted number plates  Fig.31:  Typical condition of pipe   
           insulation showing split in tape and  
           corroded pipe below. 

       
Fig. 32: Loss of pipe wrapping.                      Fig. 33:  Loss of pipe wrapping. 
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Fig. 34: Unsupported hoses.                       Fig. 35:  Moss growing on shaded hose. 

            
Fig. 36:  Hoses showing stress cracks at Fig. 37:  Painted metal pipes with rust   
Bends.                                                       and staining. 
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Fig. 38:  Firebox clean out door-exterior  Fig. 39: Firebox condition door in cab showing 
                                                                  Rusted metal and ash on firebricks. 
 

        
Fig. 40:  View inside firebox.                        Fig. 41: Interior toward front of firebox  
                showing openings at far end. 
 
 

                     
Fig. 42:  Underside view between cab          Fig. 43:  View looking downward and 
tender.                     between oil tank and outer wall of coal  
              bunker showing rust and debris from                      
              water accumulation. 
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Fig. 44:  PR cab windows-exterior.             Fig. 45:  Detail of PR window showing  
              warping in frame. 
 
 
 
 

                  
Fig. 46: PL window frame showing wood rot and loss  Fig. 47: PL cab window showing  
            gap in fit at top. 
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Fig. 48: Interior of cab- PL window.         Fig. 49:  Detail of water damage to cab ceiling. 
 

      
Fig. 50:  Overall view of hatch on cab roof.  Fig. 51:  Detail of roof hatch closure. 
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 Fig. 52:  Condition of paint on valves and control inside cab, note paint losses. 
 

             
  Fig. 53:  Overview of water duct assembly.         Fig. 54:  Detail of duct pulley and bird  
              dropping encrustations. 
 

      
Fig. 55:  Bell assembly.        Fig. 56:  Detail of bottom of bell frame  
           connection to bracket. 
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Fig. 57:  Steam whistle assembly. 
       
 
Summary and Discussion of Observed Conditions: 
 
 The most prevalent problem conditions are as follows.  Most likely, the most 
severe deterioration found was pre-existing before the shelter was installed, and the rate 
of further deterioration has slowed, such as the ceiling damage in the cab.  The Long 
Range Preservation Plan that follows this section will recommend prioritized corrective 
actions with the resources of the KCHS in mind. 
 
- Dust accumulation on horizontal surfaces. 
 
- Bird excrement on preferred landing and sitting areas such as the domes. 
 
- Debris including water-borne,  wind-borne, and animals in the gap between the oil tank 
and coal bunker in the tender car. 
 
- Iron corrosion break-out under failed paint coatings on the cast and wrought iron 
components. 
 
- Wood damage due to water infiltration of the cab windows, ceiling, and floor. 
 
- Paint failure on sheet metal components such as the boiler skin and on the control 
surfaces in the cab. 
 
- Fading paint on the logos on the cab. 
 
- Brass tarnish. 
 
- Weathering and aging of the rubberized hoses and damage due to gravity stresses. 
 
- Failure of the pipe insulation wrapping in several areas which has exposed the metal 
pipe below the loss to corrosion. 
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Other conditions that were observed include: 
 
- Missing brass name tag; one original is currently kept inside the museum. 
 
- Faded and deteriorated explanatory text panels. 
 
- Dust and some corrosion on the inner surface of the utility box at the front of the 
tender. 
 
- Overall weathered and dirty surfaces on the water pump assemblage. 
 
-  Loose and missing (one) journal box covers leading to debris accumulation and 
corrosion in some of the journal boxes. 
 

 
Fig. 58.  Visual Summary of the higher priority deterioration conditions and main locations.  A 
larger version of this image is also provided on page 28 of this report. 

 
Conservation/Preservation Recommendations: 
 Long-Range Conservation/Preservation Plan 
 The various preservation actions are listed below in priority order and urgency.  
They also have been listed in logical order within each time frame. 
 
ON-GOING ACTIVITIES  (PERFORMED ON AN ANNUAL OR ON AS-NEEDED BASIS) 

 
Clean object overall in Spring and Fall. (OG) 

 Action:  Remove bird droppings and dirt/dust with warm water and detergent on 
rags and soft bristle brushes.  A low pressure water hose can be used on exterior 
surfaces.   Remove the debris in the gap between the oil tank and coal bunker 
wall with a shop vac with extension tubes.  Remove dust and dirt from surfaces in 
the cab with a shop vac and damp cloths.  This should also be done on the water 
pump and duct assembly. 
o Estimated Cost: $100 for detergent, cloths, brushes, wax, dust masks, 

gloves 
o Possible funding source: ACHF and IMLS 
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Examine condition of problem areas monthly and note changes for further 
action.  (OG). 

 Action: Perform visual inspection of known problem areas, e.g. the roof hatch of 
the cab and cab window frames; hoses; journal boxes; overall paint conditions. 
Paint touch-up as needed. 

o Cost:  Part of operations. 
 
SHORT RANGE (1-2 YEARS) 

 
     Prevent further accumulation of bird excrement. 

 Action: Remove existing bird nests, clean roof support structure, and install bird 
exclusion netting at least over the corner gaps.  An alternative would be to install 
bird spikes.  See the Resources section of this report for suggested sources. 

o Cost:  Obtain estimate from supplier and/or local vendor 
o Possible funding source: possible ACHFgrant . 

 
Stabilize wood window and ceiling in cab 

 Action: Work with volunteers on task schedule. Windows should be removed in 
stages on the cab, the openings blocked during work to prevent further water 
infiltration.  Rotted sections should be replaced and repainted and the overall 
window fit improved.  Repair the seal on the roof vent hatch to prevent water 
leaks.  Remove damaged paint from the ceiling.  Consolidate wood damage with 
epoxy consolidant.  Level surface with epoxy putty and re-paint. 

o Estimated Cost: Consolidants ~$200-$300, wood costs TBD. 
o Possible funding source: Donations, ACHF. 

 
Clean object overall to remove dust, grime, bird excrement, and loose paint to 
prepare for repair and repainting; reduce surface corrosion 

 Action:  See Cleaning Action in  On-going activities for action steps.  Mild steel 
bristle brushes can be used to remove surface corrosion.  This should also be 
done on the water pump and duct assembly. 

o Estimated Cost: See cost for on-going cleaning. 
o Possible funding source: facility budget 

 
 
   Prime and re-paint to restore paint scheme and to protect surfaces 

 Action:  Prime with high quality metal primer, paint with outdoor metal enamel in 
desired color schemes.  Lead testing may be required prior to paint removal and 
should be included in contractor estimates. 

o Estimate Cost: staff and volunteer time, ~$3,500 based on previous 
painting estimate for materials. 

o Possible funding source: Donation, facility budget, ACHF 
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MID RANGE (TWO-FIVE YEARS) 

 
Install wireless camera system under the shed roof to monitor the engine 

 Action: Consult with a qualified security service. 
o Cost:  $500-$1000  
o Possible funding sources:  ACHF and IMLS Grants 

 
Repair torn pipe insulation 

 Action:  Patch or replace wrapping as needed.  Consult with Minnesota 
Transportation Museum for methods and materials.  Existing insulation may need 
to be tested for asbestos and proper abatement methods budgeted for and used. 

o Cost:   Option 1:  TBD 
o Possible funding sources:  ACHF and IMLS grants. 

 
Support rubberized hoses to remove stresses 

 Action:  Consult with Minnesota Transportation Museum on methods and 
materials and standard practices. 

o Cost: TBD, volunteer work for labor 
o Possible funding sources:   ACHF and IMLS grants 

 
 
LONG RANGE (FIVE TO 10 YEARS) 

Clean and protect brass components 

 Action:  Surface clean unpainted brass components to remove surface 
accumulations and mild abrasion, coat with carnauba wax. 

o Cost:  $50-$100 for paste wax, steel wool, cloths.  Volunteer work. 
o Possible funding sources:  facility budget. 

 
Stabilize unpainted iron and firebox interior components 

 Action:  Reduce corrosion on accessible surfaces with abrasive methods, e.g. 
compressed air needle scaler, rotary mild steels brushes, or hand brushes.  
Apply rust stabilizer based on tannic acid to coat surfaces. 

o Cost: ~ $250 for rust stabilizer, tools TBD. 
o Possible funding sources: facility budget, donation, ACHF 

 
Clean and stabilize water pump and duct assemblage 

 Action:  See actions for unpainted iron above.  Components can possibly be 
disassembled for better access to all surfaces for cleaning and coating.   

o Cost: Estimate amount of rust stabilizer needed. 
o Possible funding sources: facility budget, volunteer work, ACHF 
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Replace or repaint interpretative panels with updated graphics. 

 Action:  Research and locate exhibit contractors to produce new graphic panels. 
Panels can be printed on aluminum which will withstand the outdoor exposure 
better than plywood.  

o Cost:  TBD 
o Possible funding sources:  Donation, ACHF and IMLS Grants 

 
Reproduce and replace original brass name plaques 

 Action:  Consult with trophy company or mold maker to reproduce name plates. 
o Cost: TBD 
o Possible funding sources: TBD 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SCHEMATIC DIAGRAM OF A GENERIC STEAM LOCOMOTIVE AND 
TERMINOLOGY 
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Guide to steam locomotive components (The image is of a composite imaginary locomotive, 

not all components are present on all locomotives and not all possible components are 

present and/or labelled in the illustration above). 

1 Tender — Container holding both water for the boiler and combustible fuel such as 

wood, coal or oil for the fire box. 

2 Cab — Compartment from which the engineer and fireman can control the engine 

and tend the firebox. 

3 Whistle — Steam powered whistle, located on top of the boiler and used as a 

signaling and warning device. 

4 Reach rod — Rod linking the reversing actuator in the cab (often a johnson bar)) 

to the valve gear. 

5 Safety valve — Pressure relief valve to stop the boiler exceeding the operating 

limit. 

6 Generator — small steam turbine directly coupled with electrical generator to 

headlights etc. 

7 Sand dome — Holds sand that can be deposited on the rails to improve traction, 

especially in wet or icy conditions. 

https://en.wikipedia.org/wiki/Tender_(rail)
https://en.wikipedia.org/wiki/Cab_(locomotive)
https://en.wikipedia.org/wiki/Train_whistle
https://en.wikipedia.org/wiki/Johnson_Bar_(locomotive)
https://en.wikipedia.org/wiki/Valve_gear
https://en.wikipedia.org/wiki/Safety_valve
https://en.wikipedia.org/wiki/Electrical_generator
https://en.wikipedia.org/wiki/Sandbox_(locomotive)
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8 Throttle Lever/Regulator — Controls the opening of the regulator/throttle valve 

(#.31) thereby controlling the supply of steam to the cylinders. 

9 Steam dome — Collects the steam at the top of the boiler so that it can be fed to 

the engine via the regulator/throttle valve 

10 Air pump — Provides air pressure for operating the brakes (train air brake 

system). This is sometimes called a Westinghouse pump or Knorr pump afterGeorge 

Westinghouse and Georg Knorr. Usually a steam-powered pump with steam cylinder 

coupled with air cylinder. 

11 Smokebox — Collects the hot gases that have passed from the firebox and 

through the boiler tubes. It may contain a cinder guard to prevent hot cinders being 

exhausted up the chimney. Usually has a blower to help draw the fire when the 

regulator is closed. Steam exhausting from the cylinders is also directed up to the 

chimney through the smokebox to draw the fire while the regulator is open. 

Blower a circular pipe below the chimney petticoat pipe, with holes to blow steam 

upwards. Provides a draught to encourage the fire when stationary and 

theblastpipe are not effective. This draught also prevents smoke and flame from 

entering the cab. 

Petticoat pipe is a pipe with a bellmouth-shaped end extending into the smokebox 

and the other end in the smoke stack. Its function is to enhance and equalize draft 

through the boiler tubes. 

12 Main steam pipe — carries steam to the cylinders. 

13 Smoke box door — Hinged circular door to allow service access to the smoke 

box. 

14 Hand rail — Support rail for crew when walking along the foot board. 

15 Trailing truck/Rear bogie — Wheels at the rear of the locomotive to help support 

the weight of the cab and fire box. 

16 Foot board/Running board — Walkway along the locomotive to facilitate 

inspection and maintenance. UK terminology is Footplate. 

17 Frame — Steel beams around which the locomotive is built. The wheels run in 

slots within the frames, and the cab, fire box, boiler and smoke box are mounted on 

top. American locomotives usually have bar frames (made from steel bar) or cast 

steel frames (see Bury bar frame locomotive), while British locomotives usually 

have plate frames (made from steel plate). 

18 Brake shoe and brake block — Applied directly to all the driving wheels for 

braking. 

19 Sand pipe — Deposits sand directly in front of the driving wheels to aid traction. 

https://en.wikipedia.org/wiki/Steam_dome
https://en.wikipedia.org/wiki/George_Westinghouse
https://en.wikipedia.org/wiki/George_Westinghouse
https://en.wikipedia.org/wiki/Georg_Knorr
https://en.wikipedia.org/wiki/Smokebox
https://en.wikipedia.org/wiki/Steam_locomotive_components#blastpipe
https://en.wikipedia.org/wiki/Trailing_wheel
https://en.wikipedia.org/wiki/Footplate
https://en.wikipedia.org/wiki/Bury_bar_frame_locomotive
https://en.wikipedia.org/wiki/Brake_shoe
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20 Side rods/Coupling rods — Connects the driving wheels together. 

21 Valve gear/motion — System of rods and linkages synchronising the valves with 

the pistons and controls the direction and power output of the locomotive. 

22 Main rod/Connecting rod — Steel arm that converts the horizontal motion of the 

piston into a rotation motion of the driver wheels. The connection between piston and 

main rod is supported by a horizontal slide-bar behind the cylinder. 

23 Piston rod — Connects the piston to the cross-head axle, which drives the 

main/connecting rods. 

24 Piston — Driven backward and forward within the cylinder by steam pressure, 

producing mechanical motion from steam expansion. 

25 Valve — Controls the supply of steam to the cylinders, timing is synchronised by 

the valve gear connect to the Drivers. Steam locomotives may have slide 

valves, piston valves or poppet valves. 

26 Valve chest/steam chest — Small chamber (sometimes cylindrical) above or to 

the side of the main cylinder containing passageways used by the valves to distribute 

live steam to the cylinders. 

27 Firebox — Furnace chamber that is built into the boiler and usually surrounded 

by water. Almost anything combustible can be used as fuel but generally coal, coke, 

wood or oil are burnt. 

28 Boiler tubes — Carry hot gasses from the fire box through the boiler, heating the 

surrounding water. 

29 Boiler — Water container that is heated by hot gases passed through boiler 

tubes, thereby producing steam. 

30 Superheater tubes — Pass steam back through the boiler to dry out and 'super 

heat' the steam for greater efficiency. 

31 Regulator/Throttle valve — Controls the amount of steam delivered to the 

cylinders (also see #.8). 

32 Superheater — Feeds steam back through boiler tubes to superheat (heat 

beyond just boiling point) the steam to increase the engine efficiency and power. 

33 Chimney/Smokestack — Short chimney on top of the smokebox to carry the 

exhaust (smoke) away from the engine so that it doesn't obscure the engineer's 

vision. Usually extended down inside the smokebox - the extension is called a 

petticoat. Some railways, e.g. the Great Western Railway, fitted a decorative copper 

cap to the top of the chimney. 

34 Headlight — Lamp on front of the smoke box to provide forward visibility. 

https://en.wikipedia.org/wiki/Coupling_rod
https://en.wikipedia.org/wiki/Valve_gear
https://en.wikipedia.org/wiki/Connecting_rod
https://en.wikipedia.org/wiki/Driving_wheel
https://en.wikipedia.org/wiki/Piston_rod
https://en.wikipedia.org/wiki/Piston
https://en.wikipedia.org/wiki/Slide_valve
https://en.wikipedia.org/wiki/Slide_valve
https://en.wikipedia.org/wiki/Piston_valve_(steam_engine)
https://en.wikipedia.org/wiki/Poppet_valve
https://en.wikipedia.org/wiki/Firebox_(steam_engine)
https://en.wikipedia.org/wiki/Boiler
https://en.wikipedia.org/wiki/Steam
https://en.wikipedia.org/wiki/Superheater
https://en.wikipedia.org/wiki/Chimney_(locomotive)
https://en.wikipedia.org/wiki/Great_Western_Railway
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35 Brake hose — Air or vacuum hose for transmitting braking control to attached 

rolling stock. See air brake and vacuum brake. 

36 Water compartment — Container for water used by the boiler to produce steam 

that is subsequently usually exhausted from the cylinders. 

37 Coal bunker — Fuel supply for the furnace. Variations may hold wood, coke, or 

oil. Fed to the firebox either manually or, in later engines, mechanically. 

38 Grate — Holds the burning fuel and allows unburnable ash to drop through. 

39 Ashpan hopper — Collects the unburnable ash from spent fuel. 

40 Journal box — Contains the plain bearing for a driver wheel's axle. 

41 Equalising beams/Equalising levers/Equalising bars — Part of the locomotive 

suspension system, connected to leaf springs, free to pivot about their centre which 

is firmly fixed to the frame. Function is to even out load distribution across axles on 

uneven or poorly laid tracks. 

42 Leaf Springs — Main suspension element for the locomotive. For each driver 

wheel there is a leaf spring suspending its axle's journal box. 

43 Driving wheel/Driver — Wheel driven by the pistons to propel the locomotive. 

Drivers are balanced by weights so that the centre of gravity, of the drivers and rods, 

coincides with the center of rotation. There are 3 sets of driving wheels in this 

example. 

44 Pedestal or saddle — Connects a leaf spring to a driver wheel's journal box. 

45 Blast pipe — Directs exhaust steam up the chimney, creating a draught that 

draws air through the fire and along the boiler tubes. 

46 Pilot truck/Leading bogie — Wheels at the front to guide the locomotive along 

the track. 

47 Coupling/Coupler — Device at the front and rear of the locomotive for 

connecting locomotives and rail cars together. 

Snifting valve (not shown) — An anti-vacuum valve which permits air to be drawn 

through the superheater and cylinders which allows the engine to coast freely when 

the regulator is closed. 

 
 
 
 
 
 
 
 
 
 

https://en.wikipedia.org/wiki/Air_brake_(rail)
https://en.wikipedia.org/wiki/Vacuum_brake
https://en.wikipedia.org/wiki/Plain_bearing
https://en.wikipedia.org/wiki/Driving_wheel
https://en.wikipedia.org/wiki/Axle
https://en.wikipedia.org/wiki/Equalising_beam
https://en.wikipedia.org/wiki/Leaf_spring
https://en.wikipedia.org/wiki/Driving_wheel
https://en.wikipedia.org/wiki/Driving_wheel
https://en.wikipedia.org/wiki/Blastpipe
https://en.wikipedia.org/wiki/Leading_wheel
https://en.wikipedia.org/wiki/Railway_coupling
https://en.wikipedia.org/wiki/Snifting_valve
https://en.wikipedia.org/wiki/Superheater
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Resources: 
 
The following are companies that offer bird exclusion products and services.  No 
recommendation of a particular company or product is implied. 
 
https://www.birdbgone.com/products.html 
 
http://www.birdbarrier.com/ 
 
https://www.nixalite.com/Products/Bird-Control-Products 
 
http://www.bird-x.com/ 
 
https://www.birdbusters.com/ 
 
The following is a search of professional object conservators who work on composite 
technical objects.  They can be consulted for actual treatment advice and 
recommendations for contractors that work on trains: 
 
http://www.gpheritageconsulting.com/gphc_about_us.htm 
 
http://www.midwestrailway.org/railcar-repair.html 
 
The following is a link for a search of the American Institute of Conservation “Find a 
Conservator” system that can be used to contact a conservator with a specialization in 
large functional objects. 
 
http://www.conservation-us.org/membership/find-a-conservator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.birdbgone.com/products.html
http://www.birdbarrier.com/
https://www.nixalite.com/Products/Bird-Control-Products
http://www.bird-x.com/
https://www.birdbusters.com/
http://www.gpheritageconsulting.com/gphc_about_us.htm
http://www.midwestrailway.org/railcar-repair.html
http://www.conservation-us.org/membership/find-a-conservator
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