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1 Background 

1.1 Gas Electric Turbine 

 

Union Pacific was the only U.S. railroad to operate a fleet of Gas Turbine Electric 
Locomotives.  
 
The prototype first generation gas turbine electric, developed jointly by General 
Electric and ALCO, was out-shopped in 1948. It burnt low-cost, cheap grade Bunker 
"C" oil and produced 4,500HP at 1,500ft elevation and 80 degrees Fahrenheit.   
 
This was followed by the second generation, nicknamed "verandas" because of the 
walkway along the outsides, introduced in 1952. 
 
Finally, along came the 8,500HP "Super Turbines" developed by GE to an order 
placed in 1955, making its initial trip in August 1958. These locomotives, nicknamed 
"Big Blow", a reference to the Big Boys that preceded them, were numbered 1 
through 30 and the last example, #30, was delivered in June 1961.  
 
Typically, the "Big Blows" were assigned to heavy, faster-moving freight trains, 
between Iowa and Ogden, passing through iconic locations such as Weber Canyon 
and Echo Canyon, where a single gas turbine with its 8,500HP could take the place 
of 4-5 diesels of the time. Nevertheless, they could often be seen with addit ional 
diesel helpers and even a steam loco such as a 4-6-6-4 Challenger bringing up the 
rear! 
 
The last run of the gas turbines was in December 1969 but 8,500HP for a single 
locomotive is a record that still stands to this day.  
 
The GTEL comprised three units semi-permanently coupled together as a single 
locomotive. The ‘A’ unit, which housed an 850hp diesel motor for yard movements, a 
fuel tank for the diesel motor and the engineer's cab. The ‘B’ unit housed the Turbine 
prime mover. Finally, a tender would hold the 32,000 gallons of modified no. 6 heavy 
back fuel oil that powered the Turbine prime mover. This was a cheap, heavy fuel 
that was left over after more valuable fuels were removed. It was also highly viscous 
and difficult to work with. These tenders originated from Union Pacific's fleet of steam 
engines which were being retired at the time, and were modified for use with the 
Turbines. These modifications included a thicker insulation lining and heating 
elements to keep the bunker fuel at a temperature which would allow it to flow freely 
to the Turbine. They were also given sloped ends owing to the heat generated by the 
Turbine which would otherwise melt the tender bodywork.  
 
The Turbines didn't come cheap, costing roughly $845,000 per vehicle at the time. 
They were a sound investment for Union Pacific due to the immense power they 
offered, capable of pulling trains which would otherwise require 4-5 diesels to 
manage. They weren't without problems however. The Turbines created a low hum 
which could be heard for miles and caused numerous complaints. The heat generated 
by the Turbine was responsible for melting the asphalt off overpasses and due to the 
technology of the time, the Turbines were always at full throttle, even when idle. This 
made them very inefficient and it was only the low cost of bunker fuel that made them 
economically viable. Further mechanical complications arose from debris being 
ingested into the turbine's air intakes and causing damage to the blades. When 
travelling through tunnels, the turbines were known to suck all of the air out of the 
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tunnels which would cause the turbine to flame out. This was solved with 
modifications to allow diesel helpers to travel through tunnels with the turbine in case 
of such an event. 
 
Due to the rising cost of fuel, the complex nature of the turbines and the increased 
performance of Diesel Electrics, the turbines were retired and replaced by Union 
Pacific's "Centennial" DDA40X locomotives, with the last turbine being taken out of 
service at the end of 1969. They were salvaged for parts which would be used in the 
U50 Diesel Electrics, with some of the tenders eventually finding their way back to 
steam engine usage. 
 
 

1.2 Design & Specification 

 

Builder General Electric Transportation Systems  
Locomotive Weight 849,248 lbs (without tender) 
Vehicle Length 178ft, 11¼ inches (including tender) 
Top Speed 65 MPH (105km/h)  
Brake Types Air Brakes and Dynamic Brakes 
Tractive Force 212,312 lbs starting, 146,000 lbs continuous at 

18mph 
Power Output Maximum 10,000 hp (7457kW) from the DC generator 

at 6,900rpm, giving 8,500 hp (6338 kW) at the rails. 
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2 Rolling Stock 

2.1 GE Turbine “A” Unit 

 

2.2 GE Turbine “B” Unit 
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2.3 GE Turbine Tender 
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3 Driving the UP GTEL 

3.1 Cab Controls 
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Legend 

 
1 Dynamic brake 2 Back up light (tender) master  
3 Sander 4 Headlight master 
5 Headlight intensity 6 Gauge (instrument dial) lights 
7 Step lights 8 Back up light (tender)  

9 No. 1 Truck Power 10 Diesel engine emergency stop 
11 Throttle 12 Reverser 
13 Dynamic brake indicator 14 Throttle indicator 
15 Main reservoir (red) and equalising reservoir 

(white) pressure gauge 
16 Brake cylinder (red) and brake pipe 

(white) pressure gauge 
17 Loadmeter (ammeter) 18 Notching Guide (ammeter rate) 
19 Independent brake 20 Turbine start/stop 
21 Turbine automatic start-up indicator 22 Wipers 
23 Burning start fuel (diesel) indicator 24 Wheelslip warning 
25 Automatic (train) brake 26 Small window (also on left side) 
27 Large window (also on left side) 28 Sun visor 
29 
31 

Sun visor 
Sun visor 

30 
32 

Sun visor 
Horn 

33 Speedometer (M.P.H.) 34 Faulty Flame (turbine flameout) Detector 
35 Cool down (turbine spooling down)  36 Cab lights 
37 Classification lights on/off 38 Number lights on/off 
39 Diesel fuel gauge   
 

3.2 Locomotive Keyboard Controls 

 

Key Equivalent 

 

Action 

A / D Increase or Decrease Throttle. 

W / S Move reverser control Forward or Backward. 

; / ' Increase or Decrease Train Brake. 

[ / ] Increase or Decrease Engine Brake. 

< / >  Increase or Decrease Dynamic Brake. 
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3.3 General Keyboard Controls 

 

Key Equivalent Action 

 

T Load/Unload passengers or freight. 

H 

Shift+H 

Headlights. Repeatedly pressing will cycle through headlight 

states where appropriate. 

V Windscreen Wipers. Press once to switch on and again to 

switch off. 

Z Engine Stop/Start. By default the auxiliary diesel engine will 

already be running at the start of a scenario. Press this button 

to stop and then again to restart the diesel. 

Ctrl+Z Engine Stop/Start. By default, the gas turbine will not be 

running at the start of a scenario (the auxiliary diesel will be 

turning the single shaft that joins the compressor, turbine 

blades and geared generator, but no fuel will be going into the 

turbine’s combustion chambers). Press this button to start the 

turbine. It then takes about 4 minutes for the turbine to spool 

up to its operating speed of 6,900rpm. 

Note: Some scenarios, including Quick Drive, begin with the 

turbine already spooled up and ready to go. 

X Sander. Causes sand to be laid on the rails next to the 

wheels to assist with adhesion. Press once to activate sander 

and press again to deactivate.  

Ctrl+Shift+X No. 1 Truck Power. Toggle Reduced and Normal. In the 

Reduced position, current is diverted from the front truck to 

the rear. When the locomotive is accelerating or hauling a 

heavy consist, the weight distribution of the locomotive over 

the wheels becomes unbalanced, shifting from the front truck 

to the rear, which increases the likelihood of wheelslip on the 

front truck. In those conditions, the No. 1 Truck Power should 

be switched to Reduced, so that there is less tractive effort 

from the front wheels and therefore less chance of slipping. 

Space Horn. Sound the Horn 

B Bell. Sound the Bell 

/ Handbrake. Toggle the train handbrake on and off. 

  

Ctrl+U 

Shift+U 
Class Lights. Cycle the colours of the classification lights. 

I Gage (or Gauge/Instrument) Lights. Toggle on and off. 
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K Step Lights. Toggle on and off. 

Shift+K Number Lights. Toggle on and off. 

Ctrl+Shift+1 

Ctrl+Shift+2 
Brake Difficulty. Increase / Decrease 

Ctrl+Shift+R Performance Report. Press twice to display the report. 

Shift+3 

Ctrl+3 
Wheel-to-Rail Friction. Decrease / Increase 

Backspace Emergency Brakes. Press and hold to apply. This overrides 

the controls in the cab and should not normally be used. It is 

equivalent to the red button on the right-hand side of the F4 

HUD. 
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3.4 Classification Lights 

 

The locomotive has two 3-colour classification lights, one on each side of the nose of 
the ‘A’ unit. These have to be switched on with the toggle switch in the cab and the 
colour can be selected using the keyboard commands (U or shift U) to cycle through 
the available colours: 
 
White 
 
An “extra”, unscheduled (not in the timetable) train.  
 
Green 
 
The train is part of a timetabled service that has been split in to several consists, or 
sections, and another section is following behind it.  
 
Red 
 
Whilst uncommon, the red class lights were used when the locomotive was placed at 
the trailing end of a train in lieu of a red marker light. 
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4 Scenarios 
 

4.1 01. [Turbine] Introduction to the Turbine 

Take to the rails as the engineer in charge of the mighty Union Pacific Gas Turbine Electric 
Locomotive as it thunders over Sherman Hill hauling cargo bound for the west coast. 
 

 Duration   10 Minutes 

 Difficulty   Very Easy 

4.2 02. [SW10] Simple Switching 

We'll start with some switching duties in Cheyenne Yard, assembling the Gas Turbine. Things 
are already in progress and you will take over for the last few manoeuvres with guidance from 
the brakeman. 
 

 Duration   40 Minutes 

 Difficulty   Easy 

4.3 03. [SW10] Straight Up Switching 

We'll start with some switching duties in Cheyenne Yard, assembling a consist for the Gas 
Turbine. Follow the task list carefully and don't be rough with the cars. You'll be penalised 
severely for any operational transgressions. Show us what you've got. 
 

 Duration   55 Minutes 

 Difficulty   Hard 

4.4 04. [Turbine] To the Max and Back 

Union Pacific requires a rolling brake test to be carried out before the Turbine is put into 
operation. In the designated area, reach a speed of at least 65Mph before applying the brakes 
and coming to a stop. Follow instructions and await clearance before carrying out the test. 
 

 Duration   20 Minutes 

 Difficulty   Easy 

4.5 05. [Turbine] Red Line Run 

Union Pacific requires a rolling brake test to be carried out before the Turbine is put into 
operation. Follow instructions as required, and await clearance before running up to 65Mph 
and applying the brakes in the designated area. 
 

 Duration   20 Minutes 

 Difficulty   Hard 

4.6 06. [Turbine] Haulage to Granite 

We're clear to run the Turbine to Granite. You'll be joined by a Senior Engineer to help guide 
you through the tasks required today. Have a safe journey. 
 

 Duration   50 Minutes 

 Difficulty   Easy 
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4.7 07. [Turbine] Hard Haul to Granite 

We're clear to run the Turbine to Granite. You're in control, but be vigilant. Visibility is poor 
and forecast to worsen with an approaching storm. Have a safe trip. 
 

 Duration   60 Minutes 

 Difficulty   Hard 

4.8 08. [ES44] After Noon to Laramie  

A unit train of Autoracks needs running from Perkins to Laramie and we're short of engineers. 
Jump in the cab of some ES44 traction and take to the rails on this sunny afternoon. 
 

 Duration   55 Minutes 

 Difficulty   Easy 

4.9 09. [ES44] Lashing Down to Laramie 

A heavy unit train of Autoracks needs running from Perkins to Laramie. The weather is poor 
and it could be a tough run. Jump in the cab of some ES44 traction and get this freight on the 
move. 
 

 Duration   60 Minutes 

 Difficulty   Hard 

4.10 10. [Turbine] Big Blow’s Descent  

Reinstatement to service is going well. Let’s see how you and Big Blow handle a run from 
Lynch to Laramie. It’s a light train, but pay careful attention to braking and don’t exceed the 
road limit. 
 

 Duration   70 Minutes 

 Difficulty   Easy 

4.11 11. [Turbine] Don’t Brake Concentration 

Reinstatement to service is going well. We have a run from Lynch to Laramie to tackle and 
you're the assigned engineer. With a heavy load and less than perfect weather, be sure to 
manage the brakes carefully and don’t exceed the road limit. 
 

 Duration   60 Minutes 

 Difficulty   Hard 

4.12 12. [Turbine] Manifest Itself 

Getting the Turbine back in business has been a great success! Let’s keep the momentum 
going. The roster needs you back in the cab of Big Blow for a Manifest run to Cheyenne. 
 

 Duration   70 Minutes 

 Difficulty   Easy 

4.13 13. [Turbine] Enduring the Manifest 

The Turbine is almost back in business. We need to keep the momentum going, so climb back 
in the cab of 'Big Blow' and haul a manifest train to Cheyenne. It’s a heavy run, but you should 
manage it. 
 

 Duration   70 Minutes 

 Difficulty   Hard 
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4.14 14. [Turbine] Full Throttle Over Sherman 

We've done it! The Big Blow is cleared for revenue service. Get to work with a run over 
Sherman Hill. Remember everything you've learnt and let’s demonstrate why this fantastic 
machine is back in use. 
 

 Duration   40 Minutes 

 Difficulty   Easy 
 

4.15 15. [Turbine] Through the Storm Over Sherman 

We've done it! The Big Blow is back in service. There is no time to lose as we have haulage 
contracts to fulfil. Conditions over Sherman Hill aren't great but this mighty machine can take 
whatever nature can throw at it. 
 

 Duration   50 Minutes 

 Difficulty   Hard 
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5 Railfan Mode Scenarios 
 

Railfan Mode provides a unique chance to observe and enjoy the operations of trains without 
the pressure and involvement of driv ing them. Railfan Mode scenarios are positioned at 
various key points along the route and provide camera functionality to sit back and watch the 
action unfold. 
 
These scenarios are located on the Drive screen under the Career tab.  

5.1 [RailfanMode] Cheyenne 

 

 Duration   30 Minutes 

5.2 [RailfanMode] Laramie 

 

 Duration   20 Minutes 

5.3 [RailfanMode] Sherman Hill 

 

 Duration   20 Minutes 
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6 Operating the Gas Turbine 
 

6.1 Position of the Gas Turbine in the Locomotive 

 

The GTEL comprises three units: 
 

 Lead (‘A’) unit with the cab, the controls, dynamic brake resistors, engine 
control cabinets and an 850 HP auxiliary diesel.  

 

 Trailing (‘B’) unit with no cab and housing the gas turbine, the air compressor 
for the gas turbine (not to be confused with the air compressor for the air 
brake main reservoir in the ‘A’ unit) and DC electric generator.  

   

 Fuel tender used to carry the modified no. 6 heavy black fuel oil used by the 
gas turbine. 

 
The auxiliary diesel is used to start the turbine and to provide the excita tion of the 
dynamic braking. It is also used to power the traction motors when the turbine is not 
running, allowing the locomotive to be moved around the yard at speeds of up to 
25mph without the need to use the gas turbine. 
 

6.2 Brief Overview of How a Gas Turbine Works 

 

To understand how to operate the gas turbine engine, it is necessary to have a basic 
understanding of how a gas turbine works, that is, how it produces the electricity that 
goes to the locomotive’s traction motors.  
 

In normal operation (with the turbine spooled up), the gas turbine engine works as 
follows: 
 
Outside air enters the air compressor through an air intake on the roof of the ‘B’ unit.  
 
The air compressor consists of many splines (a bit like propeller blades) that spin 
very fast. They are surrounded, very closely, by a circle of static splines. There are a 
series of these splines, in stages, along the compressor shaft and the air is passed 
from one stage to the next, being “squeezed” more and more by the action of the 
splines and reaching ever higher pressures, until it comes out at the other end of the 
compressor at about four times atmospheric pressure.  
 
The compressed air is directed into a set of 10 combustion chambers, arranged in a 
circle around the circumference of the engine. Fuel is injected into these chambers 
and ignites with the compressed air, producing large quantities of hot gas.  
 
The hot gases escape through the output nozzles of the combustion chambers at 
high velocity where they pass through the blades of the turbine (in fact there are two 
stages of turbine blades – high pressure followed by low pressure, to extract as much 
energy as possible from the stream of gas). Those blades are also like propeller 
blades, and when the hot gases hit them, they spin. In effect, energy in the hot gases 
is transferred to the turbine blades. Afterwards, the hot gases, which have expanded 
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and cooled (partially – they are still extremely hot!) and returned to atmospheric 
pressure (nearly) exit through the large exhaust pipe at the rear of the turbine.   
 
The turbine blades, the compressor and a DC generator are all connected (via 
reduction gears, in the case of the generator) on a single, common rotating shaft. 
Therefore, when the turbine blades are made to spin by the hot gases, so does the 
shaft and so too do the compressor and the DC generator’s rotor windings. This 
means that the turbine, through the burning of fuel in the combustion chambers, is 
powering its own compressor, but that requires only a small amount of the torque it 
produces. It also has plenty of energy left over to apply lots of torque to the generator 
rotor. 
 
The generator produces electrical current as a result of its rotor windings spinning 
past the stator (static) windings placed around the rotor. This is because the rotor 
windings already have an electromagnetic field of their own, produced by an 
excitation current flowing through them.  
 
The control circuits in the cabinet in the ‘B’ unit determine how much of that 
generated current is supplied to the DC traction motors (on both the ‘A’ and ‘B’ units) 
and that depends on the throttle notch selected by the engineer in the cab of the ‘A’ 
unit. 
 
When current flows in the stator windings of the generator, produced as a result of 
the rotor being spun by the turbine, it creates its own electromagnetic field in the 
stator. Whenever the amount of current, i.e. the “load” (measured in Amperes), being 
demanded from the generator increases, so does the strength of the stator 
electromagnetic field. However, that acts in a similar way to a brake acting against 
the rotor field (because of the interaction between electromagnetic fields in close 
proximity to one another), trying to slow down the rotor and everything connected to 
the single shaft, including the turbine blades!  
 
The turbine, on the other hand, needs to be kept at the same, constant 6,900rpm for 
maximum efficiency (this has a lot to do with the efficiency of the compressor and its 
ability to produce compressed air for the most efficient air -fuel mixture in the 
combustion chambers). 
 
As the load increases, and the braking effect of the generator stator field increases, 
the control system acts to maintain 6,900rpm. It counteracts the higher 
electromagnetic “braking” by applying more torque to the rotor. This is an important 
concept to grasp – generators convert torque into current, in the same way as motors 
convert current into torque. A generator is a motor with the current in reverse. The 
generator doesn’t need to spin faster to produce more current - it just has to apply 
more torque at the rotor windings while maintaining a constant rotational speed.  
 
The turbine’s control system increases the torque to the generator by burning more 
fuel to release more energy into the turbine blades. It increases or decreases the flow 
of fuel into the combustion chambers automatically so as to keep the turbine spinning 
at a steady 6,900rpm as the load increases and decreases.  The control cabinet takes 
a variety of information from sensors located in various components of the engine, 
measuring parameters such as temperature, fuel flow, air pressure, turbine speed 
and generator load, and uses it to determine how much to increase or decrease the 
fuel flow. 
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6.3 Starting the Gas Turbine 

 

As explained in the previous section, the locomotive’s gas turbine has to run at a 
constant 6,900rpm for maximum efficiency. Now let’s look at how it gets up to that 
speed in the first place. 
 
Fortunately, for the engineer in the cab of the GTEL, it’s all done at the press of a 
button.  
 
The control cabinet automates the entire sequence of act ions needed to spool-up the 
turbine. All that is needed is for the auxiliary diesel to be running (idling). Once the 
button is pressed, and the lamp just to the right of it illuminates, the sequence is 
underway. The engineer simply has to wait for the lamp to extinguish.  
 
The sequence begins with the auxiliary diesel running the turbine’s air compressor up 
to 700rpm so that compressed air is going into the turbine’s combustion chambers. At 
that point, diesel fuel (from the tanks under the ‘A’ unit) is fed into the combustion 
chambers and spark plugs ignite the air-fuel mixture.  
 
Not all of the chambers have spark plugs – instead, there are “crossover” channels 
between groups of chambers, so that when one chamber ignites, the flame 
instantaneously flashes over to the next chamber and so on. Eventually the chambers 
are hot enough that they maintain the flame without the need for a spark and so the 
control system stops energising the spark plugs. 
 
The turbine continues to spool up to 5,500rpm. Then, the contro l system switches the 
fuel supply, cutting off the flow of diesel fuel and changing to the modified no. 6 
heavy black fuel oil supplied from the tender. The turbine continues on up to 
6,900rpm and when the control system detects that the rpm and exhaust temperature 
are stable, the generator is brought “on line” and can provide current to the DC 
traction motors. That’s when the lamp goes out and the engineer can take over and 
begin using the throttle. 
 

6.4 Things that can go wrong with the Gas Turbine 

 

The gas turbine is very reliable but there’s always the possibility that something can 
go wrong. Two such eventualities are included in this model of the GTEL:  
 
Turbine mis-start 
 
When the turbine is spooling up, there can sometimes be a change in the flow of air 
into the compressor, leading to a “surge” that disrupts the airflow in a similar way to 
an aircraft wing stalling. Air and fuel is then mixed in the combustion chambers in the 
wrong amounts and an explosion can occur, with smoke and flames coming out of the  
air intake.  
 
When a mis-start occurs, the turbine will automatically spool down and the scenario 
will have to be re-started. In reality, it was a lengthy process to recover from a mis -
start and required purging the combustion chambers of the fuel that would 
accumulate. 
 
The probability of a mis-start is set at 1 in 100.  
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Turbine flame-out 
 
The turbine needs fresh air going into the compressor, in order to get the ideal air -
fuel mixture in the combustion chambers. When the locomotive enters a tunnel, 
especially if not traveling very fast, there can be a tendency for the exhaust gases 
and smoke to find their way back into the air intakes, suffocating the flame in the 
combustion chambers.  
 
This used to be more or a problem until the design of the exhaust pipe was changed 
to put it at a 30 degree angle instead of going straight up. The engineers also found 
that there was far less chance of a flameout if they increased the throttle before 
entering the tunnel.  
 
In the model, a flameout can occur when the locomotive enters a tunnel. The 
probability of a flameout increases if the speed is less than 15mph and/or the 
ambient temperature is above 80 degrees Fahrenheit.  
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7 Throttle Notches and the Notching Guide 
 

The UP GTEL was a very powerful locomotive and the standard 8-notch throttle didn’t 
give a fine enough control over its power output. Instead, it was equipped with a 20 -
notch throttle. 
 
A noticeable characteristic of this was that, because the notches were close together, 
the lever would give a series of rapid clicks as the throttle was advanced.  
 
However, if the throttle was notched up too quickly, the resulting rapid increase in 
load placed on the generator could overcome the ability of the control system to 
regulate the fuel flow to the turbine, resulting in underspeed or overspeed of the 
turbine. A “Notching Guide” was installed in the cab to help the engineer to know how 
quickly he could open up, or close, the throttle. It reads the rate of change in load 
(the load shown by the Loadmeter, or Ammeter). The quicker the load changes, the 
further the Notching Guide needle moves to the left, from the green area towards the 
yellow/red area of the gauge.  
 
The engineer should aim to keep the Notching Guide needle in the green to 
avoid overwhelming the turbine. 
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8 Advanced Brakes 
 

8.1 Understanding the HUDs in relation to the Advanced Brakes 

 
Position of the Independent Brake Handle 
 
The Independent Brake handle implements “bail-off”. This is when the brakes are 
released on the locomotive without releasing the automatic train brakes.  
 
The engineer bails off by moving the independent brake handle all the way to the left 
and then pushing down against the pressure of the return spring. When the handle is 
released, the spring moves the handle upwards again. On the F4 HUD, that  resting 
position is at 20%. Bail-off is at 0%. Anything between >20% and 100% on the F4 
HUD indicates an independent brake application. So, when the F4 HUD shows the 
independent brake handle at 20%, it does not mean the independent brakes are on.  
 
When the automatic train brakes are applied, the brake pipe pressure drops and the 
locomotive’s brake cylinder pressure rises, i.e. the locomotive’s brakes are applied, 
even if the independent brake handle is at 20% (brakes off).  
 
The true indication of whether the locomotive’s brakes are set is given by the brake 
cylinder needle on the gauge in the cab and the “loco brake” value in the F5 HUD.  
 
 
Brake Pipe Pressure and Brake Cylinder Pressure in the F5 HUD 
 
The advanced brake simulation, and in particular the simulation of the pressure wave 
travelling along the brake pipe and the effects of depleting and recharging the 
auxiliary reservoirs, is achieved by manipulating the brake pipe pressure that you can 
see in the F5 HUD. Players should ignore that value, as it  does not correspond to any 
genuine pressure (it is merely manipulated by the engine script to achieve the correct 
brake cylinder pressure at the right time). 
 
The brake cylinder pressure shown in the F5 HUD is an indication of the average 
pressure measured along the entire consist. For example, when the brakes are 
released, the pressure falls first, and quickly, at the head end of the train and last at 
the tail end. The average pressure drops to 0psi smoothly as the brakes release 
along the train, one car after another. When the F5 HUD shows 0psi brake cylinder 
pressure, it means that the brakes have been released on all the cars in the consist.  
 
Similarly, when the train brakes are applied, the brake cylinder pressure shown by 
the gauge in the cab, corresponding to the head end (actually, to the locomotive 
itself) will rise more quickly than the BC pressure shown in the F5 HUD, because it 
takes time for the brakes to apply all along the train.  
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8.2 Auxiliary Reservoirs and Losing all your Air 

 

Auxiliary reservoirs are those reservoirs mounted underneath the cars in a consist. 
They contain pressurized air that, when the brakes are applied, is fed into the brake 
cylinders to produce the braking force that slows down the train.  
 
To understand how it is possible to lose air, and lose the train brakes, it’s necessary 
to understand what happens when brakes are applied or released:  
 

 brakes are applied by lowering the pressure in the train’s brake pipe (in simple 
terms, by letting air out of the pipe through a hole in the brake control stand); 

 

 brakes are released by pumping compressed air into the train’s brake pipe 
(again, via the train brake control in the cab) until the pressure in the brake 
pipe is higher than in the auxiliary air brake reservoirs under each car  (these 
are normally pressurized to 90psi). 

 
When the brakes are applied, the equalizing reservoir pressure drops by an amount 
determined by the engineer, and the brake pipe (train line) pressure drops until it 
matches the equalizing reservoir pressure.  
 
When the BP falls below the pressure in the auxiliary reservoirs of each car  (initially 
at 90psi), the brakes are applied on the cars by means of pressurized air (from those 
auxiliary reservoirs) going into the cars’ brake cylinders. However, that in turn means 
that the pressure in the auxiliary reservoirs drops.  
 
The cars’ auxiliary reservoirs are recharged with air from the brake pipe (which 
comes from the locomotive) when the train brake handle is in the Release position, 
but it takes time, especially on a long train. The auxiliary reservoirs are recharged 
through a narrow “feed groove” in the triple valves, and so the pressure in the 
auxiliary reservoirs rises much more slowly than in the brake pipe itself.  
 
If the engineer has not left the handle in Release for sufficient time before again 
applying the brakes, the auxiliary reservoirs might not yet have recharged to their 
nominal 90psi pressure. That leads to two effects:  
 

 First, the brake pipe pressure has to drop even further before it is lower than 
the pressure in the auxiliary reservoirs, so it takes longer for the brakes to 
come on; 

 

 Secondly, when the brakes do come on, they do so with less force because 
the pressure in the brake cylinders, which comes from the auxiliary reservoirs, 
is lower. 

 
The more often the engineer does this, without giving the auxiliary reservoirs a 
chance to recharge, the worse it gets, until eventually there is hardly enough 
pressure left in the reservoirs to feed the brake cylinders and apply the brakes. At 
that point, the engineer has lost his air (there’s a more colourful phrase that 
describes it) and could have a runaway train on his hands.  
 
Fortunately, he should still be able to stop with the emergency brakes, using air from 
the emergency air reservoirs under each car. 
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The lesson is, try to avoid applying, releasing, applying, releasing the brakes rapidly, 
and after releasing the brakes. 
 
Note that there is nothing on any gauge, or any HUD, that shows the pressure in the 
auxiliary reservoirs. However, if the brakes seem sluggish or ineffective, it’s a sign 
that the auxiliary reservoirs haven’t been given time to recharge.  

8.3 Getting Moving 

 

To start a train from a standstill, with the train and locomotive brakes applied, follow 
these steps: 
 

 If the train is on level track or facing downhill, bail off the independent brake. 
 

 Bail-off is achieved by moving the independent brake handle all the way to the 
left and then push it down and hold it there against the pressure of the return 
spring, until the locomotive Brake Cylinder (BC) pressure drops to 0psi.  

 

 After bailing off, put the reverser forward, gently increase the throttle by a few 
notches and move the locomotive forward slowly until its speed drops again as 
it picks up the slack in the train.  

 

 Move the Train Brake handle towards Release - it will latch around 17% 
 

 Stop moving the handle (release the keyboard button or mouse button) 
 

 Wait half a second 
 

 Move it towards release again and it will move towards 0% and release 
 

 Observe Equalising Reservoir (ER) pressure moves to 90psi 
 

 Observe Brake Pipe (BP) pressure rises towards 90psi  
 

Note: the longer the consist and/or the higher the brake difficulty that has been 
selected, the longer it will take for the BP to rise. Also note that the BP needle 
shows the pressure at the head end of the train. There is a delay, which again 
depends on the length of the consist, for the pressure to change at the tail end 
of the train. 

 

 Observe locomotive Brake Cylinder (BC) pressure drops towards 0psi 
 

 Once BC is at 0psi, brakes are released on the loco and will be releasing down        
the length of the train. 

  
Notes:  
 
The BC needle shows the pressure in the locomotive’s brake cylinders, not the 
cylinders on the cars in the consist. The brakes on the cars begin to release 
starting with the one nearest the locomotive, and only when the brake pipe 
pressure at the head end has risen a minimum of 1.5psi. At that point, the 
brakes begin to release rapidly along the train, as the pressure wave, 
travelling at 150 metres per second, reaches them. Therefore, the overall 
braking effect, indicated by the brake cylinder pressure shown in the F5 HUD, 
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doesn’t go to zero immediately – first there is a delay while the head end brake 
pipe pressure rises 1.5psi, then the braking effect falls smoothly to zero, as 
the brakes come off one car after another, until the last car in the train 
releases its brakes (indicated by 0psi in the brake cylinder pressure value in 
the F5 HUD). 
 
There is no gradual release. Once the train brakes begin to release, there is 
no stopping it. They will all release eventually and the BC in the F5 HUD will 
show 0psi. 
 
The locomotive’s brake cylinder pressure, on the other hand, responds 
proportionally to changes in the head-end brake pipe pressure, as well as to 
bailing off. The independent brake can is graduated self-lapping, so it can 
perform gradual releases, or applications, and hold the locomotive brake 
cylinder pressure steady at a pressure corresponding to where the lever rests.  

 

 Put the reverser forward, apply the throttle and wait for the train to begin to 
move, once it begins to move you can start to apply more power, but taking 
care to keep the “Notching Guide” needle in the green zone.  

 

8.4 Going Down Hill 

 

 Move the Dynamic Brake handle to out of Off. 
 

Note: The dynamic brake cannot be moved unless the throttle is in idle and the 
reverser is not in idle. 

 

 Move the Train Brake towards Apply. It will latch at around 24% for Initial (or 
Minimal) Reduction. 

 

 Observe the ER moves to 84psi (6lb “quick service” application) 
 

 Observe BP drops to 84psi to follow the ER 
 

Notes:  
 
The greater the length of the train, the more time it takes for the BP to catch 
up with the ER. 
 
For every 1lb drop in brake pipe pressure, leading to an equal drop in pressure 
in the auxiliary reservoirs under the cars in the consist, the pressure in the 
brake cylinders increases by 2.5psi (a ratio of 1:2.5). The same ratio applies to 
the locomotive’s brake cylinder pressure when it responds to changes in the 
brake pipe pressure. 

 

 Observe BC rapidly applies and stabilises around 15psi (6psi x 2.5 = 15psi) 
 

 Independent brakes are now on a minimum application, the rest of the brakes 
on the train should respond relatively rapidly and also reach a minimum 
application (15psi on every car in the consist).  
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 Once approximately 10 seconds have elapsed after the Dynamic Brake handle 
was moved to from Off, begin moving it further to the right in order to achieve 
greater resistive braking 

 

 If Dynamic Brakes are not holding the loco, gently move the Automatic Train 
Brake a small amount further to the right to apply some more air brake but 
note that beyond the initial application the brakes are much slower to respond 
and it will take time to get the extra braking effort along the length of the train  

 

 If you find yourself slowing too much even without Dynamic Brakes then you 
should bring the train to a stop and release the brakes.  It will take some time 
for the brake pipe to recharge and if you try to release the brakes while moving 
you may be going too fast before you can re-apply the brakes. 

 

 At the top of a steep incline, you may wish to set handbrakes on some wagons 
using the coupling view - this is equivalent to standard railroad practice of 
using retainer valves to maintain a present fraction of air brake pressure on 
some freight cars which would allow a minimum amount of braking even if 
you've released the main air brakes.  Stop your train before applying hand 
brakes and then proceed. 

 

 Above all, braking requires a lot of forward thinking and careful management.   
Remember, safety first - if in doubt, stop the train.  If you need to stop the train 
and release the brakes while on a gradient in order to allow a full recharge of 
the brake pipe and the auxiliary reservoirs, then set all the handbrakes first. 

 

8.5 Stopping 

 

 Move the Train Brake towards Apply, it will latch at around 24% for Initial 
Application 

 

 Observe the ER moves to 84psi (6lb “quick service” application) 
 

 Observe BP rapidly drops to 84psi to follow (at a rate that depends on the 
length of the consist) 

 

 Observe BC rapidly rises and stabilises around 15psi 
 

 Independent brakes are now on a minimum application, the rest of the brakes 
on the train should respond fairly rapidly. 

 

 If you need further application to come to a stop then continue to move the 
train brake towards Apply gently, remember that the more air you let out of the 
BP the longer it will take to get the BP recharged again once you get going.  

 
 

8.6 PCS Tripped  

 

 Ensure the Throttle handle is in the Idle position 
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 Move the Train Brake into the Emergency position before moving it back into 
Release 

 

 Wait for the brake pipe pressure to reach 0psi. Only then will the brakes 
actually begin to release. 

 
 

8.7 FAQ 

 

The train won't move when the brake cylinder says the brakes are off  
Remember, all the gauges on the front refer only to the state of the brakes on the 
locomotive. As you use the air brakes, a pressure wave makes its way down the train 
and it can take sometimes minutes for your braking to take effect along the length of 
the train. Therefore, make small changes and wait for their effect. Forward thinking 
and small, careful changes are crucial in the safe operation of US freight trains.  
 

The train won't slow down even though the BC is at 65psi!  
You've most likely run out of air in the reservoirs down the train which can happen 
after a number of repeated applications and releases without allowing time for all the 
reservoirs to recharge. 
 
There is no way to know what pressure the car reservoirs are holding so it is 
important to allow the train plenty of time after a brake release for everything to 
recharge, more so if the last application was a strong application since more air 
would have been used.   
 
If you find yourself in this situation, move the Train Brake handle to its maximum 
application position, wait a second or two and then move it further to the Emergency 
position.  This will make an emergency application of the brakes using a separate 
dedicated emergency reservoir and bring the train to a stop.   
 
You should now set ALL handbrakes on the train so that it is pinned down safely and 
then you can release the Train Brake handle and let the brake system fully recharge, 
which may take 10-20 minutes on the hardest difficulty setting.   
 
Once recharged you can make a minimum service application, release all the 
handbrakes and then continue on your journey. 
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9 Dynamic Brake, Throttle and Reverser Interlocking 
 
The dynamic brake lever is interlocked with the throttle and reverser levers:  
 

 The dynamic brake lever cannot be moved unless the reverser is in Forward or 
Reverse and the throttle is in Idle. 

 

 The throttle and reverser cannot be moved out of idle unless the dynamic 
brake is in Off. 
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10 Auto-numbering 
 
In addition to the locomotive number, the model also features auto-numbering on the 
number boards mounted on the nose of the ‘A’ unit. These accept digits from 0..9 as 
well as "X", "-" and blank spaces. 
 
The auto-numbering code that you enter into the locomotive when creating a scenario 
is composed of 8 characters, as illustrated with the following example: 
 

 

sxh12b12 
 

sxh12b12 The scenario begins with the turbine already 

spooled up. 
 
  “s” means spooled up, anything else means the 

turbine is not spooled up. 
 

sxh12b12 number boards display “X-12 ” 

 
 “x” means “X” 
 “h” means “-“ (a hyphen) 
 “12” means “12” 
 “b” means “ “ (a blank space) 

 

sxh12b12 Locomotive number is 12 
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11 Wheelslip 
 

The scripting of this model of the UP GTEL contains some quite complicated 
calculations for wheel inertia, momentum and adhesion, taking account of the 
locomotive's instantaneous tractive effort, the weight on the driving wheels, sanding 
and the coefficient of friction between the driver tyres and the rails.  
 
The friction can be changed "on the fly" through a keystroke combination (Shift 3 or 
Ctrl 3), even to the extremely slippery condition of "leaves on the track" (leaves 
produce a resinous black goo so slippery that not even sanding will help).  
  
It's possible to induce wheelslip even when running "light engine". In fact, the weight 
of the consist pulled by the locomotive is not a direct factor in determining wheelslip - 
it only affects how much power is needed to overcome the inertia of the consist and 
get it rolling.  
 
Thus, with a heavy train, wheelslip is more likely, simply because the engineer is 
more likely to need to apply more power to move the train, and more power to the 
rails increases the chance of wheelslip.  
 
When wheelslip occurs, a warning lamp will illuminate and a buzzer sounds in the 
cab.  
 
There are several ways to recover from wheelslip:  
 

 Reduce the throttle (“notch down”)  
 

 Switch on the sanders 
 

 Switch the No. 1 Truck Power from Normal to Reduced 
 
In fact, when starting a heavy train from a standstill, especially in slippery conditions, 
it is recommended first to switch on the sanders and set the No. 1 Truck Power to 
Reduced, as a matter of course. 
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