
Tender brakes on the 2-4-0 
 

 
 
In the early 2000's Dad and I looked into putting brakes on the tenders to increase the braking 
capacity. When pulling long trains at the White Creek Railroad, we would choose our routes so 
we didn't have a long, straight downhill, but wanted curves to add resistance and help keep the 
train from going too fast. Due to the Mikado being heavier, it had better braking capabilities and 
we also tended to run her more as the engine weight (and braking power) was not as small in 
proportion to the train weight as compared to the 2-4-0 or 4-6-0. In the early 2000's we were 
eyeing up air brakes but with needing to get a small air compressor, tank, battery and car for it 
along with valves and not having much room for an air cylinder under the truck (connected to 
both brake beams of the truck) we decided against it. We also didn't have a good understanding 
of how the foundation brake rigging was built on the full size so we didn't consider that either. 
 
When I decided to add brakes to the tender, I wanted something simple to use. Some people I 
know have hand brakes or vacuum brakes on the tender and would need to operate them 
separately from the engine brakes. I wanted the tender brakes to work in tandem with the engine 
brakes (which are steam brakes) so I decided to have the brakes on the tender be powered by a 
single cylinder and the force would be transmitted through levers to the brake shoes, per the 
prototype. The steam line for the tender brakes is plumbed into the steam line for the engine 
brakes so the same valve controls both the engine and tender brakes. 
 
 
The Railroad Supply 0-4-0 is listed as having 270 lbs on the drivers. The tender for the 2-4-0 is 
based on an Allen Model’s tender and weighs around 150 lbs. If the engineer weighs 200 lbs, 
there is 350 lbs on the tender. If the tender has brakes, the braking power can be more than 
doubled than the braking power of just the engine. 



 
I bought the small brake shoes from Allen 
Models/Alley Supply. They are cast iron brake 
shoes. I bought enough for the three tenders plus 
three extra.  
 
 
 
 
 
 
 
 

I glued/bonded a rubber brake pad (bought a 
couple of vacuum cleaner belts and had to 
de-gloss the rubber to get it to stick). As the 
rubber wears, I can easily replace it instead 
of replacing the whole shoe. Cast iron shoes 
will also wear the wheels and when figuring 
out how much force the needs to be applied 
to the shoes, cast iron shoes need a force 
around 80% of the weight that is on the 
wheels. The lower friction composite shoes 
need a force around 45% of the weight on 
the wheels and don't wear the wheels. The 
rubber is closer to a composite brake shoe so 

for my calculations. 
 
 
I calculated the braking force to be around 40% of the weight and added extra holes to the 
live/dead lever on the brake cylinder to make other adjustments if needed. If the brakes are set 
too hard, the wheels will slide. 



 
 
To figure out what lever ratios I needed, I sketched them out. The 2-4-0's tender is around 160-
170 lbs and with an engineer on the tender, the total weight could be 350-400 lbs.  40% of 350 
lbs is 140 lbs of braking force and 40% of 400 is 160 lbs of braking force. Since the drivers will 
slide when full boiler pressure (130 psi) is applied to the brake cylinder, I based the calculation 
for the tender off of 100 psi, 40 lbs of force.  (It is possible that the pressure may be lower than 
this due to the steam condensing) My first guess with lever ratios gave me 73 lbs per axle, or 292 
lbs of force total. My second guess gave me 48 lbs per axle, or 192 lbs of force total. My third 
round of levers gave me 39 lbs per axle, 156 lbs of force total.  
 
For the 2-8-2’s and 4-6-0’s tender, I left the set up of the live and dead levers the same as they 
were for the 2-4-0. I adjusted the force that is applied by adjusting the live and dead levers on the 
brake cylinder and used the same brake cylinder on all three tenders. 
 
For the brake cylinder I bought a 3/4" diameter, 2" stroke single acting rear pivot mount cylinder 
from AutomationDirect 
http://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Ai
r_Cylinders/Round_Body_Air_Cylinders_%28A-Series%29/Single-Acting_-z-
_Spring_Return/A12020SP 



 
At 100 psi this cylinder gives 40 lbs of force and the pipe fitting is 1/8 NTP. To hang the 
cylinder to the tender frame, I made a holder out of 1/8" x 3/4" steel. I bent the ends over and 
drilled a 1/2" diameter hole in one end (had to egg it out slightly to accept the 1/2-20 threads on a 
slight angle) and slotted the other end. I used a 1/2-20 nut to hold the cylinder to its frame and 
made a plate to connect the cylinder frame to the bottom of the tender frame. 
 

 
 
While these are air cylinders, I have had good experience using them in this type of situation for 
steam brakes. The cylinder is generally a ways away from the steam valve and the steam will 
condense in the line, filling the cylinder with water. If the brakes are applied and released 
multiple times in a short order where all the steam is allowed to bleed off, the plumbing will start 
heating up and the steam won't condense until farther in the line and possibly getting to the 
cylinder. If there is a leak in the line, the condensation will escape and steam can reach that 
point. The steam will cook the cylinder and then it will need to be replaced; which is pretty easy 
using this set up. 
 
With using this type in a daily basis (4-5 hours a day), the cylinder closes to the steam valve lasts 
1-2 months of straight running. The cylinder farther away from the valve lasted more than a year 
of 120-150 days of operation per year. 
 



 
The live lever is attached to the piston rod of the cylinder and the dead lever (I made both from 
3/16" x 1/2" steel) is attached to the dead/stationary end of the cylinder. All of the force is 
applied to the cylinder and not to any of the cylinder holder. The piston applies 40 lbs of force to 
the lever. With the pivot being 1" away from the piston rod and the connection to the truck being 
3" away from pivot, 13 lbs of force will be transmitted to the lever on the truck. To give 
adjustment capability, I drilled two extra pivot holes, one on either side of what I want, so I can 
make the brakes stronger or weaker as needed. 
 
The levers on the truck are designed to magnify the 13 lbs of incoming force to 39 lbs on each 
brake beam. One lever on the truck will be connected to the live/dead lever from the cylinder and 
the 2nd lever on the truck will be connected (as a pivot point) to the truck; typically to the 
bolster. With the hole set up with 1.5" between two holes and 0.75" from the "middle" hole to the 
third hole, each pound of force applied to the top of the lever is amplified to 3 lbs of force to the 
"middle hole"/brake beam. 
 
After measuring the trucks, I decided to make the brake hangers 
have 2" centerlines. This would allow the foundation rigging to 
still be an ample amount above the rail head. The prototype 
hangers would typically have the brake shoe connection closer to 
the pivot than where the brake beam connects. Doing it that way 
will also amplify the force applied to the brake shoe. Since I 
don't need to amplify the force delivered to the brake beam, the 
brake beam connects to the brake hanger at the same connection 
as the brake shoe. 
 



When Dad and I 
assembled the trucks in 
1996 we ended up 
putting the bolster 
bracket in backwards; 
the holes for the brake 
hangers were on the 
outside of the truck 
frame instead of the 
inside. To get around 
this problem, I used 
pieces of 1/8” x ½” 
steel and twisted the 
ends to 90 degrees and 
drilled holes to hold the 
hangers. I bolted them 
to the bolster to keep 
them in place. 
 

 
 

This picture shows the dead lever 
connection. 
 
 
 
 
 

 
I made the brake beams out of 1/2" square steel and 
made my own clevises out of 1/2" square steel. 
Once most of the parts were made, I started fitting 
things up and making the pieces that set on top of 
the bolster for the upper connection of the brake 
hangers. For all of the connection rods, I measured 
their lengths as I was assembling the pieces.  
 
 



 
Plumbing to the brake cylinder on the tender 
 
 
 

 
 
 
For the flexible line 
between the engine and 
tender I used a 12" long 
stainless steel braided 
hose (McMaster-Car #  
4468k81) which has  
7/16-20 female threads 
which is the thread for a 
1/4" tube flare fitting.  
 
 
 
 
 
http://www.mcmaster.co

m/#braided-stainless-steel-hose/=zzz1vx 
 
 
 
 



 
First day of service for the tender brakes. 
 
 
When I ran the engine and tried the brakes, the brakes worked with well. With the 2-4-0 having 
around 270 lbs on the drivers and now the tender (which can weigh 350-400 lbs) having brakes, 
the braking capacity has more than doubled. I don't think I am getting quite all of the braking 
capacity out of the tender as I can. Part of that could be that the pressure in the cylinder is lower 
than the steam pressure due to the steam condensing. Part of it could be that the rubber needs a 
higher percentage of force than 40% of the weight. Part of it could be a loss of energy through 
the levers. Whatever the reason is, I am hesitant to make the brakes much stronger as if they are 
too strong for the weight (have a smaller engineer on the tender) or it is slippery, the wheels will 
slide and the braking power will be greatly reduced. The 2-4-0 can now stop an 1,100 lbs train 
running down a straight 3% grade around 3.7 mph in about 8' and can stop the same train 
running around 5.8 mph in about 15' without sliding the wheels. This is a huge improvement 
from just the engine having brakes. 
 
When we were messing around with how much weight the 2-4-0 can pull on my track, she 
stopped an 1,800+ lbs train without sliding the wheels and stopped it moderately easily. 
 
This project took me 10 days and about 14 hours to do. The estimated cost for the material is 
around $80-100. 
 
 

Brakes on the tender vs. brakes on the cars 
Several people have emailed me asking why I would put brakes on the tenders instead of on the 
riding cars as the riding cars can weigh more than the tenders. 

The brakes are set so when fully applied the wheels on the car won't slide when the car is empty. 
If a flat car weighs 100 lbs empty, the brakes are set so the 100 lbs car won't slide even if it can 



weigh 500+ lbs when carrying a couple of adults. (A large riding car may weigh around 300 lbs 
empty but could carry 4 adults and weigh 1,100 lbs loaded) 

The tenders for the 4-6-0 and 2-4-0 weigh around 150 lbs with water and coal. With an engineer 
on the tender, the tender weight could be around 350+ lbs. 

The 2-8-2's tender weighs around 300 lbs with coal and water and can weigh around 500 lbs with 
an engineer on it. 

It would take 3+ flat cars to equal the braking force of the 2-4-0's and 4-6-0's tender and 5 flat 
cars to equal the braking force of the 2-8-2's tender. 

With tender brakes, steam from the boiler can be used and brakes need to be set up for the 
tender. (Setting up the brakes can be 10-15 hours). 

For car brakes, an air compressor, tank, new brake valve would be needed or an ejector, valve 
and piping would be needed and each individual car would need a cylinder and foundation brake 
rigging. 

With brakes on the tender, you get more bang for your buck and time. 

 
 


